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LOI NOI PAU

Sinh hoa hoc dong vdt la mot mon hoc co so cua nhiéu chuyén nganh trong cdc
trwong Pai hoc nhw chuyén nganh Sinh hoc, Chan nuéi Thii y, Nudi trong thity sinh
Cong nghé sinh hoc . . . Day la mén hoc co tinh chdt bdc cau gitta khoa hoc co ban
nhu sinh hoc, hod hoc voi khoa hoc chuyén nganh nhu dinh duwong hoc, di truyén hoc,
cong nghé protein, cong nghé gen, giong vit nudi, sinh Iy hoc, bénh 1y hoc... Cho nén,
théng qua mén hoc ndy sinh vién sé nam dwoc co sé hod sinh vé nhu cau dinh dudng
ciing nhw nguon goc, nguyén nhdn gay bénh & déng vat.

Gido trinh sinh hoa hoc dong vdt do tap thé tac gia bién soan:
1. TS. Tran Té (Chu bién): Chuong 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15
2. ThS. Cu Thi Thuy Nga: Chuong 1

Néi dung cua gido trinh ¢é 15 chwong bao gom 2 phan chinh: sinh hod hoc tinh
va anh hod hoc dong . Sinh hod hoc tinh sé cung cdp nhitng kién thirc co ban vé thanh
phdn va cau tao hod hoc cia céc chat ¢é trong co thé dong vat. Sinh hoa hoc dong sé
cung cdp nhitng kién thirc co ban vé qud trinh trao doi chat, sw chuyén hoa cia cdc
chdt va méi lién quan giita cdc qud trinh chuyén héa dé trong co thé dong vat.

Chiing téi hy vong rang gido trinh sinh héa hoc déng vdt nay sé la tai liéu hoc
tdp bé ich sinh vién nganh Chdn nuéi, Thii y ciia cdc trieong Dai hoc Néng nghiép,
dong thoi ciing la tai liéu tham khdo cho cdc nha chuyén mén va cac doc gia quan tam
dén linh vuc sinh héa hoc.

Trong qud trinh bién soan, chiing téi da rat cé gdng tham khdo cdc tai liéu trong
va ngodi nuoc nham dam bdo tinh chinh xdc, tinh co ban, tinh hién dai va tinh thuc
tién. Tuy nhién, gido trinh sé khong tranh khoi nhitng thiéu soét. Ching t6i xin chén
thanh cam on va san sang tiép thu cdc y hén déng gop tir moi tang I6p doc gia khi tiép
cdn véi gido trinh nay dé chiing téi kip thoi bé sung, sira chita nham ddp vmg ngay mét
tot hon .

Tap thé tic gia bién soan



M dau
GIOI THIEU MON SINH HOA HOC

1. POI TUQNG VA NHIEM VU NGHIEN CUU CUA MON HQC

Sinh hod hoc (Biochemistry) hay con goi 1a hoa hoc sinh vat - 1a mot mén khoa
hoc nghién ctru hién tuong séng, chu yéu vé mat hoa hoc. N6 1a mot bd phan cua
nganh khoa hoc nghién ctru vé sy sdng néi chung, tirc 1a nganh sinh hoc.

Su séng bao gém nhiéu hién tuong rat phtrc tap c6 dinh hu dén vat 1y, hoa hoc,
cho: nén dé hiéu dugc sy séng va tién toi didu khién no ta can phai ndm duoc cic qua
trinh co s¢ cua nd. Nhiém vu nay dugc hai mon sinh 1y va sinh hoé thyc hién. Mon
sinh 1y nghién ctru cac hién twong 1y hoc ciia sy sdng, con sinh hoa hoc nghién ciru cac
thanh phan va cac biéu hién hoa hoc cta sy sdng.

Sinh hoa hoc ¢6 thé chia lam 2 phén: sinh hod hoc tinh va sinh hoa hoc dong voi
hai nhi€ém vy nghién ctru khac nhau.

1.1. Sinh hoa hgc tinh

1.1. 1. Nhiém vu va doi twong

Nhiém vu cta sinh hod hoc tinh 1a phan tich nghién ctru thanh phén cAu tao hoa
hoc cua tirng loai mé bao, co quan, cua tung loai sinh dich trong co thé. V& mit nay,
sinh hoa hoc gén v6i hod hitu co, nhd né ma ta c6 duge khai niém cu thé vé cau tric
ctia co thé sinh vat, cling nhu vé cac chit bién hoa trong qua trinh trao ddi vat chat.

1. 1. 2. Phwong phdp nghién cuu

Phuong phap nghién ciru cua sinh hoa hoc tinh phan 16n dya trén phuwong phap
nghién ctru ctia hoa hitu co nhu: chiét xuat va phan tich.

Ngoai ra, ngay nay nguoi ta con ng dung rong rai cac phuong phap hi¢n dai nhu
phan tich cdu tric bang tia Ron - ghen, phuong phap siéu ly tam, phuong phap dién
di... trong vai chuc nam gan day da c6 nhiing phat hién v6 ving quan trong.

1.2. Sinh ho4 hgc dong

1.2.1. Nhiém vu va doi twong

Sinh hod hoc dong c6 nhi¢ém vy nghién clru cac qua trinh chuyén hoa cua vat
chét, cac bién d6i cua tirng mo bao trong qué trinh trao doi vat chat, c6 thé nodi ddy méi
1a phan chu yéu cia mon sinh hoa hoc.

Triét hoc Méac Lé-nin di khing dinh rang séng 1a mot hinh ..thtc van dong cua
vat chit Sy van dong do thé hién qua cac dau hiéu chung ma chung ta goi la "hoat
dong so‘hg” nhu sy kich thich, sy sinh san, sy sinh trudng va sy phat duc, tinh di truyén



va bién di... Nhung néu di sau vao ta thay nén tang cia cac hién tugng song ndi trén
van la qué trinh trao doi vat chat.

Nha sinh 1y hoc Nga Sé-tré-ndp (1884) d noi: "Theo ddi dugc duong di cua
nhimg chét tir ngoai dua vao co thé (dudi hinh thirc thire dn, khi tho...), cac budc bién
chuyén cua chiing & cac mé bao, co quan va cudi cing ching duoc dua ra ngoai dudi
dang céac chét thai, 1a chung ta da dién ta dugc lich st su séng".

Nhitng qua trinh chuyén hoa ctia s trao doi vét chit dugc tién hanh trong cac mo
bao, cac co quan ctra co thé. & dong vat co nhiéu co quan lai dugc chuyén mon hoa
cao thém va chuyén trach vé mot hay mot s6 phan tng chuyén hod, vé mat nay sinh
hoé hoc dong con dugc goi 1a sinh hod hoc chirc nang.

Vidu:

- Gan chuyén trach vé tong hop mdt s loai protein, mdt s6 vitamin, khir doc
chat...

- Co ¢6 chirc nang phan hoa glucose dé 1ay nang luong co dan.
- Thén tham gia qua trinh bai tiét uré.
1.2.2. Phwong phap nghién ciru

Pé nghién ciru sinh hoa hoc dong ngudi ta dung nhiéu phuong phap khac nhau,
nhung gdp rit nhiéu kho khin vi cac qua trinh hoa hoc & co thé dién bién véi téc d6 rat
16n va hé théng phan tGng lai vo cung phire tap. Hon thé nira, co thé lai khong phai 1a
noi ma ching ta c6 thé ap dung nhitng thao tac phan tich thd bao.

Pau thé ky XIX nguoi ta dd dung cic phuong phap nhu nghién ciru 1én men
ruou, chiét xuit nghién ciu cin bang Nito, nghién ctru dich tiéu hoa... Tuy két qua
nghién ctru d3 dem lai nhitng phat hién quan trong nhung nhitng phan tng sau kin nhat
vin con la diéu bi an doi véi sinh hod hoc.

Mii cho t&i khi phuong phap nguyén tir danh du ra doi thi hang loat cic phan
g ctia qua trinh trao d6i chit méi duoc kham phé va trinh bay mot cach ¢ hé thong.

Thong qua cac hiéu biét vé su séng do sinh hoa hoc cung cép, ta s€ tro lai tac
dong 1én sy séng mot cach cd hi€u qua hon. Vi du: trong chan nuoi tha y, nhitng kién
thirc vé trao ddi vat chét giup ta to chirc tét hon viéc cham soc va nudi dudng gia sic;
con biét vé sy bat thuong va rdi loan cta chuyén hoa s& gitip ta chan doan chinh xac va
diéu tri hiéu qua nhiéu bénh gia stic. Ngoai ra, sinh hod hoc con gitip ta hiéu sau hon
cac van dé chuyén moén nhu: sinh ly hoc, bénh 1y hoc, ndi khoa, truyén nhiém hoc...

2. VI TRi MON HQOC
Sinh ho4 hoc 14 mén khoa hoc co s& co tinh chit bic cau gitra khoa hoc co ban va

khoa hoc chuyén nganh. Sinh hod hoc, song song vai sinh 1y hoc, s€ gitp ta hiéu sau
hién tugng song cua gia suc.



Vi tri sinh hoa hoc trong khoa hoc chan nudi thu y:

* Poi voi can bo chan nudi: sinh hod hoc c6 mot tim quan trong dac biét. Nho co
kién thirc vé sinh hoa hoc ta s& hiéu dugc co sd hod hoc cua su phat trién cta gia suc;
hiéu duoc nhu ciu cia ting loai gia stc theo ting giai doan phét trién va sinh truong
cua no. Do do trong viéc 1ap ché d6 cham soc, lap khau phﬁn thirc an, hodc trong viéc
chon giéng va lai tao, chong ta sé c6 co s& 1y luan sau sdc va toan dién hon.

* Poi véi can bé thit y: Viée nghién ciru sinh hoa hoc lai cang cp thiét. Mubn
chira bénh tét phai hiéu duoc can bénh, ma nguén géc ctia hau hét cac bénh thuong
gap déu dinh dang dén sy rdi loan hé théng trao doi chat cua co thé. Vi du nhu cac
bénh vé thiéu sinh t5, r6i loan noi tiét t, cac bénh vé duong tiéu hod . . .

3. LICH SU PHAT TRIEN CUA SINH HOA HQC

Sinh hoa hoc 12 moén khoa hoc ¢é nhip do phat trién rit nhanh chong. N6 duoc
hinh thanh 3 rét chi méi trén dudi 100 nam nay, gbc ré cta nd bit ngudn tir cic mon
khoa hoc khac nhu hoa hoc, 1y hoc, y hoc, sinh hoc...

Nhitng mam mdng dau tién cia sinh hoa hoc da dugc hinh thanh khi con nguoi
da biét nghi to1 viée ché thudc men, nhudm vai voc, thudc da thu, U ruou, cit gitr thuc
pham... Pén thé ky XVI - XVII nhém y hoa hoc (tiéu biéu 13 Paraxen) da dé ra viéc
dung céc kién thirc hoa hoc dé giai thich va can thiép vao su sdng. Ho cho rang co thé
gdém chu yéu co thuy ngan, luu huynh va mubi. Néu ty 1é cac chat trong co thé thing
bang thi strc khoé tét néu khong s& phat sinh bénh tat.

Vidu:

- Luu huynh ting s& sinh ra st

- Lwong mudi ting sé& sinh phu thiing va théo da

- Thuy ngan tang s¢ sinh bai liét va u rti.

Tuy nhién 1y luan trén dén bay gio chi con mang tinh chat lich sir, nhung cong
lao ctia nhém y hoa hoc nay di dem lai cho thuc hanh mét s6 thudc thuy ngan, sat,
chi... ¢6 hiu luc. Dang ké nhat 1a nhém nay da dé cap dén men trao ddi chét sinh thé.
Sau d6 do thuyét sinh luc thinh hanh ma thuyét nay bi han ché.

Sang dau thé ky XIX mon hoa hoc téng hop duoc hinh thanh. Nhung viéc tong
hop cac chét ¢ trong co thé sinh vat vin chua thyc hién dugc.

Niam 1828 Vo-le di téng hop duoc uré tir cac chit vo co thi ranh gidi gitra thé
gidi vo co va thé giéi hitu co moi dan dan duogc sang to.

Vo-le di téng hop uré tir xyanua mudn theo so dd sau:



KCN+ O — KOCN
NH,

2 KOCN + (NH,)2S0, — 2 NH,OCN —> Céo ‘
NH,
Uré

Sau Vo-le hang loat cac chit hitu co dugc tong hop. Trong d6 phai ké dén viéc
tong hop hydrat carbon ctia But-le-rép va Fisher, tong hop chét béo cua Bec-to-16.

Nam 1838 Mun-de bat dau c6 nhimg nghién ctru ty my vé hod hoc protein.
Cubi thé ky XIX Fisher va Pa-nhi-lep-ski di dé ra thuyét mach peptid.

Thé ky XIX ciing 14 giai doan phat sinh ctia cac kién thirc vé men, vitamin,
hormon nhu:

+ Kiéc-gdp (1 8 1 4) nghién ctru bién doi tinh bot thanh dudng maltose, tién ra
men amylase.

+ Lu-nin (1 854 - 1 937) x4c dinh vai tro cac vitamin
+ Le-be-dep va Cos-tu-trep nghién ctru hién tuong 1én men

+ Tiép d6 1a cong trinh ciia Pap-16p vé hoa hoc chirc ning. 6ng di nghién ctu
thanh phan hoa hoc ctia dich tiéu hoa va qua trinh tiéu hoa. Pong thoi ong ciing da lam
sang to nhiéu tinh cht cta cac enzym tiéu hod va ching minh vai trd cta hé than kinh
trung wong trong qua trinh trao ddi chét.

Sang dau thé ky XX nhitng .phat hién sau sic cia Ba-kho ( 1 857- 1 946) va
Paladin (1 859- 1 922) vé qua trinh oxy hoa hoan nguyén sinh hoc kém theo hién
tugng giai phong ning lugng da lam sang t6 hang loat van dé, trong d6 c6 van dé vé su
h6 hap mo bao.

Ngay nay, sinh hod hoc da tré thanh mot hé thong d6 s6 gom nhiéu chi nhanh
16n, nghién ctru nhitng chuyén dé trong nhiéu pham vi. Vi du ta thdy ¢ sinh hod hoc
dong vat, sinh hoa hoc thuc vét, sinh hoa hoc vi sinh vat, enzym hoc, sinh hoa hoc di
truyén...



Chuong 1

THANH PHAN HOA HOC CUA TE BAO VA DICH THE O CO THE
DPONG VAT

Thanh phﬁn hod hoc cua té bao va dich thé & co thé dong vat rat phuc tap. Tu thé
ky XVII va XVIII nhiéu nha khoa hoc di nghién ciru thanh phan hoa hoc cua té bao
dong vat Mic du, voi quan diém hoa hoc hién dai thi cac nghién ciru day chua that day
du, nhung ching ciing c¢6 y nghia khoa hoc va thuc tién nhat dinh. Nhitng nghién ctru
nay da ching minh rang trong thanh phan cua té bao dong vat va thuc vat co protein,
lipid, va nhitng chit khac ma c6 thé sir dung cho dinh dudng va cac nhu ciu khac.

Nira cudi thé ky XVIII, Labiaze khi nghién ctru thanh phan nguyén t6 cac chét
chiét xuit tr té bao dong vat va thuc vat, da nhan théy ré“mg ching dugc cAu tao tlr cac
nguyén t6 nhu carbon, hydro, oxy va nhé.

V& sau, v6i cac phuong phap phan tich hod hoc hién dai da chi ra rfmg thanh
phan nguyén t6 cac chat cua co thé 1a rit phtrc tap. Trong thanh phan cua chung con
tim thdy nhiing nguyén t6 khac véi sé lugng rat khac nhau.

Su phtic tap vé thanh phﬁn hoa hoc cua cac té.bao co thé dong vat da dugc cac
nha nghién ctru hod hoc hitu co chirng minh. Ho da tan théy trong té bao dong vat su
c6 mit ctia cac chét hitu co phtrc tap nhu protein, lipid, glucid va sé luong 16n cac chit
c6 ciu tao don gian nhu acid amin, amid, acid béo, cac dang aldchyd, ruou, ke ton,
benzol, pyrol... Bén thé ky XIX, trong thanh phan té bao co thé dong vat nguoi ta da
tim thiy enzym, hormon, vitamin va cac chit c6 hoat tinh sinh hoc cao dong vai tro
quan trong trong trao ddi chat.

1.1. THANH PHAN CAC NGUYEN TO CUA TE BAO CO THE

Trong thanh phéan cac chét cia té bao dong vat da tim thdy gan 60 nguyén t6. Mot
phan cac nguyén t6 nay co ¢ tit ca cac dong vat, ching can thiét dé thyc hién cac chirc
ning séng co ban. Nhitng nguyén to khac chi c6 & mot s6 loai dong vat va nd quan
trong chi d6i v&i cac loai dong vat nhat dinh, thuong ching xuat hién & té bao dong
vat mot cach ngﬁu nhién va sau d6 lai dao thai khoi co thé. ~

Dbi v6i nhom thir nhit bao gdm cic nguyén td: oxy, hydro, carbon, Nito, luu
huynh, phospho, calci, nam, kim, do, ma gié¢, sat, kém, déng, 10d, ma ngan, co ban.

Pbi v6i nhom thir hai bao gém: lui, nhom, ludm, flo, bac, thuy ngan, chi, ni ken,
ban, molibden, vang, bo, than, crom... T4t ca cac nguyén t6 nay duogc tim théy trong co
thé vé6i sb luong rat nho va khong cd & tat ca cac dong vat.

Ham lwong trung binh ciia mot vai nguyén t6 trong co thé déng tat (% so voi
khéi lwong co thé)



Nguyén t6 % Nguyén to %
OXYuoevioiiiann, 62,43 Nam................. 0,080
Cacbon.................. 21,15 Ma gié................ 0,027
Hydpro................... 9,86 lod.................... 0,014
NitO ..o, 3,10 Flo................... 0,009
Canci.................... 1,90 Sait..cvorvieienne. 0,005
Phospho............... 0,95 Kem............... 0,003
Kali....ooovvvvvennn... 0,23 Brom................. 0,002
Luu huynh............ 0,08 Nhom................ 0,001
Clo.....cooveveeaann.. 0,08 Kremni.............. 0,001
Pong........ 0,00015

Qua sd liéu bang trén cho thay: ¢ trong té bao co thé dong vat ham luong chinh
1a oxy, carbon, hydro va nhd. Tir cic nguyén t6 ndy di cau tao nén cac hop chat hitu
co chit yéu cua té bao 1a protein, lipid va glucid.

Nhitng dong vat khac nhau c6 kha.ning tich luy loai nguyén td nay hay loai
nguyén t6 khac trong té bao cta chung. Vi du, mau cia déng vat c6 vl chtra sit, mau
ctia chan khép va thain mém chira dong. Cac té bao ciia co thé dong vat khac nhau
cling ¢6 ndng do cac nguyén t6 khac nhau. Vi dy, iod tap trung chu yéu o té bao tuyén
giap trang, lai & té bao phéi, déng & té bao gan, kém & té bao. sinh duc, thom & té bao
than kinh. .. Ngay nay da khang dinh rang cac nguyén td vi luong trong co thé mic dau
sO lugng rit nho, nhung da tim thay ¢ trong enzym va hormon. Vi du, trong enzym
peroxydase co sit, enzym oxydase c¢6 dong, trong hormon tyrosin ¢6 iod...

Thanh phan cac nguyén t6 cua t€ bao dong vat phu thudc vao loai dong vat, lira
tuodi, di€u kién song...

Ham lwong cdc thuyén té chinh trong co thé mét sé loai dong tat (%)

Nguyén tb Meéo Chugt Ech
Céac bon 20,56 10,77 7,38
Hydro 10,52 10,15 10,28
Nito 3,31 3,21 2,17

Trong thanh phan cac chat con ¢ cac nguyén td phong xa nhu: kim, rubidi, man,



rudi. Kali co y nghia dic biét khi nghién ctru cac tia ~ va 4'. Co thé dong vat c6 kha
ning gitr cac nguyén té phong' xa tir moi truong mot thoi gian v6i ham lugng nho.

1.2. CAC HQP CHAT VO CO VA HU'U CO TRONG CO THE PONG VAT

Céc nguyén td o trong co thé dudi dang cac hop chit vo co va hitu co v6i mirc do
phuec tap khac nhau.

Nhom chit thir nhat: protein, glucid, lipid, lipoid, nuéc va mudi vo co ludn ludén
c6 trong thanh phan té bao dong vat.

Nhom chét tht hai: amoniac, CO,, u ré, acid uric, creatin, glycerin va céc chét
khac 13 cac san pham phan giai cia nhom chat thir nhat hay san pham ctia qua trinh
tong hop.

Nhom chét thr ba 1a cic chit c6 hoat tinh sinh hoc nhu enzym, hormon,
vitamin...

Mot trong nhiing lién két nay trong té bao 1a & dang phan tir hoa tan, dang th{r hai
la dang ton va dang thtr ba 1a trang thai keo.

Két qua cua su lién két cac chit v6i nhau ciia ba nhom chét nay s& tao thanh vo
s6 céac phirc chét c6 thanh phan phc tap.

Ty 1€ phﬁn tram cac chat co ban & mot sd té bao dong vat duoc thé hién & bang

sau:
Bing thanh phin hod hoc ¢ mgt sé té bao chinh ciia co thé dpng vit cé vit (%)
Té bao .

co Mau Gan Nao Da xuwong
Nuéc 72-78 79 60-80 78 66 20-25
Vit chit kho 22-28 21 20-40 22 34 75-80
Protein 18-20 9,0 15 8,0 23 26
Lipid va lipoid 3,0 1,0 3-20 12-15 7,.0 Rt it
Lucid 0.6 0,1 1-15 0,1 Co Co
Chat hiru co 1,0 0,14 Nhiéu 1,0-2,0 Co RAt it
Chéat v6 co 1,0 0,9 Khéng co 1,0 06 45

1.3. NUOC TRONG CO THE PONG VAT

Nudc trong co thé dong vat ndng nghiép chiém trung binh khoang 2/3 khéi luong
co thé. Ham luong nudce giam dan theo ltra tudi. Sy phan bd nudc trong té bao ciing
khac nhau. C6 loai té bao chiém t6i 80% hodc 16n hon, nhung c6 loai té bao chi c6 1



0% hoic it hon. Mot phan nudc trong co thé nam & trang thai tw do, nhung phan 16n &
trang thai lién' két. Protein va mot s6 hop chat khac cua co thé ton tai & trang thai keo.
Nudc trong cac hé thdng keo & dang hydrat, mu61 hodc lién quan voi luc truong
phong. Loai lién két ndy clia nude rat quan trong doi véi dic tinh cta no trong té bao
dong vat.

Su hiéu biét vé qué trinh lién két va bai tiét nudc do cac té bao cia co thé co y
nghia rat I16n trong viéc nghién ctru su trao do1 nudc & dong vat.

Bing Ty I¢ nwéc trong té bao dong vit

Té bao Ty 1é Té bao Ty 1é
Réang 10 Chat tring ctia ndo 70
Xuong 22 Tuy sbng 69
Té bao m& 30 Da 72
Té bao gan 49 Co 76
Té bao sun 55 Lach 76
Gan 74 Phoi 78
Té bao md lién két 79 Mau 79
tim 79 Bach huyét 95
Than 83 Dich da day 97
Chét xam cua ndo 85 Nudc bot 99




Chuong 2
PROTEIN
2.1. PAI CUONG VE PROTEIN
2.1.1. Tén goi

Protein theo tiéng Hy Lap "Protos" - c6 nghia 1a dau tién, quan trong nhat, diéu
d6 cho chung ta thiy duogc vai tro quan trong bac nhat cia protein ddi véi cude sdng.

2.1.2. Dinh nghia protein
Nguoi ta thuong dinh nghia protein theo hai quan diém:
2.1.2.1. Theo quan diém hod hoc

Cac nha hoa hoc can cur vao thanh phﬁn va céu tao hoa hoc cua protein dé dinh
nghia. Ho cho ring protein 1a nhém chat hitu co 16n v6i hai dic diém dang chu ¥ l1a:

- Phan tir ¢6 chira Nito (azbt)

- Trong lwong phan tir rat cao.

C6 thé noi rang: Protein 14 chat tring phan cao phan tir cia cic acid amin.

2.1.2.2. Theo quan diém sinh vdt hoc

Céac nha sinh vat hoc lai dya Vao giad tr1 dinh dudng va tam quan trong cua
protein ddi v6i su song dé dinh nghia. Theo quan diém sinh vat hoc thi protein la chdt
mang sw song. Piéu ndy duoc dng-ghen phat trién rat ranh mach trong tac pham noi
tiéng "Chéng DAy rinh va "Phép bién chimg ty nhién". in ghen viét:

"... Su song 1a phuong thirc ton tai ctia cac thé protein, ban chét ciia nd bao ham
trong hién tuong ludn ludn tu tai tao nhitng cdu trac hod hoc cia nhimng thé ay". 6ng
viét tiép: "Bat clr noi nao c6 hién twong séng chung ta déu thdy né di lién véi thé
protein va bat ¢t noi nao cé protein khong ¢ qua trinh tan rd, chung ta bt budc phai
gip hién tugng song", "Ngay nhitng sinh vat ha dang nhat ma chung ta biét, ban than
cling da la mdt hat protein".

Noi dung dinh nghia vé su séng cta an ghen:

- Su sbng 1a phuong thirc ton tai cua protein. Protein & day 13 mot co thé hoan
chinh ¢6 t6 chire, chi khong phai 1a mdt loai protein riéng biét nao do.

- Thé protein & ddy chira dung ca 16p nucleoprotein.

- N1 dung chinh cta sy van dong séng 13 su trao d6i chat, su tu thay cii ddi méi
cac nguyén t6 hoa hoc ma hién tuong nay khong thé cé trong mot chat vo sinh. Bbn
biéu hién cu thé cua su séng la:

+ C6 kha nang van dong va dép nhan kich thich bén ngoai



+ C6 kha nang sinh trudng, phat trién va sinh san
+ C6 kha ning di truyén va bién di
+ C6 kha ning trao ddi vat chat véi moi trudong bén ngoai

Trong tat ca 4 biéu hién trén thi biéu hién thir tu cia su séng la quan trong nhat.
Boi vi ¢ trao ddi vat chat thi co thé méi ¢ kha ning van dong va dap Gmg duogc cac
kich thich, méi c6 kha ning sinh truong, phat trién, sinh san va méi c6 kha ning di
truyén, bién dji duoc.

2.1.3. Cac nguyén 10 hod hoc ciia protein

Qua phan tich hoa hoc ngudi ta xac dinh duoc trong protein c6 cac nguyén t6 sau
day (tinh theo % vat chat kho):

-Cacbon:...........cooeee 50,6 - 54,5

S 0) 4SS 21,5-235

- Hydro:....ooovveiee, 6,5-73

A\ 110 R 15,0 - 17,6 (trung binh 16%)
- Luu huynh:..................... 0,3-2.,5

- Phospho:......cccoveeeneennns 1,0-2,0

Nhan thay rang Nito luén ludn cé trong protein & mot lugng it thay doi, trén dudi
1 6% . Trong thuc hanh ty 1€ nay dugc dung vao viéc dinh lugng protein (phuong phap
Kjeldahl).
(N téng s6 - N phi protein)

Nprotein = x 100 = (N téng.s6-N phi protein) x 6,25
16

s6 luong protein = S6 lugng N x 6,25 g.
(¢ day 6,25 g protein twong tng vai lo Nito).

Ciing do ndo 1a nguyén té thuong truc ciia protein nén trong ngdn ngir thudng
ngay ngudi ta dung chir "DAM" hiéu ngam 1 protein.

Ngoai cic nguyén t6 hoa hoc ké trén, trong thanh phan protein con c6 cic nguyén
t6 vi luong va cac nguyén to siéu vi luong. Mic dau sd lugng cac nguyén to d6 trong
protein rat thip (khoang 0,3.10°%) nhung chung déng vai trd quan trong trong qué
trinh hoat dong séng cua dong vat, dic biét 1a trong thanh phan cta enzym va hormon.

Vidu:
Tod c6 trong tuyén giap trang

Lai c6 & md phoi



Péng c6 ¢ tuyén gan
K&m c6 & tuyén sinh duc...
2.1.4. Vai tro sinh hoc ciia protein

protein giit vai tro rit quan trong trong tat ca cic qud trinh sinh hoc. y nghia dang
ké nhét cua ching dugc thé hién qua cac vai trd cha yéu sau déy:

Vai tro tao hinh

Ngoai cac protein 1am nhiém vu ciu tric nhu vé virus, mang té bao, ta con gip
nhiing protein thuong cé dang soi nhu: fibroin cta to tam, nhén; collagen, elastin cta
mo lién két, md xuong... Cac chat nay co tic dung tao hinh dam bao do bén va tinh
mém déo ctia cac mo lién két.

Vai tro xuc tac

Hau hét cac phan Gmg sinh hoa hoc xay ra trong co thé déu do cac protein dic
biét dong vai tro xtic tac. Nhitng protein nay duoc goi 13 enzym. Mic dau gin day
nguoi ta da phat hién dugc mot loai ARN c6 kha ndng xtic tic qué trinh chuyén hoa
tién ARN théng tin (pro-m ARN) thanh ARN thong tin im ARN), nghia 14 enzym
khong nhét thiét phai 1a protein. Tuy nhién, hdu hét cac phan mg xdy ra trong co thé
song déu dugc xlc tic boi cac enzym c6 ban chat protein. Vi vy, ngudi ta thuong
dinh nghia enzym la nhiing protein c6 kha nang xuc tac dac biét cho cac phan ung sinh
hoa hoc.

Vai tro bdo vé

Protein ¢6 churc nang chéng lai bénh tat bao vé co thé. D6 1a cac protein tham gia
vao hé théng mién dich. Pic biét nhiéu loai protein thuc hién cac chirc nang riéng biét
tao nén hiéu qua mién dich dic hiéu va khong dac hi¢u. Cac protein mién dich dugc
nhac dén nhiéu nhat 1a cac khang thé, bd thé va cac cytokine. Ngoai ra, mot sb protein
con tham gia vao qua trinh déng mau dé chéng mat mau cho co thé. Mot sb loai ¢ thé
san xuat ra nhitng doc t6 co ban chét protein nhu enzym noc rin, lectin... ¢6 kha ning
tidu di¢t ké thu dé bao vé co thé.

Vai tro vin chuyén

Trong co thé dong vat c6 nhimng protein .1am nhiém vu van chuyén nhu
hemoglobin, mioglobin, hemocyanin van chuyén 0,, CO, va H" di khép cac mo bao,
céc co quan trong co thé. Ngoai ra, con c6 nhiéu protein khac nhu lipoprotein van
chuyén lipid, seruloplasmin van chuyén dong (Cu) trong mau. Mot trong nhiing
protein lam nhiém vu van chuyén duoc nhic dén nhiéu nhat dé la hemoglobin.

Vai tro vin dong

Nhi€u protein lam nhi€ém vy van dong co rit nhu miosin va actin cua sgi1 co,
chuyén dich vi tri ctia nhiém sac thé trong qua trinh phan bao...



Vai tro du triv va dinh duong

Céc protein lam nhi¢ém vu du trit nhu casein cuia sira, ovalbumin cua trung, feritin
cua lach (du trir sit). . . Cac protein du trit nay chinh 1a ngudn cung cdp dinh dudng
quan trong cho céc to chirc mé, phdi phat trién.

Vai tro dén truyén tin higu thin kinh

Nhiéu loai protein tham gia vao qua trinh dan truyén tin hiéu than linh d6i véi
céc kich thich dic hiéu sic td thi giac rodopsin & vong mac mat.

Vai tro diéu hoa

Nhiéu protein cé kha ning diéu hoa qua trinh trao doi chét thong qua viée tac
dong lén bd may thong tin di truyén nhu cac hormon, cac protein e ché dic hiéu
enzym... Vi du dién hinh 13 cac protein repressor ¢ vi khuan c6 thé 1am ngimg qua
trinh sinh tong hop enzym tir cac dén twong tng.

Vai tro cung cdp nang lwong

Protein 14 ngudn cung cdp niang lugng cho co thé sdng. Khi thuy phéan protein,
san pham tao thanh 14 cac acid amin, tir d6 tiép tuc tao thanh hang loat cac san phim
khac trong d6 co cac cetoacid, aldchyd va acid carboxylic. Cac chit nay déu bi oxy
hoa dan tao thanh CON va H2o, dong thoi giai phong ra ning luong.

2.2. CAU TAO HOA HQOC CUA PROTEIN

2.2.1. Acid amin - don vi co ban cdu tao nén phan tir protein

Vao dau thé ky XIX (thoi ky ctia nha hoa hoc Ha Lan Mulder) ngudi ta chua
phan biét duoc protein cta dong vat va thuc vat. Ngudi ta tuong rang protein 1a dong
nhét, chi khac nhau vé sb luong & céac sinh vat.

Mai cho t6i nam 1820 1an dau tién Bracono di dung kiém va acid dic dé thuy
phan protein ¢ nhi¢t do cao (100 - 12000) Va di thu duoc Céc acid amin dau tién, trong
d6 o tinh thé glycocol.

Nam 1871 Lubavin dé cho thiy rang protein dudi tic dung cua cac dich tiéu hoa
phan tich thanh cac acid amin.

Pic biét cong trinh cta Fisher (1901 - 1902) di c¢6 ¥ nghia quan trong vé viéc
nghién ctru ban chit hoa hoc cua protein.

Tat ca cc cong trinh nghién ctru trén di cho ching ta thiy rang: thanh phan phan
tur cua protein la cac acid amin.

Ngay nay, nguoi ta da tim thay hon 200 acid amin khac nhau, nhung trong thanh
phan cia protein ty nhién thuong c6 20 loai acid amin.

2.2.1.1. Dinh nghia acid amin

Acid quan 13 mét acid hitu co, ma trong d6 mot nguyén tir hydro ctia gbc carbon



alfa (Ca) duoc thay thé boi nhém quan (NH2)

R -CH-COOH R-CH-COOH
| |
H NH,

(Acid hiru co) (Acid amin)

Néu trong mdt acid amin c6 hai nhém quan thi nhém quan thir 2 nam & vi tri
carbon cudi cung ké tir nhom carboxyl (COOH).

Vi du:
CH, - CH, - CH, - CH, - CH - COOH
NE, NE,
(Acid amin diamin- Lysin)
2.2.1.2. Hoat tinh quang hoc cua acid amin

Chi trir glycin trong phan tir chat nay khong c6 nguyén tir carbon bt ddi, con tat
ca cac acid amin con lai déu c6 it nhat mot nguyén tir carbon bat dbi (tirc 1a bon hoa tri
ctia n6 duoc bdo hoa boi bén nhém nguyén tir khac nhau - ky hiéu C*), do d6 ching
déu c6 kha niang lam quay mit phang phin cuc cua anh sang, nghia 1a ching déu 1a
nhimg chat hoat quang.

Tt ca cac acid amin c6 trong thanh phan protein déu c6 cau hinh L & nguyén tr
carbon a, cac acid amin c6 cau hinh D rat ir gap trong thién nhién.

Chit L cho ta biét cdu Iluul cua phan tir chtr khong cho ta biét huéng goc quay
ctia mit phang phan cuc .

- Céc dong phan hitu tuyén (Iam quay mit phang phan cyc sang phai) duoc ky
hiéu bang dau (+)

- C4c dong phan ta tuyén (1am quay mat phang phan cuc sang trai) duoc ky hiéu
bang dau (-)

Nguoi ta qui wéc rang d6i voi glucid, chat aldehyd D-glyceric dugc chon lam
chét tiéu chuan dé so sanh, con ddi voi acid amin L-serin dugc chon lam chét tiéu

chuan.
COCH COCH
H2N-£IZ'-H H-IC-NHz
CH,CH ICHzOH
L - Serin D- Serin

Da s6 céac acid amin day D déu cd vi ngot, con cac acid quan thién nhién thudc



day L - thi déu c6 vi dang hoic khong vi.

Céc acid amin téng hop déu 13 nhitng RAXEMAT khéng c6 tinh hoat quang,
nghia 1a mot hon hop cung phan tir cia dang D va dang L.

2.2.1.3. Cac phan ung hod hoc dac trung cua acid amin * Phan ung voi acid va
bazo tao thanh mudi

R - CH - COO R - CH - COOH
: + HCl — |
NH,* NH,* CI
(Muéi clorua)
R - CH - COOr R-FH-COONa
|
+ NaOH —»> + H,0
NH,' : NH, ?
(Muéi natri)

tmg dung: Do tinh chat ludng tinh nén acid quan 1a nhimg chit dém tbt, 6n dinh
do pa.

* Phan ung voi acid Nito (hay la phan ung Van-slyke)

Trir thodn va oxyprolin (hai chit nay 1a iminoacid) cac acid amin déu phan tng
v6i lem nao dé giai phong khi Nito:

R - CH - COOH R - CH - COOH
I —_— |
(Oxyacid)

tmg dyng: Can ctr vao luong nho thoat ra nguoi ta co thé tinh duoc ham luong
cua icid quan trong dung dich.

* Phan ung Sorensen (phan vung voi Aldehydformtc -formalin)
H H H

R-C-COO" + C __, R-C-COOH +H0
| I |
NH,* o) N =CH,

(Acid amin) (Formalin) (Hop chét Vinyl ciia acid amin)
g dung: Bang cach chuan d6 véi dung dich kiém tiéu chuan nguoi ta c6 thé xac
dinh dugc ham lugng acid amin c6 trong dung dich.
* Phan ung voi kim logi nang

Acid amin tao thanh cac muoi phtrc ndi phan tir véi cac chudn cia kim loai nang,
dac biét 1a vo1 con Cu2+.



CO0 _NH
COOH OO

R-CH +Cu* > R-CH Cu_ CH -R
| | ol \'
NH, HN - ooC

(Phiic chét Biuré ¢6 mau d6 tim)
* Phan ung Sanger

Pay 13 mot phuong phap phd bién nhit dung dé xac dinh acid amin trong mach
polvpen~id tir ddu N.

Khi nghién ctru tinh chat hoa hoc cua acid quan ta da thdy rd nhom a-amin c6 thé
trung hop véi duutronuobenzen. Trong mach polypeptid chi c6 mdt nhém a-amin ty
do. & dau N, khi trung hop s& tao thanh dinitrophenyl-polypeptid. Mbi lién hé nay rat
bén vitng, do d6 khi ding HCI dé thiy phan protein s& giai phong ra tat ca cac acid
nhin ty do cung véi acid amin. nam & dau N dudi dang dinitrophenyl-aminoacid
(DNP-aminoacid). Sau d6 bang phuong phap sic ky co thé dé dang nhan biét tén cua
acid amin do.

* Phan ung mau voi ninhydrin (trixetohydrinden)

Khi dun néng céc acid D- quan véi ninhydrin, néu mdi truong pH < 5 thi chiing
s€ b1 oxy hod va phan giai thanh aldchyd twong g, CO2 va NH3

0
_OH +H,0 //O
C +R-CH-COOH -—» R-C +NH,;+CO, +| _COH
C “OH m \ C__
Il H C H
° :
(Dicetooxyhydrinden)

Néu pH > 5 thi s& sinh hop chat mau luc.

Nguoi ta ¢ thé tinh dwge ham luwong acid amin tham gia trong phan tng béang
cach dinh luong khi CO,, NH; hodc aldehyd vira tao thanh trong phan ung.

Phan tng cua acid amin v6i ninhydrin dugce str dung nhiéu dé dinh tinh va dinh
luong acid amin, dic biét 1a phuong phap sac ky trén gidy va sic ky trén cot nhua trao
ddi 16n nho may phan tich acid amin ty dong do Spackman, Stein va Moose deé xuong.
Phén tng nay rat nhay, c6 thé cho phép ta xac dinh duoc cac acid amin c6 ndng do rat
nho (vai microgam).

2.2.1.4. Phan loai cac acid amin

Co nhiéu cach dé phan loai acid amin. Céc acid amin c6 thé phan loai theo hai
quan diém: Quan diém hod hoc va quan diém sinh vat hoc

* Quan diem hoa hoc (tic 1a x€ét vé madt cau tao phan tir va cac hoa tinh), nguoi ta
thuong chia acid amin ra:



- Acid amin mach thrflng: Trong acid amin mach thflng phu thudc vao sb luong
nhom quan (NH2) va nhém carboxyl (COOH) ma lai chia ra:

+ Acid monoamin- monocarboxylic (chta 1 nhém NH, va 1 nhém COOH)
+ Acid monoamin- dicarboxylic (chtra 1 nhom NH, va 2 nhom COOH)

+ Acid diamin- monocarboxylic (chira 2 nhém NH, va 1 nhém COOH)

- Acid amin mach vong: gdm loai vong dong nhét va loai di vong.

* Quan diém sinh vdt hoc (tic 13 xét tAm quan trong ddi véi sy dinh dudng cia
dong vat). Theo quan diém nay, acid amin gdm hai loai:

- Loai khong thay thém duwoc (indispensable amino acid) hay con goi 1a acid amin
thiét yéu (essential amino acid - EAA): Day 1a loai acid amin rat can thiét cho co thé
dong vat dé cho qua trinh sinh truéng va phat trién. Co thé dong vat khong thé tu tong
hop dugc dé thoa man nhu ciu cua ban than ma phai thudng xuyén dua tir bén ngoai
vao voi thue an

DPéi véi dong vat noi chung c6 9 acid amin khong thay thé dugc: Vang, leucin,
1soleucin, treo nin, methionin, phenylalanin, tryptophan, ly sin, histidin.

Loai thay thé dwoc (dispensable amino acid) hay con goi 13 acid amin khong thiét
yéu (nonessential amino acid - NEAA): tirc 1a loai acid amin ma co thé dong vat co thé
tur tong hop duogc tir cic nguyén liu sin c6 (cac acid béo, amiac, amid...). Nhom nay
gdm cac acid amin con lai.

Can phai cha ¥ thém ring khong phai moi acid amin déu c6 tac dung v~i anh
hudng nhu nhau ddi véi cac loai dong vat ma mdi gia sc, gia cAm c6 nhitng nhu cau
dac trung cua minh ddi voi tung loai acid amin. C6 loai dong vat can téi 10 acid amin
khong thay thé (vi du nhu dbi v6i ga con thi arginin 1a acid tin khong thay thé), nhung
c6 loai dong vat lai chi can 8 acid amin khong thay thé (vi du nhu ngudi thi histidin
dugc xép vao nhom acid amin thay thé).

Mot s6 acid amin khong duoc xép vao nhom khong thé thay thé hay nhém thay
thé ma ching dugc xép vao nhom ban thay thé (sim- dispensable) hay con goi 1 ban
thiét yéu (semi-essential). Thudc nhém ndy co6 arginin, cystein, tyrosin. Arginin dugc
coi 12 ban thay thé dbi véi lon vi arginin c6 thé duge tong hop tir glutamin. Tuy vay,
su tong hop nay khong du dap umg nhu cu dinh dudng trong giai doan dau cta qua
trinh phat trién co thé. Do d6 khau phan cho lon sinh truéng phai chira mot luong
arginin nhat dinh. Nhiéu nghién ctru cho thiy & giai doan sau khi thanh thyc vé tinh va
giai doan mang thai lon c6 thé tmg hop arginin vé6i s6 lugng dii dap (mg nhu cau cta
chung, nhung khong du dé dap Gmg nhu ciu tiét sita cta lon nai. Cystein c6 thé duoc
tong hop tir methionin. Tuy vdy, cystein va dang oxy hod cia no 1a cystin co thé dap
tmg khoang 50% nhu ciu cua tong lugng acid amin chtra luu huynh (methionin,
cystein). Tyrosin dugc tong hop tir phenylalanin va ¢ thé dap tmg ti thiéu 50% tong



nhu ciu ctia tyrosin va phenylalanin, nhung né khong thé 1a nguén duy nhat va khong
thé thay thé cho phenylalanin vi n6 khong thé chuyén dugc thanh phenylalanin.

2.2.1.5. Cac loai acid amin

C6 20 loai acid amin tham gia vao cau truc cia mo bao can cr vao nhém quan va
nhom carboxyl trong phén tr ma acid amin chia ra:

Céc acid amin mach thang:



* Acid monoamin- monocarboxylic:

1- Glycin (gly)

2- Alanin (ala)
3- Serin (ser) *

4- Cystein (cys)

5- Cystin

6- Methionin (met)
7- Treonin (tre)

8- Valin (val)

9- Leucin (leu)

10- Isoleucin (Ileu)

11- Norleucin

(|IHZ - COCH
NH,

CH,- CH - COOH
I
NH,

CH,OH - CH - COOH
L]Hz

CH, - CH - COOH

 tm,

CH, - CH - COOH

—_— N —D—

CH, - CH ~ COOH
CH, - CH, - CH - COOH
Som
CH, - CH - CH - COOH

OH NH,
H,C

™ CH- CH - COOH
H;C/ NH,
H,C

CH - CH, - CH - COOH
H,C/' Lmz

H,C

™ CH- CH - COOH
H,C - H,C f\mz
CH, - CH, - CH, - CH, - CH - COOH

|
NH,



* Acid monoamin- dicarboxylic
12- Acid aspartic (asp) COOH - CH, - (IZH - COOH
NH,

13- Acid glutamic (glu) COOH - CH, - CH, - CH - COOH
I

NI{Z
* Acid diamin monécarboxylic
14- Lysin (lys) CH, - CH, - CH, - CH, - CH - COOH
NE, N,
15- Arginin (arg) NH=C-NH-CH, - CH, - CH, - CH - COOH
ke, N,

* Cdc acid amin mach vong

16- Phenylalanin (phe)
@ CH, - CH - COOH
NH,
17- Tyrosin (tyr)
HO@— CH, - (IIH - COOH
NH,

18- Tryptophan (try)

NH
19- Histidin (his) CH, - CH - COOH
[T
NH
20- Prolin (pro) H,C——CH, '
HC._ CH-COOH
NH

2.2.2. Két céu ciia cdc acid amin trong phén tir protein
(Céc kiéu trén két cua acid amin trong phan tir protein)

Dung phuong phap thiy phan ngudi ta da tim ra duoc don vi ciu tao cla protein
1a acid amin. Trong phén tir protein sb luong acid amin thudng rat 1on, cho nén ta can
nghién ctru xem chung lién két véi nhau nhu thé nao.

2.2.2.1. Céu triic bdc mét ciia protein - lién két peptid (-CO - NH-)



Cubi thé ky XIX nha sinh hoa hoc Nga Da-nhi-lep-ski da dé ra gia thuyét rang
cac acid amin lién két v6i nhau nhd bén két gitta nhom carboxyl va nhém quan (- Co -
NH -) goi 1a mach peptid. 6ng dé ra thuyét nay khi nghién ctru phan tGng Biuré ¢ cac
dang protein.

— T EREP T
NH H,N C=N -
I 2 Bun 2 \/ C=0 + Cuso / \
2C=0—NH; + HN ———+ 2Na'| HN Cu NH
| N + NaOH \ /\ /
NH, £=0 C-N N=C
H.N [
2 | O H H O _
(Ure) (Biure) (Phic chit c6 mau tim)

Gia thuyét cua Panhilepski ngay sau d6 da duoc nha sinh hoa hoc nguoi Pic 1a
Fisher xac minh bang thuc nghiém. Fisher d3 tach riéng va nghién ctru ty my 19 acid
amin va da thtr tong hop céac peptid theo kiéu phan tng sau day:

Dung dan xuét cloranhydric cia mot acid béo nao d6 cho tac dung véi acid quan

ta s€ dugc mdt hop chét trung gian. Pem no6 cho tac dung véi amiac ta s€ thu dugc mot
dipeptid :

(l?HzCI ?Hs e (|3Ha

c*© + CHNH, — CO-NH-CH  +HQ
N a (ISOOH : COOH

Cloranhydric Alanin Cloracetylalanin

CH,Cl CH, CH,NH, CH,

I I | |

CO-NH-CH +2NH; —» CO—NH—‘CH + NH,Cl
I
COOH COOH

Glycylalanin
Dung phan tmg nay dé nhan dai chudi peptid

Nguoi ta thay tinh chit cua cac peptid tong hop dugc gidng tinh chat cia san
pham thuy phén protein chua triét dé. Trong thuc hanh ngudi ta goi peptid thuy phan
dugc 1a pepton hodc albumose.

Do d6 ta c6 thé nodi: Co sé cdu trac bic mot ciia protein 1a mach peptid (- Co -
NH -), mach duoc hinh thanh giita nhém carboxyl cta acid amin thir nhat v6i nhém
quan cta acid quan tiép theo sau khi loai khu di mot phan tir nuée. Dy 1a lién két
dong hoa tri nén no rat bén ving.



R, IRz llig R,
| |
CH CH CH CH
/\ / \\ / \ /\
H,N COOH HHN COOH HHN COOH...HHN COOH
iRl R, R, R,
| [ |
S CH CH CH CH
/7 \ /' \ \

VAN
HN CO-HN CO-HN CO...HN COOH

Nho phuong phap nghién ciru tinh thé bang quang tuyén Ron-ghen ngudi ta thay
nhitng mach peptid & ciu trac bac mot c6 hinh thé va kich thude theo so dd sau:

I T
|
C CH N C CH
. N ~
FH /1 40 1|\I / \IC / \CH / \N /
| |
R H 0 R H
7.23A°

Tuy thudc vao sb lugng acid quan ta co dipeptid, tripeptid, tetrapeptid... va
polypeptid. Tén goi nhiing peptid don gian dua theo tén cua acid amin hop thanh,
nhimg chét c6 - Co - déu bién dudi -in thanh -yl chit sau cung c6 - COOH thi giir
nguyén tén. Vi du: glycyl- alanin.

Tinh ddc trung cua protein khong nhitng phu thudc vao so6 luong ma con phu
thudc vao thur tu sdp x€p cua cac acid amin trong chuodi peptid. Moi protein cd sO
lugng va thir ty sap x€p cac acid amin riéng va nhu vay né co6 chuc nang riéng.

Néu c6 3 acid amin A, B va C ta c6 thé sap xép thanh 6 peptid khac nhau ABC,
ACB, BaC, BCA, CAB,CBA, conghiala1l.2.3=6

Qui tic chung lapH : 1. 2. 3...... n=n
Néu ¢6 20 acid quén ta dugc con s peptid gdbm 19 chit s sau:
2.432.902.008.176.640.000

Céu trac bac mot cia protein 14 yéu té di truyén hét sirc 6n dinh. Mdi t6 hop ¢
thir tu sdp xép acid amin khac nhau, chi cAn mot acid amin nao d6 trong t6 hop khac di
thi tinh chat vat 1y, hoa hoc va sinh hgc cua protein khéc di rat xa.

Ta lay mot vai thi du vé cau truc bac mdt cua protein

* Hong cau cua ngudi cd 600 - 640 acid amin. Khi tht tu cia vlin va acid
glutamic & vi tri th 6 va 7 d6i chd cho nhau d 1am cho hong ciu tir hinh tron bién
thanh hinh ludi 1iém (ma hong cau hinh ludi 1liém 13 mot bénh di truyén va 1a nguyén



nhan giy ra thoai hoa giéng).

* Phan tir insulin 13 mot polypetid bao gém 5 1 acid amin chudi A c6 2 1 gbc
acid quan va chudi B ¢6 30 gbc acid amin. Hai chudi nbi véi nhau béi 2 cau disulfit:
cau thr nhat gitta gbc cystein & vi tri 20 ctia chudi A va vi tri 19 ctia chudi B; cau thir

hai gifta goc cystein & vi tu thir 7 ctia ca 2 chudi.

O céc dong vat khac nhau, ching chi khac nhau & acid amin tha 8, 9, 10.

8 9 10
Bo Alanin Serin Valin
Lon Treonin Serin Isoleucin
Cuu Alanin Glycin Valin

* Ocytocin va vasopressin 1a hai loai hormon cua thuy sau tuyén yén, chiung déu
c0 9 acid amin, nhung sap x&p chi khac nhau & vi tri s6 3 va so 8.

1 2 3 4 5 6 7 8 9
Ocytocin  Cys-Tyr- Ile - Glu- Asp-Cys - Pro - Len - Gly
Varopressin Cys - Tyr - Phe - Glu - Asp - Cys - Pro - Arg - Gly

Ocytocin c¢6 tdc dung lam tang co bop co tron tir cung, con vasopressin lam tang
huyét ap dong mach, chéng loi tiéu.

Viéc phat hién ra cAu tric bic mot cua cac protein 1a mot thanh tyu rat 1én trong
hoa hoc protein. N6 1a ciu trac quan trong nhit, quyét dinh hinh dang va hoat tinh sinh
hoc cua cac protein khac nhau. Tinh muén hinh muén vé cia protein trudc hét 1a dic
tinh sinh hoc phu thudc vao cAu truc bac mot. Hién tuong dac trung sinh hoc chinh la
su khac nhau vé cau triic va chirc nang cua protein va 1a nguyén do cta tinh dic trung,
dic thu cua sinh vat, tic 13 khac nhau vé loai, giéng, tung ca thé va cac bod phén trong
ting c4 thé

Qua trinh di truyén ¢ sinh vat chinh 1a hién tugong truyén dat lai cho doi sau ciu
truc bac mot cua protein dac thu cua loai giéng.

CAu trc cia protein dugc ma hoa qua thiét ké ma di truyén & acid nucleic.
2.2.2.2. Céu triic bdc hai ciia protem - lién két hydrogen

Lién két hydrogen dugc phat hién nho phuong phap quang phd (phan hdng ngoai
bi mach nay hép phu).

Lién két hydrogen thuong xuat hién trong nhitng hop chat cé hién tugng phan
cuc 10 rét trong phan tir.

Vi du ¢ nudc, do sy phan cuc ma ¢ nguyén tir oxy c6 dién tich am du va & hydro
c6 dién tich duong du. Khi hai phan tir nuéc nam gén nhau dén mot mirc d6 nhat dinh,
giita cac dién tich du ddi du cua chung s& xay ra lién két phu, goi 1a lién két



hydrogen. Péc tinh cuia lién két nay la khong ¢d dinh ma c6 tinh linh dong, luc lién két
ctia nd yéu gip 10 - 12 1an so véi lién két déng hoa tri.
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Trén mit phang c6 thé biéu dién lién két hydrogen do cac nhom - Co - NH - ciia
hai chudi pedtid nhur sau:
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Dua vao sb liéu vé kich thudc phan tir va goc tao nén boi cac ge acid amin,
nguoi ta cho rang chudi peptid trong protein ty nhién thudng cudn theo hinh xoén dc.
C6 nhiéu kiéu xodn ¢ nhu o, B, v... Nhung loai xodn 6¢ kiéu a (alfa) duoc nhiéu
ngudi cho 1a gan chan 1y nhat. Pic diém cia loai nay 1a mach hydrogen giita cac lién
két peptid chiém sb dong, tao cho xodn dc thé 6n dinh nhit va nhitng nguyén tir sinh
lién két peptid - CO - NH - déu nam trong mot mit phang.

- Nhiéu protein cua co, mau, cac mo mém chira cic doan xoin chudi peptid cudn
lai theo hinh 16 xo, tao thanh nhiing buédc xodn. Buéc xodn chira 3,7 gbc acid amin.

- Dang gip nép P 1a cdu tric bac hai dic trung cho nhiéu protein dang soi nhu
keratin ¢ 10ng, sing, mong.

Lién két hydrogen giit vi tri ddc biét quan trong trong tinh co dong, linh hoat ciia

cac phéan tir sinh hoc, cta protein cling nhu mé bao. Chinh cau trac bac hai da lam cho
phan tir protein mém déo c6 thé dan hoi dugc.

va
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Mic du cau tric protein duoc clng cd rat nhiéu bang lién két hydrogen, nhung
céc thi nghiém vé hoa 1y cho thiy rang cdu tao vong xoan dc trong dung dich khong du
bén va s& bi bung ra thanh chudi néi. Diéu nay dua dén viéc dé ra cau trac bac ba véi
nhiéu loai lién két co tic dung 6n dinh dang ké nhitng mi xen protein dang cau.

2.2.2.3. Céu triic bdc ba ciia protein - lién két disulfid (-S - S-)

Céu tric bac ba 1a dang khong gian ctia cdu trac bac hai, lam cho phan tir protein
co6 hinh dang gon hon trong khong gian. Sy thu gon nhu vay gitip cho phan tir protein
6n dinh trong méi trudng song.

Co s& clia cAu triic bac ba 1a lién két disulfid. Lién két dugc hinh thanh tir hai

phan tir cystein ndm xa nhau trén mach peptid nhung gan nhau trong cdu tric khong
gian do su cudn lai cia mach oevtid. Pay la lién két déng hod trj nén rat bén viing.

CH,-S H H; S-CH,
(|;H CH-CO-NH-
HZN/ \CO-NH 901'\111
CH - CO ... NH - CH
R R

CAu tric bac 3 da tao nén trung tdm hoat dong cua phﬁn 16n cac loai enzym. Su
thay ddi cdu tric bac ba dan dén sy thay ddi huéng xic tac cliia enzym hodc mat kha
nang xuc tac hoan toan.

Ngoai trén két disulfit, cau tric bac ba con dugc 6n dinh (bén viing) nho mat sb
lién két khac nhu:

- Lién két hydro: hen. két nay xuat hién khi giita hai nhom tich dién am co
nguyén tir hydro.

Lién két ton: lién két nay hinh thanh giita hai con trai dau cua hai gdc acid amin
nam xa nhau theo thu ty trong chudi peptid, nhung gan nhau trong cau trac khong
gian. Vi du: gitta COO™ cia acid glutamic v6i NH; " cua lysin. Loai lién két nady nam
rai rac trong phan tr do c6 mot s gde acid amin c6 hai nhém COOH va NH,.



Chudi A Chudi B
1.Gly 1.Phe
2. IIIeu 2.Vs£l
3.\|/al 3.Aslp—NH2
4.|G|y 4.GI|u—NH2
5.13Iy—NH2 5.Hi|s
6.(|3ys — 6.Lelu
7.<|3ys S-S 7.C)'/s
B.Lla 8.GI|y
s I
9.Ser 9.Ser
1OI.VaI 10.|-|Iis
1 1I.Cys — 1 1.L|eu
12.Ser 12.\Jal
13|. Leu 13.(.1-:Iy
14|.Tyr 14-"113
1 5|.G|y—NH2 15.Lleu
16I.Leu 16.'l!yr
17|.Gly 17.I.|eu
18l.Asp-NH2 18.\Jal
19|.Tyr S 19.C|2ys
20I.Cys s/ 20.G|ly
21|.Asp—NH2 21 .(I;Iy
22.P[rg
23.CLly
24.Fl‘he
25.P|he
26.1!yr
27.Tre
28.F|‘ro
29.L|ys
30.P|da

C4&u trac phan t Insulin

Vi du vé cAu tric bac 3 nhu: Phan tir
insulin 1a mot polypeptid bao gom 51 acid
amin chudi A c6 21 gdc acid amin va
chudi B ¢6 30 gbc acid amin. Hai chudi
nbi v4i nhau boi 2 cau disulfid: cau thir
nhat gitra gbc cystein & vi tri 20 cta chudi
A va vi tri 19 cta chudi B; cau thir hai
gilta gbc cystein ¢ vi tri thir 7 cia ca 2
chudi. Trong chudi A con c6 mot cau
disulfit giita 2 gdc cystein & vi tri thir 6 va
11 . Insulin 13 hon non tuyén tuy tham gia
didu hoa ham luong dudng trong mau.
Khi thiéu insulin, ham lwong dudng trong
mau ting cao, dan toi hién tugng bénh dai
duong Insulin c6 tac dung ha dudng huyét
bang cich xuc tién qua trinh tong hop
glycogen du trit tr glucose.



- Luc hép dan Van dét Vals: 1a luc hut giita hai chit hodc hai nhém hoa hoc nam
canh nhau ¢ khoang cach 1 - 2 1an duong kinh phén tir.

Luc lién két cta cac nhom ky nude, nhitng nhom khong phan cuc (- CH,; -CHs)
trong vang, leucin, isoleucin, phenylalanin... Nudc trong té bao day cac gdc nay lai voi
nhau, giita ching xay ra cac luc hut twong hd va tao thanh cac bui ky nudc trong phan
tu protein.

Do c6 ciu tric bic ba ma céc protein c6 dugc hinh thu dac trung . va . phu hop
v6i chitc nang ctia ching. O cac protein chirc ning nhu enzym va cac khang thé,
protein cua hé théng dong mau... théng qua cdu tric bic ba ma hinh thanh duogc cac
trung tdm hoat dong la noi thuc hién cac chirc nang cua protein.

Su duy tir hinh dang giup protein ¢ trang thai nguyén ven, tic 1a cac hoat tinh
sinh hoc duoc duy tri. Mbi bién ddi cta hinh dang kéo theo su bién ddi cua hoat tinh.

D6 men cau tric (Structural domain) duoc nghién ctru tir 1976, dén nay ngudi ta
cho rang sy hinh thanh d6 men rat phd bién & cac chudi peptid twong dbi dai.

P6 men cau tric co thé duoc dinh nghia 13 nhitng bd phan, nhitng khu vuc trong
mot phan tir protein dugc cudn gip trong khong gian gidng nhu mot phan tir protein
nhoé hoan chinh va thuong 1a nhitg noi thuc hién chic ning lién két, chirc ning lip
rap cua phan tir protein trong hoat dong chirc ning ciia nd. Trong nhiéu protein, do
men gén lién véi chirc nang két hop dac hi¢u va & nhiéu enzym dugc cAu tao tr cac do
men thi trung tdm hoat dong lai duoc bd tri & bién gidi cua hai hay nhiéu dé men.

Sy thanh thanh cac d6 men trong phan tir protein tao ra kha nang tuong tac linh
hoat giita cac dai phan tir, kha niang co dong, dich chuyén twong Ung gita nhitng bo
phan trong qua trinh thyc hién chirc ning sinh hoc. - & nhitng protein ngudn gbc khac
nhau, nhung c6 chirc ning twong tu thi cac d6 men c6 cdu trac twong dbi gidng nhau.

2.2.2.4. Cdu triic bdc bén cia protein

La mot trang thi to hop hinh thanh tir nhiéu tiéu phan protein da c6 ciu trac bac
ba hoan chinh.

Mot sb protein co xu huéng két hop lai voi nhau thanh nhitng phirc hop, thanh
nhirng dai phan tir, khong kéo theo sy bién ddi vé hoat tinh sinh hoc.

Rét nhiéu truong hop protein phai t6 hop lai méi c¢6 hoat tinh sinh hoc. Trong
nhing trudng hop nay, cau tric bac bén 1a diéu kién dé hinh thanh nén tinh ning moi
cua protein.

Vi du vé cau triic bac bén:

- Hemoglobin (Huyét sac td) gém 4 tiéu phan protein: hai tiéu phan « va hai tiéu
phan B. Néu 4 tiéu phan tach roi nhau thi mdi tiéu phan khong thé van chuyén dugc
mot phan tir 02' Khi két hop lai thanh trang thai tetramer tao thanh mot khdi khong



gian dac

thir gan nhu hinh t& dién thi méi c6 kha ning két hop va van chuyén khi oxy.
Mot phan ttir hemoglobin (Hit) van chuyén dwoc 4 phén tir oxy.

0,—| &« [——| B |-0,

O,—| B |——| > |-0,

- Enzym glycogen phosphorylase (&6 co, gan) xUc tic qua trinh phan giai
glycogen thanh glucose.

+ O trang thai khong hoat dong enzym nay ¢ dang "b" (dang hai dimer tach roi
nhau).

+ O trang thai hoat dong (khi c6 tin hiéu cin dudng) hai dimer t6 hop lai thanh
tetramer (dang "a").

O0—-0 O—0
— ]

0—O0 o0_0O
d@.rlg "b" dang "a"

(kh6ng hoat dong) (hoat dong)

Khi nhu ciu giai phong glucose giam, tetramer lai tach thanh hai dimer, enzym
tro lai dang khong hoat dong.

Tuy theo protein ma s6 lugng monomer c6 thé thay doi tir 2,4,6,8 1a phd bién, ca
biét c6 thé 1én t6i trén 50 monomer.

Sy hinh thanh céu tric bac bdn tao diéu kién cho qué trinh diéu tiét sinh hoc
thém tinh vi, chinh xac.

2.3. CAC PAC TINH CUA PROTEIN
2.3.1 Trong luong phan twr

Ngay phan dinh nghia di nhdn manh: dic diém cua protein 1a trong lugng phan
tir rat cao. Nhitng nghién ctru khac nhau gan day cho thiy trong lugng phan tir thuc
clia protein nam trong khoang 6.000 - 12.000. Tuy nhién, trong diéu kién tu nhién
phan tir protein thuong lién két voi nhau tao thanh nhimg phan (goi 13 mixen) co trong
luong phan tir rat 16n dat toi hang trigu.

Trong luwong phan tir ciia mdt s6 loai protein:

Albumin stta 17.400
Albumin trang 44.000



Globulin huyét thanh 310.000

Hemoglobin ngudi 68.000
Enzym pepsin 45.000
Enzym ribonuclease 12.700
Siéu vi khuan cam  322.000.000

C6 thé noi: protein 14 "dai phan tir" bdi vi thanh phan ctia né gom hang tram,
hang nghin nguyén tir lién két vo1 nhau chu yéu bang lién két dong hoa tri.

2. 3.2. Trang thdi keo
Dau thé ky XIX cac nha khoa hoc ban céi kha lau vé trang thai nguyén sinh chat
(protoplasma) & sinh the, bdi vi ¢ nhitng méu thuan:

* C6 thé nguyén sinh chat 1a trang thai long. Bo1 vi tai sao cac phan ung hoa
hoc tién hanh ¢ trong co thé véi tbec do nhanh? Piéu nay dic trung cho mdi truong
long.

* Nhung tai sao co thé lai co kha ning giit nhitng hinh thu ddc biét ciia minh?
Tinh chat nay chi c6 ¢ thé ran.

Méi mau thudn d6 duoc giai thich khi nguoi ta phat hién ra trang thai keo cua
protein.

Trang théi keo cila protein thé hién & cac dic diém sau:
- Gay ap suat tham thau rat thap 30 - 40mm Hg (0,03 tdm)
- Kha ning khuéch tan it
- Do nhot cao.

Do nhét phan anh céu trac (hinh dang, kich thudc) cua phan tir - Kich thude
cang 1én do nhét cang cao.

Néu lay d6 nhot ctia nude 1am chuan 13 1 thi:
D0 nhot ctia albumin trang ga la 1,2 - 1,57
D04 nhét cua gelatin 1a 4,54 - 14,2
- Kha ning hip phu céc chit khac kha cao

- Kha nang khuéch tan 4nh sang (hién tuong Tindal) tirc 1a khi cho 1 tia sang
qua dung dich protein trén nén duc ctia dung dich ta nhan rd dugc nhitng tia do.

2.3.3. Lwéng tinh va diém ding dién
2.3.3.1. Tinh twong tinh

Trong dung dich nudc, phan tr protein c6 kha nang tdic dong nhu mot acid,
hodc mot kiém yéu, boi vi trong phan tr protein ¢ cdc nhom dinh chuc quan va
carboxyl c6 kha ning phan ly.

Phan tir protein mang c4 dién tich duong va dién tich am nhu vay goi la amphiol.



Kha niang phan ly ctia nhom quan va nhém carboxyl thay d6i phu thudc vao diéu
kién moi truong, cu thé 1a d6 pa. Khi d6 pH thap, ion H+ ¢ méi trudng nhiéu thi nhom
COOH giam sy phan ly. Nguoc lai, néu méi truong kiém, tirc ton OH nhiéu thi NH, s&
bt phan ly.

Vi sb luong nhom quan va carboxyl trong phan tir protein khac nhau, cho nén

néu sb luong nhém COOH trdi hon nhém NH, thi sau khi phan ly, dién tich tong s6
ctia hat keo protein s& c6 dau 4m va nguoc lai.

COOH COO COCOH COO”

~

R— COOH — R — COO’ R—NH, —» R__ NH}*

~ NH, ™~ NH,* \NHZ \NH,+

Khi cho dong dién mot chiéu di qua mdi truong d6 thi nhing hat keo néi trén s&
di chuyén vé dién cuc tuong tng.

Tuy dai luong dién tich, tuy trong lugng phan tir ma tde do di chuyén ctia moi
loai protein khac nhau. D6 1a co so ciia phwong phéap dién di trén gidy.

2.3.3.2. Piém dang dién

Nhu ching ta da biét, kha ning phan ly cia cac nhom quan va carboxyl chiu sy
chi phéi cua phan Gmg méi trudng, do d6 bang cach thém acid hodc kiém ta co thé dat
t61 mot tri sO pa, ma & d6 su phéan ly cua NH, va céoh bang nhau. D6 pH ndy ngudi ta
goi 1 diém dang dién cua protein (ky hiéu 1a pI).

Tai diém dang dién cac hat keo c6 dién tich bang O

Mot vai vi du vé diém dang dién cta protein:

Casein 4,7  Zein ngd 6,2
Albumin 48 Miosinco 5,0
Globulin 5,4  Histon 8,5

C6 thé dua vao diém ding dién dé tach riéng timg loai protein.
2.3.4. Ddc tinh hoa tan

Trang thai keo cua protein bén vimng 13 nho ¢6 16p vo thuy hoa bao boc bén ngoai
cac hat keo va cac dién tich 1am cho cac phan tir protein ngan cach va khong dinh vao



nhau. C6 nhiéu yéu t6 anh huéng dén tinh tan cua protein.

- Anh huéng cua pH

Do tan cua protein thap nhat & pH = pl cta nd, d6 tan cta protein ting 1én khi pH
nam xa oi vi khi pH = pl thi phén tir protein khong tich dién nén chung khong cé luc
day

tinh dién va dé bi dong két. Khi pH khac oi thi cac phan tir protein tich dién cung
dau va day nhau cho nén khong bi dong két, do d6 do tan tang Ién.

- Anh huéng ctia ndng do mudi

Mudi trung tinh & néng d6 thap lam ting do tan cta nhiéu loai protein. Khi ting
néng d6 mubi téi mot gid1 han nhét dinh thi do tan cua protein giam Xuéng va néu
ndng do mudi tiép tuc ting 1én thi protein c6 thé dong két hoan toan. Tinh chit nay
duoc ung dung dé tach cac loai protein theo phuong phap diém tich.

- Anh huéng ciia dung méi

Khi cho cic dung moéi nhu coOn, de, benzen, aceton, cloroform... vao dung dich
protein thi do tan cua protein bi giam va c6 thé dan dén dong két do pha v& 16p vo thity
hoa.

- Anh huéng cua nhiét o

Trong khoang nhiét do tur 0 dén 45°C, d¢ tan cua protein tang khi nhiét do tang.
Con & khoang nhiét dg tu 45 - 75°C da s protein mét tinh keo va co thé bi bién tinh
(trr protein ciia mot s6 loai sinh vat chiu nhiét).

2.3.5. Hién twong sa ling va bién tinh

Trang thai keo cta protein bén virng 1a nho sy can bang cac dién tich va 16p vo
thuy hoa. Khi trang thai nay bi pha v& boi cac yéu té nhu nhiét 4o cao, mudi cac kim
loai ning, dung méi hitu co... thi protein rat dé bi sa ling. Hién tugng sa lang protein
c6 thé thuan nghich, tirc 1a no6 cé thé tro lai trang thai ban dau khi tac dong cua céac yéu
td trén chua that siu sic. Tuy nhién, néu su tac dong dé6 manh va lau s€ lam cho
protein bi bién tinh. Khi bi bién tinh protein s& mét hoat tinh sinh hoc ctia né.

2.4. PHAN LOAI PROTEIN

Chua c6 mdt cach phan loai ndo phan anh tét nhat ban chit va s6 lwong ctia nhoém
chét hitu co quan trong nay.

Ngay nay, ngudi ta co thé phan loai protein theo cac sd ctr sau day:
2.4.1. Dya vao hinh dang cua protein

Dua va hinh dang ctia protein ngudi ta tam phan hinh thé protein thanh hai dang:
dang cau va dang soi.

2.4.1.1. Protein dang cdu



Protein dang cau 14 loai protein ma phan tir cia n6 thuong cudn lai thanh vong,
thanh bui, gﬁn tron hodc bau duc.

Dién hinh cua dang protein ndy 13: Albumin, globulin & trong, sita, huyét thanh,
enzym pepsin, dich vi. . . Loai nay thuong hoa tan trong nudce .

Tuy goi 14 dang cau, nhung néu xét ty 1& duong kinh cua ching ta thiy tuong tng
1/3 (& glubulin sita) 1/7,5 (cua globulin huyét thanh) 1/20 (cta zein ngd). Vi vay do 1a
nhimng c4u hinh d a phinh thi dung hon.

2.4.1.2. Protein dang soi

Protein loai nay v&i mach peptid khong cudn 13, chi gap nép doc chudi, nén ndi
chung c6 chiéu dai rd rét.

Dién hinh cua dang protein nay 1a: fibroin ¢ to tim, miosin & soi co, colagen va
elastin & da va gan. Pac tinh cua loai nay la khong hoa tan trong nudc va c6 kha ndng
co gidn & mot chimg muc nao d6, vi nhitng nép gp cua chudi peptid cd thé bién doi
theo truc dai.

Vi du protein dang s¢i nhu a va  Keratin
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4.2. Dwa vao chirc nang cua protein
- Protein co gian co (actin, miosin cua co)
- Protein dy trit (Femtin & gan dy trit sét)
- Protein men trao doi chat (Pepsin da day thuy phan protein)

- Protein hormon (Insulin, vasopressin)



- Protein khang thé
- Protein doc tb

- Protein c6 chic nang dac bi¢t (Hemoglobin mang oxygen, rodopsin trong
qua trinh thi giac, virus).

2.4.3. Dya vao gia tri dinh dwéng cua protein

Céac nha sinh vat hoc lai dua vao gia tri dinh dudng hay tam quan trong cua
protein ddi vé6i sy song dé phan loai protein. Theo quan diém ndy protein chia lam 2
loai:

2.4.3.1. Protein co gia tri dinh dwong khong hoan toan

D6 1a nhimng protein chira khong ddy du hodc day du nhung ty 1¢ khong can dbi
cac acid amin thiét yéu. Loai ndy thudng 14 cac protein thuc vat.

2.4.3.2. Protein co gia tri dinh duwong hoan toan

P6 1a nhitng protein chira day du véi ty 18 can ddi cac acid amin thiét yéu. Loai
nay thuong la cac protein dong vat nhu tring, sira, thit...

2.4.4. Dwa vao cdu tao hod hoc ciia protein

Theo quan diém ctia Hop-pe-zai-lo (Hoppe - Seyler) va Drecxen dé ra giita thé
ky XIX protein chia lam 2 16p 16n:

- Lép protein don gian hay dong nhét

- Lép protein phurc tap hay con goi 1a proteid

2.4.4.1 . Lop protem don gian

Day 1a nhimg protein khi bi thuy phan hoan toan s& cho ta cac acid amin.
Céc dai dién chinh cua 16p nay la:

* Albumin va globulin

La hai loai protein dang cau rat phd bién trong ciu tao ciia md bao dong vat va
thuc vat Thanh phﬁn gém hoan toan cac acid amin trong do ty 1¢ acid amin c¢6 tinh acid
kha cao.

Albumin 13 protein don gian pho bién nhat. N6 tim thdy & trong mau, dich té bao,
dich tuy séng. Albumin hoa tan trong nudc va cac dung dich mudi. Albumin dong khi
dun nhung & céc nhiét d§ khac nhau: albumin tring dong & nhiét do 56"C, albumin
huyét thanh & 67°C, albumin sita ¢ 72°C.

Albumin cta dong vat (nhu albumin huyét thanh ctia mau) khi thuy phan cho 19
acid amin va thanh phan céc acid amin it khac nhau & cac dong vat (trir vit). Albumin
thuong chira s6 lwong 16n cac acid amin sau: leucin, acid glutamic, acid aspartic, ly
sin, con cac acid amin nhu methionin, tryptophan, glycocol... sé luong it hon.



Trong luong phan tir ctia albumin khoang 35.000 - 70.000, diém ding dién nam
trong khoang pH 4,6-4,7.

Albumin thuong tao thanh cac phtrc chat véi lipid, acid béo, Acid amin, khang
thé...nén c6 quan diém cho rang nd gitt vai trod tich cuc trong trao ddi vat chat.

Globulin hau nhu nam cung v6i albumin va rat phd bién trong tu nhién. N6 c6
nhi€u trong mau dong vat, trong cac co quan, té bao, trong cac dich 1dng cua co thé.

Globulin kho6 tan hodc hoan toan khong tan trong nudc, nhung tan trong cac dung
dich ctia mudi trung tinh, kiém, acid.

Globulin chira khoang 14-19 acid amin quan trong nhu: leucin, vang, ly sin, acid
glutamic, sdm, treo nin.

Trong luong phan tir ctia globulin khoang 90.000 - 1.500.000 hoic 16n hon, diém
dang dién nam trong khoang pH 5,0-7.5.

Globulin gom o, B, y. Chinh y - globulin & ngudén gdc khang thé trong co thé.

Ty 18 AIG trong huyét thanh dong vat thudng & murc kha 6n dinh va thay doi 1d
khi co thé méc bénh. Diéu d6 c6 y nghia rat 16n trong chan doan vé tinh trang strc khoé
ciia dong vat Pong thoi ham luong globulin huyét thanh con phan anh tinh dé khang
clia co thé.

* Hisum va protamin

Histon va protamin 1 hai loai protein c6 tinh kiém rd rét vi trong thanh phan cua
chung tir 30 - 80% acid amin kiém tinh nhu ly sin va arginin.

Histon 1a protein c6 ciu tao don gian. N6 chira sé lwong acid quan it hon so véi
albumin va globulin. Trong histon khong c6 cystein, cystin, tryptophan, ma chu yéu la
arginin va ly sin (20-30%). Histon duoc Koccel tim thiy trong nhan té bao, trong
thanh phan ctia nucleoprotein va cac protein phuc tap khac. Piém dang dién cua histon
nam trong khoang pH 9,0-11,0.

Protamin dugc Miser va Koccel tim thay trong thanh phan cua nucleoprotein cua
té bao sinh duc ca. Sau d6 con phat hién ¢ lach, tuyén diéu va cic co quan khéc.
Protamin c6 trong lwong phan tir thap (2.000-8.000), thanh phan chira it acid amin (6-
8), trong d6 cha yéu 14 acid amin diamin (t6i 80% arginin). Pai dién protamin duoc
nghién ctru nhiéu 13 xan min- d6 13 mot chudi polypeptid két thiic bdi nhém quan cua
thodn. Khi dun protamin khong dong va khong sa ling, né chi sa lang bdi mudi kim
loai ning. Piém dang dién cla protamin nam trong khoang pH tir 10,5 dén 12,0.

* Glutelin va prolamin
D6 13 nhitng protein thuc vat c6 trong chat déo cua laa, gao, ngd.

- Prolamin c¢6 nhiéu & cac hat hoa thao. Pic diém cta prolamin 13 tinh hoa tan
trong con 70% va khong tan trong nudc. Khi thuy phan prolamin thuong cho nhiéu



thodn va acid glutamic (43%).

May dai dién cua prolamin dugc nghién ctu ky nhat 1a gliadin cua lua mi,
gordein cua dai mach, zein ciia ngd, avenin cia yén mach, on~enin cia gao... Trong
thanh phan may protein nay ty 1€ lysin rat thap (& zein hau nhu khong co).

- Glutelin c6 ¢ céac loai hat khac nhau, ham luong dat tor 1 - 3%, déac tinh cua
glutelin 14 chi hoa tan trong kiém loang 0,2 - 2,0%.

* Cac proteinoit

Ddy 1a nhém protein ciia mo chéng dd & co thé dong vat nhu xuong, gan, da,
stmg, 16ng, mong... Ching duoc goi 1a "gidng protein" vi tuy duoc ciu tao tir cic acid
amin, nhung chiing mét tinh keo quan trong 1a tinh hoa tan. P4y 1a nhimng giot'.in bién
tinh, c6 dang soi gap ndm song song thanh bo.

Chtrc ndng: bao vé co gis¢1 doi véi mo bao.
Céc dai di¢én ctia nhom nay la:

Colagen (va procolagen) la protein ctuia sgi mo lién két & gan, ¢ da, & dudi da...
N6 khong hoa tan trong nudc, nhung khi tac dong lau cua nhiét s€ tré thanh dang hoa
tan 1a gelatin. Keo dan ché ¢ da trau chinh 14 colagen.

Ham luong glycin cta colagen khd cao (25%), nhung vé nhiéu acid amin khong
thay thé duoc thi lai thiéu.

Colagen ting ty 18 v6i tudi tac.

- Elastin: phan bo & cdc mo6 co gian va chiu lyc nhu gan, day chang cac khép
xuong.

D6 bén chic cua elastin cao hon colagen va hoan toan khéng thé truong nhu
colagen.

- Keratin (tiéng Hy Lap keras - sing)

La chit cha yéu cua toc, 1ong, sing, moéng, 16p thuong bi... hoan toan khong tan,
ké ca trong dung dich acid, kiém. Khi thuy phan cho nhiéu cystin (7 - 12%) va acid
glutamic (4 - 17%).

Trong luong phan tir khoang 2 tricu.
Fibroin: protein cta to lua do tim nha ra.

Soi1 to do nhiéu soi fibroin lién két thanh bd, gan bdi ho sericin ciia tam hodc
nhén nha ra (wom to v61 nudc nong nham tay ho nay).

2.4.4.2. Lop protein phirc tap

Lép protein phirc tap, hodc protein khong dong nhat, 13 nhimg chit bao gdm 2
thanh phan:



- Phan protein don gian
- Phan phu hay con goi 12 nhom ghép.

Nhém ghép c6 ngudn gbe khac nhau. Su lién két gitta chung v6i phan protein
don gian c6 d6 bén viing khong déu, c6 chat lién két chat ché, co chat lién két hoi hot,
dé tach trong qua trinh. phan tich nghién ctru.

Dua vio ban chét cia nhom ghép, ngdy nay ngudi ta chia protein phirc tap thanh
5 loai chinh.

- Glucoprotein

- Phosphoprotein

- Chromoprotein

- Lipoprotein

- Nucleoprotein

2.5. CAC LOAI PROTEIN PHUC TAP

Nhu trén di trinh bay, protein phurc tap 1a loai protein khi thuy phan ngoai phan
protein don gian, con c6 thém nhom ghép. Phu thudc vao nhom ghép ma protein phire
tap co tén goi tuong ing. Sau day ta xét tung loai:

2.5.1. Glucoprotein

Nhom ghép cia loai nay 1 nhimg dan xuét cua glucid, c¢6 thé & dudi dang quan
hoa nhu glucosamin, galactosamin, manosamin ching lién két véi phan protein bang
nhimng lién két dong ho4 tri.

Glucoprotein c6 vai tro quan trong trong cAu tao ctia nhiéu loai mo chéng do va
bao vé vi du trong sun xwong, trong cau tao ctia khang nguyén va khang thé.

Glucoprotein hay gip trong co thé dong vat thuong chia 1am hai loai:

* Mucin: 1a nhiing chéit thuong co nhiéu trong nudc bot, nude mét, dich nhom bao
khép, dich mé lién Kkét, dich nang bao, niém dich. Mucin & niém mac da day, rudt, ni€u
quan c6 tac dung bao vé co gidi va hod hoc. Nhém ghép ctia mucin 1a hop chét acid

Mucin
Acid mucoitin sulfuric Protein
Mucoitin H,SO,
CH3COOH/ : Mucoid
D. Glucosamin Acid D.glucoronic

Tac dung ctia mucin la dé lam giam cac ma sat co hoc nham bdo vé cac co quan



(nhu niém mac miéng, thuc quan, da day...).
* Mucoid: ¢6 nhiéu & mo bao nhur:
- O sun ¢6 chondromucoid
- O xuong c6 osteomucoid
- O 10ng trang trimg c6 ovomucoid
va nhiéu chit nita & gan, gidc mac mat, thuy tinh thé...
Ngoai ra mot sb glucoprotein c¢é chirc ning sinh hoc quan trong nhu hon non kich
thich tuyén sinh duc: FSH, prolanA chira 20% glucid, LH chtra hon 20% glucid.
Trén mang té bao co nhitng cAu trac mién dich dic thu ctia mdi co thé sinh vat cd
ban chat 1a glucoproteid. /

2.5.2. Phosphoprotein

La protein phtrc tap khi thuy phan cho céc acid amin va acid phosphoric (H;PO,)
cac acid phosphoric ndi véi protein bang mach este qua nhdém OH cua serin hodc
treonin trong phan tir protein.

~ OH CH, _OH
/ b
CHz-O-P\zo CH-O-P=0
JZHNHz OH JZHNH,_ A\ OH
&OOH EOOH
Serinphosphat Treoninphosphat

Loai protein ndy thuong cé tinh toan va dong vai trd quan trong trong dinh
dudng cua dong vat non.

Dai dién dién hinh c6 the ké la:

- Casein: 13 protein chi yéu cua sita.

- Ovovitelin va vinh 1ong dé trimg

- Ictulin tring ca.

Thanh phan cua cac loai nay chira day du 20 loai acid amin va rat can d6i nén ty
1€ hép thu khé cao va 1a nhiing loai thirc an c6 gia tri dinh dudng déc biét.

2.5.3. Chromoprotein (chiv Hy Lap: Chroma - mau sdc)

Pay 13 nhimg protein mang mau sic nhu hemoglobin trong mau c6é mau do,
clorofil trong 14 cdy c6 mau xanh...

S& di ¢6 mau vi nhom ghép ciia chromoprotein thuong 13 nhimng cau tric phirc
tap, tao nén cac mau sic khac nhau do c6 chira mot hay nhiéu nguyén tir kim loai nhu
Fe, Mg, Cu...



Phan nhiéu chromoprotein tham gia vao cic qua trinh trao d6i khi
Vi du: Hemoglobin van chuyén O, va CO, giira ph6i va mé bao
Mioglobin du trit O, cho co.

Catalase phan giai H,O, thanh O, Va H,O0.

Mot sb dai dién chinh ctia nhom nay 1a:

2.5.3.1. Hemoglobm (con goi 1a huyét sic t6, ky hiéu 1a Hb)

Hemoglobin dugc Huyn-ne-phan tim ra 1840. D6 1 loai protein c6 nhiéu trong
hdng cau, thanh phan ctia né gém:

- Phan protein don gian 1a globin chiém 94% trong lwong Hb

- Phan nhom ghép 1a nhan Hém chiém 6%

Trong lwong phan tir cia Hb gan 67.000. Chirc ning ctia Hb 1a van chuyén khi
gitra phoi va mo bao

* Cdu tao

Hemoglobin dugc cau tao tir protein - globin va nhom ghép 1a hém. Céu tao cia
hém duoc Nenski va Fisher tién ra.

Globin N o

CAu tric hem cua hemoglobin: Hem 14 lién két, ma phén tr ciia n6 gdm nguyén
tir it 2 va 4 vong pyrol. Bon vong pyrol d6 néi véi nhau bang day metyl (= CH ) - d6
1a cbt porfin. Cét porfim gan véi 2 goc Vinyl (- CH = CH,) 4 goc metyl (- CHs) va 2
gbc acid ropionic tao thanh dang protoporfutl. Protoporfin lién két véi sit 2 chinh 1a
nhan hém (hinh trén).



Ngoai hod tri chinh ra, sat con ndi v6i 2 nguyén tir Nito bang hai lién két phu
(biéu dién bang dudng cham).

MJi phan tir hemoglobin c6 4 tiéu phan protein: hai tiéu phan a va 2 tiéu phan p.
MGdi tiéu phan gin v6i mot hém. Nhu vay phéan tir hemoglobin c6 4 hem. Céch lién két
giita hém va globin chua dugc xac dinh rd. Theo nhiéu tai liéu cia nhiéu tac gia thi
lién két nay xuét hién giita sat va nho cta nhan imidazol cua phan tir histidin trong
globin.

* Tinh chat cua hemoglobin va cdc dan xuat cua no

., A . . - Y Y z .~ \ 5 < 2+
Khi tdc dong v6i acid hoac kiém, hém - sat hai s€ thanh hém - sat ba: Fe* —
Fe’* va c6 tén la hematin.

Chtrc nang sinh 1y ctia hemoglobin thé hién & tinh lién két véi cac loai khi nhu
0,, CO, NO... Tuy ap luc riéng cua ching, sy lién két nay thuc hién qua mach phu ctua
nguyén tir sit véi globin nén khong bén va cac khi s& dé ddy nhau tuy ap suat mdi loai.
C6 may lién két va dan suit ciia hemoglobin 1a:

- Oxyhemoglobin Hb.O, (v&i oxy)

- Carboxyhemoglobin Hb.Co (v&1 oxyt carbon)

- Met-hemoglobin Hb.OH (khi Hb bi oxy hoa thanh dang ferric)

N N N. P N N N
/Fe?: ........ 0, Fe?*...CO Fe™.. OH
N "N N "N N . N

+ O té bao phdi: ap suét riéng ciia oxy cao nén nod dé lién két véi hém. Pay la
lién két ho, nguyén tir sat 2 khong thay doi hoa tri, nén khong phai 1a phan Gmg oxy -
hoa. Hb.O, tao cho mau c6 mau do tuoi.

Khi t6i mach quan & cac mé, ap suit riéng cta oxy thap nén khi ndy thoat ra va
duoc dung vao cac nhu cau sinh hoa hoc.

+ O mb bao: CO, (khoang 20% tong sé CO, thai ra) s& lién két v6i globin qua
nhém quan cudi ciing thanh carboxyhemoglobin.

Phan chu yéu (gan 80%) CO, lién két voi kiém cua huyét twong va hong cau
thanh nhiing bicarbonat nhu NaHCO;, KHCO; réi méi dén phoi, chuyén sang dang

acid carbonic va thai theo hoi tho.

Khi trong khong khi ¢6 gan 1% thé tich Co thi gan 95% Hb hoa thanh Hb.Co vi
vay viéc 1dy O, bi trd ngai 1am cho co thé bi ngat. Néu ting ap suit riéng cia oxy (cho
thd oxy) thi Co bi day khoi Hb va chita dugc ngat.

Khi Hb bi tac dong bai chat oxy hoa nhu femxyanua kim (K3[Fe (CN~ oxyt niao
thi Hb — Hb.OH c6 st ba.



Hb.O, + K,Fe (CNy) + KOH — Hb.OH + K,Fe (CN)= + O,
Néu HbOH sinh nhiéu, chtc ning ho hip cua méau sé bi tré ngai. Bé lau Hb.OH
bi phén ly tra Hb vé dang cil.
D6 1a co so giai doc HCN (chat nay bién Hb thanh cyanomet - hemoglobin) bang
xanh metylen (chuyén Hb.CN kho phan ly sang dang Hb.OH d& phén ly).

Tuong quan giira hemoglobin va cac dan sudt cua né nhu oxyhemoglobin,
carboxyhemoglobin va methemoglobin ¢ thé biéu dién nhu sau:

o,
to Oxyhemoglobi
Cacboxyhemoglobin / 0, yhemoglobin

co

Hoan
nguyén

Methemoglobin

2.5.3.2. Mioglobin
Mioglobin 14 sdc t6 cua co, ciing c6 nhém ghép 1a hém chia sat nhu hemoglobin.

Nhom globin ciia mioglobin déc trung theo loai, trong lugng phan tir trung binh
17.000.

Khac vé1 hemoglobin, nhom ghép cuia mioglobin chi chira mgt nguyén tir sat, vi
vay ma phan tu protein cia nd chi c6 mdt nhan hém. Tuy c6 cau tao don gian hon
hemoglobin nhung &1 lyc ctia n6 d6i véi oxy manh hon hemoglobin.

& co nhat 13 co tim, vai tro du trit oxy ctia mioglobin (dudi dang oxymioglobin)
rat quan trong: hién turong nay dam bao cho co hoat dong khoi bi d6i O2 trong truong
hop su nap O2 bi gidn doan tam thoi (nin thd, ngup 1an...)

Vi du: & nguoi, co thé du trir 2450ml O, trong d6 354ml c6 trong mioglobin.

Luong du trit nay rat 1én ¢ nhitng dong vat séng & nude nhu Hai Cau.

Mau dé cua co do mioglobin tao nén.

2.5.4. Lipoprotein

Lipoprotein 1 lién két gdm nhiéu phirc chét ciia protein va lipid. Do bén ctia mbi
lién két protein - lipid khong cd dinh.

Lipoprotein c6 tinh hoa tan trong nudc, nhung khong hoa tan trong cac dung moi
hiru co (nhu de, cloroform...)

Chirc ning sinh hoc ctia nhom nay gém nhidu mit, nhung quan trong nhét 1a
chtrc ning cdu tao vach té bao va cdu tao cac tiéu khi quan té bao nhu ty lap thé.



Nguoi ta cho rang tinh ban tham va tinh hap thy dic hiéu cua té bao 1a do 16p vo
lipoprotein quyét dinh.

Trong mau va mo bao c6 may chat hpoprotein quan trong nhu:
Tromboplastin (gitip cho qua trinh dong mau)

Lipoprotein huyét thanh (c6 phan protein 14 globin)

- Rodopsin vong mac mat 12 loai lipoprotein tham gia vao hoat dong thi giéc.

- Noi1 doc t6 cia nhiéu vi khuan cling c6 cau trac la lipoprotein. Vi du: néi doc to
cua vi khuan lao, brucena...

2.5.5. Nucleoprotein

Pay 13 loai hop chét hitu co c6 mot vai trd cuc ky quan trong trong sinh hoc.
Nguoi ta tim thdy ching & nhiing sinh vt don gian nhat (nhu nguyén sinh dong vat)
dén nhitng dong vat cao dang nhat (nhu loai c6 vi). Ngay cac siéu vi khuan (virus)
cling c6 thanh phan cha yéu 1a cac nucleoprotein. Qua cac nghién ctru vé di truyén
hoc, t6 chuc hoc, sinh hoa hoc nguoi ta co thé néi chic chin rﬁng: Nucleoprotein cé
quan hé truc tiép dén cac qua trinh séng chu yéu cua moi sinh vét nhu tinh di truyén,
bién di, kha nang tong hop protein.

Nucleoprotein gdm 2 thanh phan chu yéu:

- Protein don gian (thudng 13 protein kiém tinh nhu protamin va histon) - Nhém
ghép 1a acid nucleic.

Do tdm quan trong cua 16p nucleoprotein ddi voi su sdng nén chiing ta s& nghién
ctru ty my ching & mét chuong riéng.



Chuong 3
NUCLEOPROTEIN Va ACID NUCLEIC

3.1. PAI CUONG VE NUCLEOPROTEIN

Nucleoprotein 14 protein phirc tap gdm hai thanh phan chu yéu la:

- Phan protein don gian thuong 1 protein kiém tinh nhu protamin va histon.

- Phan nhom ghép 1a acid nucleic

Phén protein don gian ta di xét & chuong 2, & ddy chu yéu ta nghién ciru vé acid
nucleic

So db thuy phan nucleoprotein c6 thé biéu hién nhu sau:

NUCLEOPROTEIN

v
v v

'ROTEIN don gian ACID NUCLEIC
Protamin, Histon)

l Nuclease (ADN-ase, ARN-ase)

MONONUCLEOTID
Nucleotidase
NUCLEOSID \ ACID PHOSPHORIC
Nucleosidase (H,PO,)
BAZO Puong PENTOSE
(Purin, Pirimidin) (Ribose, Desoxyribose)

Nucleoprotein dugc phat hién 1an du tién nim 1869 do Mischer trong céc té bao
mu.

Cong lao cac nha bac hoc: Le vin, Chagaft, Devison,Watson, Cach... da lam sang
t6 thanh phan cdu tao cia acid nucleic.

3.2. THANH PHAN VA CAU TAO ACID NUCLEIC

Acid nucleic khi thuy phan hoan toan thi phan thanh ba loai hop chat:

- Cac duong pentose: D-ribose va D-desoxyribose

- C4c bazo: phun (adenin, guanin) va pyrimidin (Cytosin, uracin, thi min)



- Gdc acid phosphonc (H3PO4)
3.2.1. Dwong pentose

Pentose gdbm D- ribose va D - desoxynbose. Hai chat ndy c6 trong acid nucleic

dudi dang Phu ran :

D - ribose

Ribose c6 trong acid ribonucleic (ARN)

H-E-OH
OH H-C-H
2 |

Q
H < y.c.
u H |C OH
H H-C—
CH,0H

D - desoxyribose

Desoxyribose c6 trong acid desoxyribonucleic (ADN) 3.2.2. Cac bazo

3.2.2.1. Bazopynmidin

He& s Y CH
N
Gd6c pyrimidin

- Cytosin (2 - oxy, 6 - aminopyrimidin)

cetol

enol



- Uracin (2,6 - dioxypyrimidin)

OH 0]
N HN
cetol
1
HO- eno 04
N

- Thimin (5-metyl uracin)

OH o)
1\ P —CH; cetol HN —CH:
| S
enol
HO~ X\ o?
N NH

3.2.2.2. Bazopurin

G&c purin
- Adenin (6 - aminopurin)
NH;
N N
N NH

- Guanin (6 - oxy, 2 - aminopurin)

OH O
|
N
N A cetol HN
-—
enol
H>N HoN
N NH N NH
3.2.3. Nucleosid

Nucleosid 13 két qua ctia sy két hop bang lién két osid giita mot bazo (phan hoic
pyrimidin) va mt dudng pentose vi su loai ra mot phan tr nude.

Su lién két nay thong qua mach glyosid ¢ vi tri 9 cia ph?m hodc vi tri thir 3 cta



pyrimidin.

Vidu:
NH, NH;
|
N N N
X \@ N N\]@l
H H
OH OH OH OH
Cvtidin Adenosin

Nucleosid c6 nhan pyrimidin mang tén tan cung bang - min Nucleosid c6 nhan
phan mang tén tan cung bang - o sin Cac nucleosid cia cac bazo c6 tén nhu sau:

Cytosin —> Cytidin Adenin —— Adenosin
Uracin —— Uridin Guanin —— Guanosin
Thimin —— Thimidin

3.2.4. Nucleotid

Nucleotid 1a nhiing este cuia nucleosid vdi acid phosphoric. Nucleotid 1a don vi
co ban cua acid ~lucleic - n6 nhu cac mat xich cua so1 xich.

g ' Puon g
\Bazor (pirimidin, purin) + g pen ose/

—~—
Nucleosid + acid phosphoric
— _
——
Nucleotid

¥

Nhiéu mononucleotid ngung tu v6i nhau thanh polynucleotid (hay 1a acid
nucleic).

Trong phan tir acid nucleic, su este xay ra ¢ vi tri 3' hodc 5'.

Vi du: cau tric ciia mononucleotid c¢6 tén 1a acid adenilic (térc 12 adenosin - 5
phosphatl.

' Adenosin - 5 monophosphat



Acid phosphoric thudng duge gan vao vi tri thir 3 hodc thir 5 ctia dudng pentose.

Loai gén ¢ vi tri thr 3 thuong & dang lién két, con & vi tri thtr 5 thuong ¢ dang tu

do.

Sau day la tén goi cua cac nucleotid

Bazo
Adenin
Guanin
Urasin
Cytosin

Thimin

Nucleotid trong ARN

Acid adenilic
Acid guanidilic
Acid uridilic
Acid cytidilic
Acid thimidilic

Nucleotid trong ADN
Acid desoxyadenilic
Acid desoxyguanidilic
Acid desoxyuridilic
Acid desoxycytidilic
Acid desoxythimidilic

Cach lién két cua cac mononucleotid nhu sau:

Bazo

Bazo

I
G

|
G,
|
G,
I \
C4 P
|

G

Ky hiéu
A
G
U
C
T
Bazo
[
G
|
C,
|
G
| \
C, P ~
|
Cs

Céac nucleotid co thé phosphoryl-hoa dé tao thanh di-, tri- phosphonucleotid.
Dang nay thuong & trang thai tu do trong cac mo bao va co quan cua sinh vat va lam

nhiém vu dy trir ndng lugng do thu dugc trong qua trinh oxy hoé dé cung cap cho cac

hoat dong song - cau tric cia ching nhu sau:



NH;

C
N Cc— N
I | OH
CH OH O IOH 'OH |
"N N—C- c c c— CHZO—P O-— ﬁ——o lII’ OH
H H H H 0 (6] @)
? H f
Adenosin monophosphat (AMP) H

Adenosin diphosphat (ADP)

Adenosin triphosphat (ATP)

Nhu vay ta thdy trong chudi polynucleotid, dudng va phosphat lién két v6i nhau,
con géc kiém nam ty do, chinh sd lugng va tha ty phan bd cia cac géc kiém trong
chudi nolvnucleotit quyét dinh tinh dic trung sinh hoc ctia phan tir acid nucleic.

3.3. PHAN LOAI ACID NUCLEIC
3.3.1. Co so phdn loai acid nucleic

Duya vao sy c6 mat cua duong ribose va desoxyribose ma nguoi ta chia acid
nucleic ra lam hai 16p.

- Acid ribonucleic (ARN)
- Acid desoxyribonucleic (ADN)

Khi nghién ciru vé hai 16p ARN va ADN nguoi ta thiy chung c6 mot so diém
khac biét nhu sau:

ARN ADN

- Chu yéu 6 té bao chat - Chu yéu 6 nhén té bao
- Trong luong phan tir 2 - 3.10%° - Trong luong phan tir: 1 - 2.106 8 - cAu
- cAu tao Chudi don tao Chudi kép
- Chira cac goc kiém - Chira cac gdc kiém

Adenin (A) Adenin (A)

Guanin (G) Guanin (G)

Cytosin (C) Cytosin (C)

Uracin (U) Thi min (T)
- Puong: Ribose Duong Desoxyribose
- Chtrc ning sinh hoc: truc tiép tham gia | Chtrc ning sinh hoc: mang ban mat ma

qua trinh tong hop protein. di truyén.

3.3.2. Tén gos ARN, ADN va lién két hod hoc




Thanh phan hoa hoc ctia ARN va ADN

ARN ADN
+Go6c kiém: A, G,C, U + Goc kiém: A,G,C, T
+ Dudng ribose + Dudng desoxyribose
+ Acid phosphoric + Acid phosphoric

Acid nucleic 1a chét tring hop ctia mononucleotid. Phéan tir chtra tir 250 - 350
nucleotid, c6 loai chira t61 hang chuc van mononucleotid. Cac mononucleotid ndi véi
nhau qua mach lién két este giita hydroxyl ctia carbon tht 3 ctua dudng pentose véi
acid phosphoric cua mononuleotid bén canh.

Bazo-C-C,-C;-C,-C; Bazo - dudng - P
\ /
o
O=p-OH Bazo - duong - P

N /
Bazo - C\- C,- G; - C, - Cy Bazo - dudng - P

/

Acid nucleic dong vai trd trong di truyén cua dong va thuc vat, né dong vai tro
chu chét trong viée sinh tong hop protein.

Sau day chung ta s di sau nghién ctru tirng loai acid nucleic
3.3.3. Acid desoxyribonucleic (ADN)

Duya vao so liéu nghién ctru hién twong nhidu xa tia Ron-ghen va nhing sd liéu
hoa 1y khac ngudi ta di dén két luan rang ARN chi ¢6 cu trac chudi don, con ADN c¢6
ciu tric chudi kép (tirc 1a do hai chudi polynuleotid két hop v6i nhau theo kiéu xodn
thung).

3.3.3.1. Quy ludt bé sung goc kiém (qui ludt Chagaff)

Khi phan tich dinh tinh va dinh luong ADN, Chagaff va cac cong su cuia 6ng da
rat ra duoc két luan sau:

- Ham luong tinh theo mot cia Adenin bang Thi min va Guanin bang Cytosin.

A=T hay =1 (1

G=C hay =1 (2)

- TUr nhan xét (1) va (2) rat ra: tong s6 goc kiém purin bang tong sd gbc kiém



pyrimidin.
A+G=T+C
V& mit hod hoc: ham lwong nhém 6 - quan bang ham lwong nhom 6 - xe ton.

Ttr ba két luan trén day Chagaff da rat ra duoc qui ludt bd sung goc kiém nhu
sau: Trong diéu kién sinh 1y binh thuong, hai chudi nucleotid khi tao ra xodn kép s&
lugc 6n dinh quanh nhau bang cac luc lién két théng qua céc bazo.

- Trong qua trinh lién két cac bazo cua hai chudi ddi dién thi mot chudi s& gop
bazo phun, chudi kia s& gop bazo pyrimidin, cac bazo lién két voi nhau bang lién két
pydrogen, xuat hién giita mot s6 vi tri nhat dinh ¢ hai bazo d6i xtng, d6 1a vi tri: N1
ctia phan v6i NI cua pyrimidin

C2 cua phan v6i C2 cua pyrimidin

C6 ctia phan v6i C6 ciia pyriuadin

- Lién két hydrogen mudn xuét hién phai thoa méan hai diéu kién:

+ C6 mot nguyén tir hydro mang dién tich (+) nam gitta hai nguyén tir mang dién
tich (-).

+ Khoang cach giita cac nguyén tir mang dién tich (-) nam trong khoang 2 - 4 A’

Ttc 1a lién két hydrogen chi co thé xuét hién giita cac cdp bazo chon loc ddi
xung:

Adenin v41 Thi min

Guanin vo1 Cvtosin

H H
N—H oo CH, 0. v H-N, oo
NN ....... HN¢q S N| e NC
NN N N i \NﬂIH .......... S
Dudng Pudng  Dudng Pubng

Cic lién két hydrogencia A - T Cic lién két hydrogen cia G - C

3.3.3.2. M6 hinh xodn ADN

Dua trén cac két qua nghién ctru cho phép Crick va Watson dé ra cau tao mo hinh
xoan ADN vao nim 1953. M6 hinh nay da duoc kiém tra lai trén co s& nhing thi
nghiém vé tia Ron-ghen tinh vi hon béi Willkins va cong sy cta 6ng. Chinh vi c6
nhitng dong goép do nén Crick, Watson va Wilkins da dugc giai thudng Nobel 1962.

Theo Crick va Watson thi ADN gdm hai day polynucleotid v6i cuc trai ddu nhau
cudn xoan voi nhau xung quanh ciing mét truc va tao thanh vong xoén doi.



Céc bazo nam trong vong xoan thanh timg cip: pyrimidin

trén mot day va phﬁn trén day dbi xtng va nguoc lai. Chi mot
s6 cdp bazo nhat dinh phu hop: A di v6i T; G di voi C (lien két — - =
hydrogen).

- M&i vong xodn dai 34 A° chira 10 cap gdc kiém
- Do dai mot cap goc kiem 14 3,4 A°.
- Ban kinh vong xoén 10A°

- Khoéng céch giira hai gbc kiém dbi xtng 14 3A°

3.3.3.3. Vai tro sinh hoc cua ADN — _SEK. :
Ngay nay trong sinh hoc, dac biét 1a trong sinh hod hoc va
vi sinh hoc, nguoi ta dd thu dugc nhiéu tai lidu chimg t6 ring €1 <
ADN 14 co s cdu tric ciia nhiém sac thé mang tinh théng tin di [ ’
truyén. 20A°
Nguo’l ta thdy ADN trong té bao than 16n gap doi ADN té
bao mam. Thu tu sip xép

cia 4 goc kiém trén
polynucleotid c6 tac dung
nhu mat mi di truyén. Khi
cAn  tAi tao, mot day
nucleotid, diy xodn d6i tach
ra, lién két hydro bi dit, mdi

day nguyén thuy duoc dung
nhu mot khuén miu dé téng hop day méi theo qui ludt bd sung goc kiém.

3.3.4. Acid ribonucleic (ARN)

ARN duoc coi la chit tham gia truc tiép vao cic phan tng tong hop protein. Loai
nay thuong tap trung ¢ té bao chéit (chi yéu ¢ bao twong) mot s6 ¢ nhan. Ching
thudng & dang chudi bui chi ri.

ARN trong té bao chia 1am 3 loai:

3.3.4.1. ARN thong tin: Ky hi€éu m - ARN im - messenger - nguoi dua tin) Trong
lugng phan tir cua loai nay tu 0,5 - 1,106, chiém 3 - 4% téng s6 ARN, ching duogc téng
hop ¢ nhan té bao trén khudn ctia phan tir ADN day 1a khuon thir cap.

Nhiém vu ciia m - ARN mang ban mat ma di truyén hinh thanh & nhan s€ chui
qua mang nhan ra té bao chat va tién t6i vi tri tong hop protein & ribosom, & d6 no s&
1am khudén mau dé téng hop nén protein.

3.3.4.2. ARN vin chuyén: Ky hiéu t - ARN (t - transfer - van chuyén)



t - ARN thuong & trang thai hoa tan trong té bao, chiém khoang 15% tong sd
ARN.

Trong luwong phan tir thip khoang 2 - 3 van, gdbm khoang 60 - 100 nucleotit, gitr
chtrc ning véan chuyén acid amin hoat ho tir t& bao chat dén cac ribosom. Mot t - ARN
chi van chuyén dic hiéu mot acid amin twong tng vai nd.

Céu tao: gdm mdt chudi polynucleotit gip khiic lai gidng nhu hinh 14 c6 ba thuy,
c¢6 nhitng doan xo4n kép theo qui tic bd sung gdc kiém: A-U; G-X.

& mot dau chudi c6 3 géc kiém tu do, cac acid amin s& duoc gén vao 3 géc kiém
d6 dé dugc chd vao vi tri tong hop protein & ribosom.

C6 20 loai t - ARN tuong Gmg véi 20 acid amin. Cac acid amin s& két hop véi t-
ARN tuong tmg ctia ludm, tao thanh timg ludng di vao vi tri tong hop protein ma thir
tur sdp xép cua cac acid amin trong mach peptid thi d3 duoc m - ARN qui dinh trudc.

3.3.4.3. ARN ribosom.: Ky hi¢éu r .ARN

Trong luong phén tir loai nay rat D:u 5(’)H
cao 1 - 2 triéu, chiém trén 80olo tong s6 Vi tri gén
. . . . Axit amin C
ARN. Mot ribosom 1la mot hat |
. \ DY . . . Pau s’ C Nhénh T&U
nucleoproteid ma phan acid nucleic 1a _ G |
ARN. Duong kinh cia ribosom khoéng S
200A".
Su tap hop cua chung vai chuc
ngan dai phan tu d6 s€ tao thanh mot  oyu U
\ . - A < o , ~G—A G
nha may vi mé viing chac, c6 td6 chirc U -
mer
hoan héo, c6 du kha nang doc ban mat
mi di truyén trong mach m - ARN va Nbénh DHU Nhdshpbe
thuc hién thong tin d6 ¢ dang mot phén Nuéoh 06 ma 1 )
tir protein dd chuan bi sin va c6 ciu trac e

. Déi ma (anticodon)
dac hiéu.

3.4. NUCLEOPROTEID
3.4.1. Nucleohiston va nucleoprotamin

ARN va ADN thuodng thy trong tu nhién (¢ dong vat, thuc vat cling nhu virus)
du6i dang két hop voéi protein.

- Protein dic biét quan trong 13 histon: tinh chat kiém, trong luong phan tir nho.
Histon ty do cd ciu triic xodn a va hinh nhu cdu trac ndy dugc duy tri trong
nucleohiston.

Gan day mot so tac giai da chimg minh rang nucleohiston chiét suat tir mam dau
chira ARN gén véi protein bang lién két dong hoa tri - Phitc hop ARN - histon chira



8% ARN va 92% protein.

- Trong cac té bao sinh tinh da truong thanh cia nhiéu ho c6 ADN duogc gin
khong phai véi hislon, ma véi protamin, protamin 1a protein c¢é tinh kiém manh, ciing
nhu histon, ¢6 ty 1 arginin cao. Tuy nhién chung co kich thudc khong dong déu va
nhd hon, hinh nhu chiing c6 mang tinh chit dic hiéu chung loai.

3.4.2. Nucleoproteid cua virus

Vudt 1a mot vi du dién hinh vé céc loai nucleoproteid déng nhét va ty trj.

Ba dic diém cua virus 1a: trong té bao dinh dudng ctia vat chu ching thé hién su
c6 mat ciia chiing qua céc hién tugng sau :

- Ty sinh san

- Gay hoi chung bénh

- Kha ning bién di

Nho tinh chat thitr 3 ma virus tré thanh nguyén liéu qui dé nghién ctu vé di
truyén.

Nhu vay két hop chat ché véi vat chu ma vuus biéu hién tit ca moi dic tinh cua
su séng. R4t nhiéu virus di duoc tach ra tinh khiét. Vudt don gian nhat vé& mit hoa hoc

1a gdbm c6 protein va acid nucleic. Protein cé trong tat ca moi virus (tir 33 dén 99%)
bao boc xung quanh acid nucleic, [am nhi€ém vu che ché cho acid nucleic.

3.4.2.1. Virut vi khudn (thwc khudn bdo)

Thudng rat 16n, acid nucleic cua chung thudng 1 ADN xoan doi déu, ndm trong
mot cai "ddu' két tinh nhidu mat di xing, gdm nhiéu don vi nho protein rat giéng
nhau, c6 trong luong phan tir 2.104. Thuong chiing c6 mot cai 'mudi" d& ubn dung lam
co quan gin va chich. Cai dudi ndy c6 thé gdm nhiéu thanh phan, chitc phan va ciu
tric khac nhau nén sb protein trong virus ciing rat 16n.

3.4.2.2. Virut dong vat: C6 thé chira ARN hoic ADN

- Vudt ARN thdy ¢ bao twong, virus ADN trong nhén té bao chii, cac dién hinh
nhu: + Vudt giy bai liét va virus cocksackie 13 nhitng nucleoproteit don gian da dién,
gidng nhu vitus thuc vat.

+ Vudt gay viém ndo va virus gay cam chira ARN ciing mét phén tir lugng nho,
nhung phan t&r ciia n6 da di¢n va kha 16n, vi ngoai nucleoprotein con co6 lipid va
polysacant.

+ Dic biét nhom dang chi ¥ 14 reo virus c6 ARN vong xoan déi bo sung véi
trong luong phan tir cao va gan giéng ADN.

Vubt chira ADN: virus gay bénh mun rép (herpes), bénh dau ga, bénh quai bi,
so1, thuy dau psitlacosis, dai, polima...



Chuong 4
GLUCID

4.1. PAI CUONG VE GLUCID

Glucid 13 hop chét phd bién trong ty nhién va trong co thé sinh vat. Thanh phan
mo bao thuc vat gdm trén dudi 80%, chat kho 1a glucid, mo bao dong vat cé it hon,
khodang trén dudi 2%. Day 1a loai chat hitu co pho bién bac nhét.

Glucid ¢ thuc vat c6 dudi dang chat xo (cellulose dang tinh bot du trit, dang
duong (sacarose, fructose...).

O dong vat, glucid c6 nhiéu trong gan dudi dang glycogen du trit, hodc c6 trong
huyét thanh dudi dang glucose.

4.1.1. Pinh nghia vé glucid
Glucid 14 hop chét hitu co mang ning lugng, nd 13 san phdm cua qua trinh quang
hop: cy xanh nho diép luc da bién CO, va H,O thanh glucid duéi anh sang cia mat
troi:
6CO, + 6H,0 —AMsie , cH 0,+60,
nC6H1205 _—'—_> (C6H1005)n + n H20
C6 thé néi glucid 14 nhitng hop chit ma ¢ d6 quang niang da chuyén sang dang
hoa ning dé sir dung ddi véi da so sinh vat.
4.1.2. Vai tro ciia glucid trong sw song

Cung cip ning luong cho hoat dong sdng, hang ngdy nhu ciu ning luong cia
dong vat dugc bao dam 60 - 80% la do glucid.

- Tham gia vao cau triic ciia cic md bao (nhat 1a mo chdng d5). D6 1a vai tro tao
hinh ctia glucid. Vi du: nhém chat quan trong ctia co thé 14 acid nucleic c6 thanh phan
duong ribose va desoxyribose.

- Ngoai ra, trong doi séng hang ngdy cta nguoi va gia suc, nhitng glucid nhu tinh
bot, duong, cellulose (rom, cd, rau) chiém mot ty 1¢ quan trong trong thyc pham.

4.1.3. Cdc tinh chit ciia glucid
4.1.3.1. Tinh chat Iy hoc ciia monosacand
- Tinh hoa tan va quay mit phang phan cuc

Cac monosacarid dé tan trong nudc, it tan trong rugu, khong tan trong cac dung
mdi hiru co (nhu de, benzen) va c6 kha niang 1am quay mit phang phan cuyc.

- Tinh chdt oxy hod khir



Cac monosacand thé hién tinh khir manh do sy ¢6 mit cac nhoém chirc aldchyd va
don tu do. Trong mdi truong kiém va dun néng, cic monosacand cé thé khir cac con
tam loai (vi du Cu2+ -> cudi Tinh chat nay duoc sir dung dé dinh luong dudng khir noi
chung va glucose noi riéng trong cac mau thuc vat va dong vat. Khi khir céc
monosacand ta thu dugc cic rugu da nguyén tir twong tmg. Cac rugu socbit, ribit von
duoc tao thanh khi khir glucose (hodc fructose), ribose... thuong gip trong co thé séng
va dong vai tro quan trong.

- Phan ung tao este

Khi phan ung véi cac acid, cac monosacand tao thanh cac este, trong do co y
nghia quan trong nhat 1a cac este phosphonc ctia monosacand. Cac monosacand tham
gia vao cc qua trinh trao ddi chat quan trong nhit (nhu quang hop, ho hap) déu & dang
este  phosphoric: aldehyd-3-phosphoglyceric, phosphodioxyaceton, glucose-6-
photphat, fructose-1,6-diphotphat, riboso-5-photphat...

Phan ung voi hydrazin (NH, - NHy) hodc phenylhydrazin (Co6H5 -NH- NH,)
Monosacand tic dung v&i phenythydrazin tao thanh san phdm khong tan -
phenylozazon mau vang. Phenylozazon duoc st dung dé nhan biét duong khi phan
tich. So d6 hinh thanh ozazon ctia monosacand c6 thé biéu dién nhu sau:

//o '

o | Egman
H-C-OH C=N-NH. CH;
HO—%—H +3CJLNHNH2m>HO—%—H
H- C-OH  Phenylhydrasin H-C-0OH +2H,0 + GH,. NH, + NH,
H- E—OH H —(II —OH

égoﬂ EmOH

D-Glucose D-Glucosephenylozazon

- Tac dung véi acid phosphonc

_OH

0 0-P-0
.
“_H g-cZ
|

N\ oH
|
H-C-OH H—(E}[

I
‘IO—(lf—H +H,PO, —-> HO-C-H O
|

H- C-OH H-C-OH
H- |C— OH H- Cli
lG{20H (I'HZOH_
D-Glucose D-Glucose -1- phosphat

4.1.4. Vin dé dong phdn va mach vong cua monosacarid



4.1.4.1. Vin dé dong phan

Mot trong nhitng dic diém cua glucid (vi du nhu glucose va nhiéu monosacand
khac) 13 ton tai dudi nhiéu dang ddng phan.

Mbi phan tir monosacand, tur loai ¢6 3 carbon tré 1én déu chira it nhat mot nguyén
tir carbon bat ddi (nghia 1a 4 hoa tri carbon dugc bao hoa bdi 4 nhém hoé hoc khac
nhau). Vi vay n6 c6 kha ning ton tai & 3 dang déng phan.

- Bong phan quay phai tia phan cuc (+)

- Pong phén quay trai tia phan cuc (-)

- Chat khong c6 hoat tinh quang hoc (raxemat)

Hai d6ng phan dau 13 2 chat d6i khang vé mat quang hoc.

Dua.vao cac dong phan cua triose 1a glycerylaldehyd ngudi ta chia cdc monose
lam 2 hang tuong mg: D va L.

(I:Ho CIZHO
H- C-OH HO -C - H
I I

CH,OH CH,0H

D (+) glycerylaldehyd L (-) glycerylaldehyd.

Vi tri d@é nhan xét hang D va L cho cac duong 13 H va OH ¢ nguyén tir carbon
nam canh nhém rugu bac nhit (CH,OH)

- Néu OH niam bén phai 1a hang D

- Néu OH nam bén trai 1a hang L

Hang D va L giéng nhau vé nhiéu dic tinh 1y héa, ching chi khac nhau vé kha
nang 1am quay mat phang tia phan cuc. Ngoai ra, vé mit dinh dudng cua dong vat gia
trj cia hai loai ciing khac nhau. Trong co thé cha yéu c6 dudng hang D.

4.1.4.2. Vian dé mach vong ciia monosacarid

Trong ciu triic ctia monosacand ta thay c6 nhitng gdc hoat dong & canh nhau nhu
aldchyd va alcol. Do d6 chung c6 kha nang phan ng v&i nhau tao thanh dang din xuét
ntra acetal (hemiacetal) theo so dd sau:

0O H
V4 mdi trudng H,0 /
R-C + HO-R > R-C-OH
\ , \
+ H O-R

Dan xu4t nira - acetal



Khi phan tmg x4y ra trong phan tir monosacand, mdt cau ndi oxy s€ dugc thanh
1ap va monosacand s€ hod dang vong.

H OH
e ~
Cc=0 H - (I:
I
H -C-OH H - C-OH
| . I ?
HO-C-H HO—C—H|
I
H- C-OH H—ci‘—OH
I
H-C-OH H - ?
I
CH,OH CH,OH

D - glucose (mach théng) D - glucose (mach vong)

Dang vong ciia monosacand c6 thé 1 6 canh hay 5 canh. Haworth di dé nghi goi
monosacand c6 dang vong 6 canh la pranose va monosacand c6 dang vong 5 canh la
furanose. Vi ¢6 thé coi 2 dang ndy nhu 13 dan xuét ctia phan va furan.

SNe

Cau nbi oXy cO thé xuét hién gitra nguyén tir C; - Cs (dang Piranose) hoac C;- C,4
loang furanose)

Vi du:

/p\\ HOHC ——CHOH
HOH,C- H? ICHOH HOH CH-CHOH - CH,OH

HOHC CHOH O
CHOH
Glucopiranose Glucofuranose

Haworth cling da dé ra cong thirc phoi canh dé biéu dién monosacand.

& dang vong glucose (hoic cac monosacand khac) c¢6 kha nang ton tai dudi dang
ddng phan khong gian a va p Hai loai nay khac nhau do vi tri H va OH & nguyén tir C,.



H OH

o -D - glucose B - D - glucose
H __OH HO _H
D B

9 £

D61 véi monosacand 16p cetose nhu fructose cling c6 thé & dang ntra acetal,
nhung au ndi oxy s€ xuat hién gitra C, - Cs hodc C; - Cg

CH,OH ICHZOH
|
HO-C HO-C
| |
HO-C-H HO-C-H
| o |
H-?-OH H-F-OH
H-? ‘ H-?-OH
CH,OH CH;
B - D - fructose B - D - fructose
(dang furanose) (dang piranose)

4.1.5. Cic monosacarid phé bién
Trong tu nhién va trong co thé dong vat thudng gip cac monosacand sau:
4.1.5.1. D - Glucose (con goi la duong nho)

Day 1a loai dudng phd bién nhit c6 nhiu trong hoa qua. Trong mau cua gia suc
chtra trung binh 80 - 120mg%, glucose & gan, bap thit dugc tring hop va dy trit & dang
glycogen.

Glucose c6 du dac tinh ctia duong don (kha ndng oxy - hod khur, dang vong, quay
tia phan cuc...).



H OH
~ -~

? =0 H - (I: CH,0H
H-C-OH H -C-0OH 0]
HO-C-H no-c-m | H/H '
H—c:-on H—(:I—OH o \gH H/ OH
H - C-OH H-C—0 H OH
CH,OH CH,0H
D-a- glucose (mach théng) D-a- glucose (mach vong)

4.1.5.2. D - Galactose: con goi 1a dudng sita, co trong thanh phan dudng lactose
& sita va & dang hop chat galactosid ciia ndo (xerebrosid)

H OH
~ Ve
(I: =0 H-C CH,OH
) ]
H- C-OH H- C-OH o}
I I O OH/4 H
HO-C-H HO-C-H
I |
HO-C -H HO-C -H H\CH H/ OH
| |
H- C-0H H-C— H
| | OH
CH,OH CH,OH
D-a- galactose (mach thing) D-a- galactose (mach vong)

4.1.5.3. D - Fructose (fructus - qua) C6 nhiéu trong qua chin, c6 vi ngot manh

nhét.

(|:Hon CH,OH
I
(60) HO-C
| [ ; CH,O0H CH,OH
HO-C-H HO-C-H o
! ! 0
H- C-OH H- C -OH H OH
| ‘ | H OH
H - ('i’ - OH H - CI: OH H
CH,OH CH,0H
D-a- Fructose (mach thing) D-a- Fructose (mach vong)

4.1.5.4. D - Manose: Pugc coi la epimer cua D - glucose vi chi khéac glucose ¢ vi
tri C2 v€ nhom oa.

Manose thuong thiy ¢ hoa qua (vé cam) va trong phirc hop véi may loai protein
(nhu albumin, globulin, chat nhay mucoid)

4.1.5.5. Cac pentose: 1a loai monosacand 5 carbon, trong tu nhién c6 dudi dang
da dudng pentosan (6 rom, c¢d) hodc mdt it tw do (¢ qua chin).

Trong co thé gia stic ¢ D - ribose va D - desoxyribose 1a nhém chit quan trong



nhat trong nucleoproteid.
4.1.6. Cac dén xudt chinh ciia monosacarid

4.1.6.1 . Cac phospho - este (hesose - phosphat)

Céac monosacand nhu glucose, fructose.
H3ro4 thanh dang glucose - phosphat.

H - c%} H-C_oO
(IICHOH)3 (&HE|

H - C Ho& ]

EHZOH Icmp@

Glucose - 1- phosphat ~ Glucose -1,6 - diphosphat.

.. trong mo bao sinh vat dé este hod vdi

Loai chat ndy rat quan trong trong qué trinh trao d6i vat chat va giai phong ning
luong cho co thé dong vat.

4.1.6.2. Dan xudt chira quan (hexosamin)
Mot nhém OH (thudng & vi tri C,) dugc thay bang NH,

Trong co thé dong vat, loai dudng quan nay cé trong protein chat nhay ¢ cau tric
mot sO mo.

Hai chét thuong gip:
) 0]
V4 4

C-H C-H
H- cI - NH, H- (l: NH,

HO - ('J -H HO - (II H

H- (|Z - OH HO - CIZ -H
H- Cll - OH H- (II - OH
|CH20H éZH20H

D - glucosamin D - galactosamin.

4.1.6.3. Nhom glucosid

Vé ciu tao, glucosid 1a nhitng hop chit este giita monosacand va chat khong
glucid nhu ruou, metyl, acid xyanhydric goi chung 13 gc aglucon.

Phan 16n glucosid ty nhién 1a nhitng chat doc, nhung véi lidu luong nho vira phai
lai ¢6 dugc tinh rat gia tri. Vi du: Saponin (duong + saponegin) 13 thudc long dom.

4.2. PHAN LOAI GLUCID

Co s0 phan loai: Nguoi ta thuong phan loai glucid dya theo mirc do phtrc tap cua
phan tir, lay duong don lam co sé.



Chia lam 2 loai chinh:
4.2.1. Logi ose

O se la nhiing duong khong thuy phan dugc nira thuong con goi la duong don
hoic monosacand. Tuy theo s6 nguyén tir carbon, loai OZA chia thanh cac nhom:

- Triose (C53H¢O5)

- Tetrose (C4HgO,)

- Pentose (CsH;¢Os)

- Hexose (C¢H1,04)

4.2.2. Loai osid

La nhitng glucid phirc tap do nhiéu monosacand ghép lai. Loai nay gdm 2 nhém
16n:

4.2.2.1. Holosid

Khi thuy phan cho toan monosacand, nén con goi 1a glucid don thuan, nhém nay
chia ra thanh:

Oligosacand (hoac oligose): cau tric don gian gom tir 2 dén 3 monosacand nén
con goi la disacarid va trisacand.

- Polysacand (polyose) cau tric rat phuc tap gdm nhiéu monosacand, mot sd dai
dién nhu: tinh bot, glycogen, cellulose...

4.2.2.2. Heterosid

Khi thuy phan, ngoai monosacand con thdy nhiéu nhom khéng phai glucid (nhém
aglucon).

Duéi déy ta 1an lugt nghién ciru timg loai néi trén.

4.3. LOAI OSE

Xét vé cdu tric, monosacarid 1 nhitng dan xuat aldehyd va ceton ctia ruou nhiéu

nguyén tur va tuong tu nhu vay ta c6 aldose hodc cetose.

. CH,0H

e I
F -H C=0
I
H - IC— OH), (H - C -0R),
I
CH,OH CH,OH
(aldose) (cetose)

4.3.1. Triose (C3;Hz0;3)

Dy la nhitng monosacand c¢6 3 nguyén tir cathon. Pai dién ciia nhom nay la



glycerylaldehyd va dioxyaceton.

/O
C-H FHon
H - |C - OH C=0
lCH20H (|IH20H
D - glycerylaldehyd Dioxyaceton

4.3.2. Tetrose (C,Hz0,)

Tetrose 1a monosacand ma phan tir ciia n6 c6 4 carbon. Trudc kia loai nay khong
duoc cac nha sinh vat hoc chu y 1dm, nhung sau ndy nguoi ta thiy khi thuy phan
glucid, trong nhitng san pham trung gian cta qué trinh trao doi chat, cing véi dang
phosphoryl cta loai hexose, pentose, con c6 dang tetrose nhu eritrophosphat.

o
H- (:Z - OH
H- C -0OH
lcr120H

Eritrose
4.3.3. Pentose (CsHy)05)

Mot so dai dién cua loai monosacand 5 carbon nay la:

H H H
/ / 6_
C=0 C=0 CH,0H CH,OH C=0
H-¢-0H H-C- H t=0 ¢=0 H-C-OH
H-C-OH H-C-OH H-C-OH HO-C-H -C-H
H-C-OH H-C-OH H-C-OH H-C-OH HO-C-H
CH,OH CH,OH CH,OH CH,OH | CH,0H

D -ribose D-deoxyribose D -Ribulose D -Cxilulose L - Arabinose

Pentose c6 thé t6n tai & dang vong, ching tham gia vao thanh phin clia acid nucleic.

HO.CH, O\ g HO.CH, O~ _ g

H\H H/ OH H\H H/ OH
OH OH OH H
D- Ribose (a-D-ribofuranose) 2-Deoxy-D- Ribose (a-2Deoxyribofuranose)

4.3.4. Hexose (CsH,04)



Trong co thé déng vat va nguoi, nhimg hexose thudng gip 1a: glucose, fructose,
mannose, galactose (mot phﬁn hexose ¢ trang thai tu do, mdt phﬁn ¢ dang lién két
trong thanh phan cta polysacand. Hexose tr nhién: glucose, fructose, mannose,
galactose thudc loai cau tric ddy D - & trong diéu kién phong thi nghiém cé thé nhan
duoc duong day L.

Tat cd monosacand tu nhién cd vi ngot va dé hoa tan trong nuéc. PO ngot cua
mdi loai duong khong giong nhau.

Monosacand loai hexose twrong d6i phd bién nhu ching ta da trinh bay ¢ trén.

4.4. LOAI OSID

Osid gdm 2 loai chinh:

- Loai osid thuan nhat (hay con goi 1a holosid) gdm toan o se.

- Loai osid khong thudn nhat (heterosid) loai nay ngoai cac o se ra con c6 nhom
ghép khong phai glucid.

Ta lan lugt nghién ctru may loai phé bién sau day:

4.4.1. Loagi holosid

Tuy sd luong monosacand tao thanh ma nhém holosid chia ra: disacand,
tnsacand, polysacand.

4.4.1.1. Disacarid. (hay con goi la dwong kép)
N6 dugc thanh 1ap do 2 monosacand hop lai qua mach osid sau khi khir d1 mot
phan tir nude .
Thanh phan nhitng duong kép cha yéu nhu sau:
-Maltose — glucose + glucose
-Lactose — glucose + galactose
- Celobiose — glucose + glucose
- Gentibiose—  glucose + glucose

- Saccarose — glucose + fructose
- Turanose — glucose + fructose

May chat dang chu ¥ la:

- Saccarose: (a glucosido - 1,2, B - fructose) lién két glucosid giira C; ctia glucose
va C, cua fructose.



CH,OH

0]
H
y 0]
OH OH H
H OH ‘ CH H
o - D - glucose - fructose

Loai nay con dugc goi la duong mia hay duong cu cai dudng (mia c6 20%, cu cai
duong c6 27%).

Saccarose khong con nhom OH glucosid tu do nén khong cho nhitng phan ing
oxy - hod khu.

- Lactose (P - galactosido - 1,4, a - glucose) dudong cua stra ham lugng lactose
thay ddi tuy loai sira. Dy 1a loai duong kép doc nhat duoc tong hop ¢ co thé gia suc -
Lactose co tinh oxy hoa khir dién hinh cta duong.

H - CH,0H
H / OH H H H /'H Q H
ou\ H 5 o OH H /on
CH,OH ' H OH
P - galactose a - glucose

Maltose (a - glucosido 1 ,4 - a - glucose)

Con goi 1a duong mach nha. Pudng nay sinh ra trong 6ng tiéu hoa do sy thuy
phan tinh bot hodc glycogen bdi men amylase.

CH,OH CH,OH
0 6]

H /'H H H/H H
on \CH H o OH H /on
H OH  H 'OH

o - glucose o - glucose

- Cellohiose: (B - glucosido - 1,4, B - glucose) 1a duong kép thu dugc khi thuy
phan cellulose chua triét dé.

CH,OH CH,0H
Q 0
H /' H H//H OH
HO \CH B /4 OH H /4
H OH H OH

B - glucose B - glucose



4.4.1.2. Polysacarid

Polysacand 14 loai da duong cé trong lugng phan tir rit cao, do nhiéu gbc
monosacarid hgp lai ma thanh. Cong thirc chung cua polysacand 1a (CsH;oOs)n.

cac loai polysacaridé dang ké nhat la:
- Tinh bot

- Glycogen

- Cellulose

- Chitin

Tinh bot

Tinh bot 1a loai glucid dy trit cua thyc vat dugc lluul thanh trong qué trinh quang
hop. N6 13 ngudn thirc dn rat quan trong doi voi dong vat, nhat 13 dong vat ndng
nghiép. Phan ung dic trung nhit cia tinh bot 1a tic dung véi iod (hodc dung dich
luém) cho mau xanh cham.

Ham lugng cua tinh bt khac nhau ¢ cac loai thuc vat:
Vi du: gao té chtra khoang: 75,81%
ngo chura khoang: 70,08%

Cau tao hoa hoc cua tinh bot dugc tao thanh tir cac géc a glucose g@)m 2 thanh
phan: + Amylose (chiém 10 - 20%) - chét nay tan trong nudc, khong tao ho, véi iod
cho mau xanh, cac gdc a - glucose duoc lién két voi nhau qua mach glucosid 1 - 4 tao

thanh mach thang.
CH,OH CH,OH
——0 f—0
H /H H H /H
.O\OH H © OH H/ 0.
H OH H OH

+ Amilopectin (chiém 80 - 90%) khéng tan trong nudc véi iod cho mau tan do
gdm céc gbc a - glucose lién két v6i nhau qua mach glucosid 1- 4 va 1-6 tao cho phan
ttr tinh bot co cau tao phan nhanh.



0 Q
H/} H H/4
O\OH H/! o) OH H
n OH u OH CH,
0
B/h

-O-\ OH H
H OH

Glycogen (hay con goi la tinh bt dong vat)

Do 1a loai glucid du trit trong gan va mo6 bao dong vat. Chu tao hoa hoc cua
glycogen gidng tinh bot, tirc 13 ciu tao tir cac a - glucose, nhung mirc d6 phan nhanh
cua glycogen manh hon .

Ceuulose (hay con goi 1a chat x0)

Do 1a loai polysacarid phé bién nhét cta thuc vat. N6 duge ciu tao tir nhidu géc B
- glucose qua mach - glucosid 1- 4 tao thanh chudi thang khong phan nhanh, sé luong
B - glucose khoang vai chuc van. Trong thuc vét, cellulose lién két thanh cac bo soi 1a
céc mi xen qua céc lién két hyGrogen.

Ceuulose chi bj phan hod bdi enzym ceuulase vi sinh vét cho nén co thé gia stic
mubn sir dung cellulose phai nho sy hoat dong cua vi sinh vat cé trong da cd cua loai
nhai lai béi vi trong co thé gia stuc khong cé enzym cellulase.

Ngoai cac loai dudng thudng gip néi trén chung ta con gip mot sd da dudng
nhu: chinh, mudn, hemicellulose, dextran...

Chitin

Chitin 1a mot polysacand thuan duoc ciu tao tir cac don vi N-acetylglucosanlin
nbi véi nhau bang lién két p - glucosid 1- 4. Sy khac nhau duy nhat vé mat héa hoc
gitra chinh va cellulose 1a sy thay thé nhom hydroxyl ¢ vi tri C, bﬁng mot nhom duoc
acetyl hoa (CO;-CO-NH-):



Chitin c6 dang soi giong nhu cellulose va dong vat ciing khong tiéu hoa dugc
chinh. Chitin 1a thanh phﬁn co ban cua l6p vo cung cua nhiéu loai sinh vat, 1a
polysacand pho bién trong tw nhién chi sau cellulose.

Inulin: 1a mot polysacand du trir ciia thuc vat. Pon vi cAu tao 1a fructose. Trong
luong phan tir ciia insulin thap vi nd chi c6 khoang 30 goc fructose, do d6 polysacand
nay dé dang hoa tan trong nudc.

& loai ngii coc thoi ky phat trién dau thuong c6 da dudng ciu tao do fructose. Khi
chin mudi da duong nay sé& phat trién thanh tinh bot.

Hemiceuulose: Diy 13 tén chung ciia nhiéu loai da duong thuong gip trong rom,
g0, 16i ngo...

Da duong loai nay néu c6 don vi céu tao tur:
+ Mannose thi goi 1a mannan

+ Arabinose thi goi 14 araban

+ Galactose thi goi la galactan

+ Cylose thi goi 1a cylan

Dextran: 13 san pham cua vi khuan

Dextran ciu tao tir o -glucose ndi mach glucosid 1 - 4 va 1 - 6, nhung khac
glycogen, mach glucosid 1 - 4 ¢ day la mach r¢.

4.4.2. Loai heterosid

Heterosid 1a loai da duong khong thuan nhat, c6 cau tao cao phan tir va cau tric
phuc tap. Trong thanh phan cua n6 ngoai cdc monosacand ra con cd ciac dan xuat cua
monosacand nhu hexosamin, hexosulfat...

Heterosid chia 1am nhiéu 16p khac nhau tuy tinh chét va ciu trac. Pang ké nhat 13
2 16p:

- Glucopolysacand

- Mucopolysacarid

4.4.2.1. Mucopolysacarid: (mucor - chat nhay)

Day la loai da duong thudng gap trong mo lién két, & chat trung gian giita cac té
bao va & cac dich nhay. Ba loai mucopolysacand dang chu y 1a:



- Acid hyaluronic

Loai da duong nhdy nay c6 trong dich bao khdp, trong thuy tinh thé mat, trong
nhiéu mod bao cua dong vat khac.

Trong lugng phan tir khoang 200 - 500 nghin, hoa tan trong dung dich rat nhot.
Nho dic tinh nay nén acid hyaluronic duge vi nhu chit xi mang gan véi cac té bao cia
mb trong co the.

Khi thuy phan acid hyaluronic ta thu dugc N- acetylglucosamin va acid D-
glucoronic.

Hai thanh phan nay noi v4i nhau theo su du doan sau:

B CH,OH COOH o]
O H o)
H' H H H
—o
OH H OH H O]
n
| H NH-CO-CH, g OH —

Nhiéu vi khuan c6 kha nang pha hoai mach mé bao, noc ong, noc ran... c6 loai
enzym hyaluronidase phan giai acid hyaluronic. Enzym nay 1am hong chat nhay gin té
bao nén vi khuan dé hoat dong.

Pau mili nhon cia tinh tring ciing ¢6 acid hyaluronic nén tinh tring c6 kha ning
xam nhap vao té bao tring dé thuc hién qua trinh thy tinh.

- Chondroitin sulfat
Chét nay chira nhiéu trong mé lién két, ¢ chat tinh kiém cua sun dudi dang phtrc
chat nhay chondromucoid.

Trong luong phén tir rat cao gom acetyl-galactosamin, acid glucoronic - cau triic
du doan nhu sau:

— CHOS0H COOH ]
——0
OH (o)
H
OH H
H H ol H/ )
L § NH-CO-CH, o
H OH

Heparin (Hepar - gan)
Day 1a loai da dudng tim thdy dau tién & gan, sau d6 & co, tim, phoi...

Trong luong phan tir khoang 17.000 thanh phan gdém galactosamin, acid
glucoronic va gbc sulfat.



Céu triic du dodn nhu sau:

B CH,OH COOH T
H Un
HO,S0 \OH OH H .
— H NH-SO,H H OH —

Hepann c6 kha ning lién két v6i trombokinase, 1am cho chat nay khong tham gia
vao qua trinh dong mau dugc. Chinh ¢ miéng con dia ciing c6 chit hepann ndy, cho
nén khi dia cin mau thuong chay ra nhiéu, khé dong.

Trong y hoc va thu y hepann duoc ding lam chéat on dinh méau va chéng dong
mau (khi truyén mau).

4.4.2.2. Glucopolysacand

La loai da duong phtrc tap co tinh keo nhu mucopolysacand nhung khong chira
dan xuat an lin nhu hexosanin. Pai dién cia nhém nay thudng la:

- Pectin thyuc vat: 1a nhitng chét gilt vai tro nhya ga"m té bao mo thuc vat.

- Glucopolysacand cta vi khuan: thudng c6 trong cdu tao giap md, ¢ dic tinh
bén ddi voi men tiéu hoa. 'Nho vay vi khuan séng dugc trong nhitng méi truong nhu
nudc bot, dich rudt...



Chuong 5
LIPID

5.1. PAI CUONG VE LIPID

5.1.1. Khdi niém chung

Lipid 14 16p hop chat hitu co pho bién trong ty nhién va trong co thé dong vat,
thuc vat va vi sinh vét. Lipid c6 dac tinh khong hoa tan trong nude, chi hoa tan trong
cac dung méi hitu co nhu de, cloroform, benzen, cdn, aceton... (nhung khong phai moi
lipid déu hoa tan nhu nhau trong tit ca cac dung méi ndi trén, ma mdi lipid hoa tan
trong dung moi twong ung cliia minh, nhd dic tinh nay ngudi ta c¢6 thé phan tich riéng
tung loai).

Tén goi lipid (bt ngudn tir chir Hy-lap lipos: m&) dung dé chi chung céc loai mé,
diu va cac chat béo giéng md & dong vat va thuc vat.

Vé mit hoa hoc lipid 12 nhitng este gita alcol va acid béo dién hinh 1a chat
triglycerid.
CH,-O-COR, (IZHZOH

|
CH-0-COR, ——— CHOH + 3R COOH

I |
CI_Iz' O' a)R; CI'Ion

Triglycerid glycerin acid béo

5.1.2. Vai tro cua lipid

Lipid dbi v&i co thé sinh vat ¢ nhiéu y nghia quan trong:

Churc nang duy trir nang luong

Lipid 1a chat du trix nang luong, tiét kiém thé tich nhat, khi oxy hod 1 gam md co
thé thu dugc 9,3 Kem. Pem so véi luong cam ciia mot gam dudng hodc protein (4,1
Kcalll gam) thi lvong cam san ra cua lipid nhiéu gip d6i. Nhu ciu ning luong hang
ngay ctia dong vat do m& cung cip khoang 30% hoic hon nira.

Chire néing cdu tao mang té bao

Trong mang sinh hoc lipid & trang thai lién két v6i protein tao thanh hop chét
lipoproteid chinh nhd tinh chit cua hop chit ndy da tao cho mang sinh vat ¢ duoc tinh
tham thau chon loc, tinh cach dién. Do 1a nhitng thudc tinh hét stitc quan trong cua té
bao sinh vit.

Chirc nang dung moi hoa tan vitamin

Lipid 14 dung mdi hoa tan nhiéu loai vitamin quan trong nhu vitamin A, D, K, E.
Vi thé néu khau phan thiéu lipid 1au ngay thi dong vat d& méc bénh thiéu vitamin ké
trén.



Chirc nang bao vé co hoc

Lipid dudi da cua dong vat co tic dung goi dém va gilt am cho co thé nho tinh
ém, dan nhiét kém.

Churc nang cung cap nudc noi sinh

Doi voi loai dong vat ngu dong, dong vat di cu, cac loai sau kén lipid con 1a
nguodn cung cap nudc, vi khi oxy hoa long mé thi ¢6 107g nudc dugc sinh ra.

Ngoai ra, lipid con c6 thé lién két voi nhiu chit don gian khac thanh nhitng phic
hop c6 tinh chét sinh hoc khac nhau. Nhitng phirc hop 4y giit vai trd quan trong trong
céc hoat dong vé than kinh va bap thit.

5.1.3. Thanh phén co bén ciia lipid

Trong phan 16n céc chat lipid ¢6 chira hai thanh phan chinh 14 alcol va acid béo.

Alcol va acid béo duoc ndi voi nhau bang lién két este hodc lién két amid. Ngoai
ra, lipid con c6 thé két hop véi glucid tao thanh glucolipid c¢é vai trd cau tric mang
hoic két hop véi protein tao thanh lipoprotein giir vai trd quan trong trong viéc hoa tan
va van chuyén lipid trong mau, giup hap thu vitamin tan trong lipid.

5.1.3.1. Alcol cua lipid

Alcol cua lipid duoc chia thanh nhiéu nhom khéac nhau: glycerol, cac alcol bac
cao, aminoalcol va sterol. Ngoai ra, trong tu nhién con cb alcol khong no, vi du phytol
(1a mot thanh phan cua chlorophyl va lycophyl) 1a mot dthydroxylalcol khéng no co
nhiéu lién két doi 1 chat mau do tia trong ca chua.

Glycerol 14 mot alcol da chic c6 trong thanh phan cdu tao glycerid va
phosphatid.

CAu trac cta glycerol nhu sau:

G'Iz a'Iz C['IZ—OH
VNN I

HO Ci TOH hay CH-OH
I I

OH CH, - OH

cac alcol cao phan tir thudng tham gia vao thanh phan cta cac chat sap.

Aminoalcol tham gia vao thanh phén ciu tao cua cerebrosid va mot sb
phosphatid, Aminoalcol thuong gap la:

- Sphingozin (thanh phan cau tao cta sphingolipid):
CH, - (CH,),, - CH = CH — CH(OH) — CH(NH,) - CH,0H

- Cerebrin c6 nhi€u trong nam men, hat ngo):

CH, — (CH,),; — CH(OH) — CH(OH) — CH(NH,) - CH,OH



- Sterol: tiéu biéu cho sterol 1a cholesterol trong mé bao dong vat. Sterol khi este
hoa véi acid béo tao thanh sterid.

5.1.3.2. Acid béo

Tinh chét cua lipid phu thudc rat nhiéu vao thanh phan acid béo. Acid béo cd
nhiéu oai: mach thang, mach nhanh, mach vong. Do bio hoa (no) cia acid béo khac
nhau gdy ho md c6 tinh tan chay & cac nhiét d§ ri€éng biét. Trir mot vai truong hgp ca
biét, con han 1én céc acid béo déu chira chudi cac bon chin.

Céc acid béo thuong gap:
Tén goi cong thire Noi ¢6 nhiéu
- Acid butylic CH;(CH,), COOH M@ stra (bo)
- Acid caproic CH;(CHy), COOH Bo, dira
- Acid caprylic CH;(CH,)s COOH Bo, dira, ndo ca
- Acid palmitic CH3(CHz)14s COOH Déau m& dong, thuc vat
- Acid steanc CH;(CH,)s COOH Dau m& dong, thuc vat

CH;(CH,),s COOH

- Acid arachidic Dau lac

5.2. PHAN LOAI LIPID

Co s& dé phan loai lipid: Dya vao thanh phan hod hoc ngudi ta chia lipid ra 1am 2
16p: Lop lipid don gian: 1a nhitng este cua alcol va acid béo.

- Lép lipid phirc tap: ngoai alcol va acid béo con c6 chira cac dan xuéat phospho,
azot, sulfua...

5.2.1. Lop lipid don gidn
Bao gdm: - Cac glycerid trung tinh
- Céc sap tuc cerid
- Céc sterid
5.2.1.1. Mo trung tinh (triglycerid)
* Pai cuong
Chét béo 13 este ctia glycerin va acid béo, do d6 nguoi ta con goi 1a glycerid.

M& dy trit trong co thé & cac mé md. S6 luong cua nd thay doi tuy trang thai hé
than kinh, tuy khau phan, tuy gidng duc cai, tuy tudi va cac yéu t6 khac nita. S6 luong
d6 co thé xé dich trong khoang 10 - 30% so v&i thé trong (Ion vd béo c6 thé 1én téi



50%).
* Céng thite cau tao hod hoc ciia mé (triglycerid)
ICH, -0-Q0R,
CH-0-COR,
CH,- O-COR,
Day 1a este cta glycerin va ba gdc acid béo (R;, R,, R;) & dong vat cic acid béo ndy
huong la: stearic  CH, (CH,),, COOH
‘palmitic 'CH, (CH,),, COOH
oleic C,:H,,0,.
va moét s6 loai khac

Néu R, R,, R; giéng nhau goi la mo& déng nhét, con R;, R,, R; khac nhau goi la
m& hon hop. Loai sau thuong phd bién hon.

Vidu:
CH, - O - CO C,;H,, CH, - O - COCH,,
ICH-o-cocuH,, (IIH-O-COC,,H,I
é:H2 -0- 00 C,Hy, (':H2 -0-C0C;Hy,
(Trioleid) (Capropalmito stearic)

* Ly hoa tinh cua lipid
Nhiét d6 tan chdy cia m& thip

Mbi loai m& c6 do tan chay khac nhau phuy thudc vao do bao hoa cua acid béo ma
no chtra. Do bao hoa thép thi nhiét do tan chay thép va nguoc lai. Nhiét dJ tan chay
ctia mot sb loai m& nhu sau:

M& bo: 25 - 30°C
MG& lgn: 36 - 45°C
M& ga: 33 - 40°C
Dau lac: - 34°C (4m)

Trong mdt co thé dong vat, m& ¢ cac mo khac nhau nén nhiét do tan chay cling
khong gidng nhau.

- Tinh nhii tuong (emulsio)

M& khéng hoa tan trong nuéc va do ty trong thip (0,866 - 0,973) n6 ndi trén mit
nude. Khi cho vao hdn hop nudc va m& mot so chat nhu protein, acid mat, xa phong
va lac manh thi sau dé ta dugc mot dung dich gid, mau sira goi 1a nhii tuong. Trong
nhil tuong, md bi phan tan thanh nhitng hat nhé ly ty va moi mot hat bi ¢ 1ap boi mot
16p chét gay bén nhil twong (xa phong, acid mat...) va 16p nudc. Nguyén nhan cua hién



tuong 1a do céc chat nay da lam gidm strc cang bé mat ciia hat md nén md bi phan tan

nho va khong lién két thanh khéi v6i nhau duge, trong qué trinh tiéu hod & ta
trang, acid mat di nhil twong hod m& dé ting hiéu qua tac dung ctia men lipase.

-Chi s6 iod
Chi sb iod 1a sb gam iod tac dung vd6i 100 gam md, chi sb nay biéu hién d6

khong bao hoa ciia md, vi 10d lién két vao cac mach kép.

-CH=CH-+12-+-(|:H-?:H-
I I
Chi s0 iod ciia m& bo 1a 30, cua m& nguoi 1a 64.
- Chi s0 acid: 1a s6 mo KOH can thiét dé trung hoa 16 md. Chi s6 nay noi 1én si
acid tu do cuia ma@, tuc la trang thai tét xau cia md (md cli cé nhic€u acid béo tu do).
N¢éu chi s6 acid cao, ching t6 s6 acid ty do nhiéu.

- Chi s xa phong hoa: 13 s6 moé KOH can dé xa phong hoa 1 gam md.

Chi s6 nay biéu hién trong luong phan tir cta acid béo. Néu trong luong phén tir
thalj thi chi s6 xa phong ho4 lai cang cao va nguoc lai.

- Tac dung cua O, va H,
Duéi tac dung cia oxy mach kép s& chuyén sang dang aldehyd lam hong mé& vi
thé m& can bao quan kin dao ddi voi khong khi.

-CH=CH- +0, ~—>-fH-CH—+-|CH-?PI

aldehyd perosid
Mach kép con co6 kha niang lién két véi H, trd nén bao hoa, bién md tir dang long
sang trang ran.
-CH=CH- +H,—> -CH,-CH,-
5.2.1.2. Sap (xerid)

Sap co trong dong vat cling nhu thuc vat, sap 1a nhirng este cua rugu va acid béo
thudc 16p cao phu tir. Ruou déu 1a bac mot (- CH,OH).

R = O - C - Rl
I
O
R- 13 gbc alcol nhu alcol cetilic, hexacosanol...
R;- 1a gbc cac acid béo nhu acid palmitic, cerotiric...

No6i chung nhing acid va alcol trong thanh phan cta sap chira tir 16 dén hon 30



nguyén tir carbon.
Vi du nhu Sép ong: C30H61 - 0CO - C15H31

O nhiét d6 thudng sap ¢ thé ran, khong tan trong nudc, it tan trong ruou, nhung
tan trong dung moi hitu co.

O thuc vat sap tao thanh 16p mong bao phu 1ay than, 14, qua. Lép sap bao pha &
qua gitr cho chiing khoi bi thAm nudc vao, khoi bi kho va khoi bi vi sinh vat 1am hai.
Sap duogc Uing dung rong rai dé 1am nén, sap boi va céc thude cao, mot sd dai dién
dang chu y la:

* Spermacet

Spermacet c6 trong dich 1ong cta xoang so ¢4 voi, ¢4 nha tang... cong thirc ciu
tao gém:

CeHyy-0-CO-CeH, —29, ¢, H,OH + C,H, COOH
spermacet alcol cetylic  acid palmitic

Loai alcol cetylic con gip trong m& nhon & phao cau g, vit. Nguoi ta cho rang
spermacet c6 tac dung lam 16p bao v¢ 16ng va da dong vat dbi voi anh hudng cua
nudc.

* Lanolin

Lanolin 1a hén hop nhiéu este cua acid béo va ruou. Loai chét nay co nhiéu &
16ng ctru lanolin d& ngdm nudc thanh chit quanh nhuyén ding trong k§ nghé nudc
hoa, xa phong.

* Sap ong

Sap ong hon hop ciia nhiéu este

CyHy -O-COCH,, —*2 5 ¢ H, O0H + C,H, COOH
Sép ong : Alcol melisic Acid palmitic

5.2.1.3. Sterid

Sterid 1a nhitng este ctia rugu da vong nhu cholesterol va acid béo cao phan tir
loai palmitic , oleic . . .

Sterid (hodc cholesterol) 1a din xuat ctia nhan cyclo-pentan perhydrophenantren
(ma cyclopentan pethydrophenantren 1a trung hop cua cyclopentan va
pethydrophenantren).
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Cyclopentan 10 8
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Perhydrophenantren Nhén cyclopentanhydrophenantren

Sterid 1a dan sudt cua cholestan

CH;  CH, CH,
CH,
CH,

Cholesterol: 12 mét rugu bac hai (- CHOH)

CH,  CH, s
_CH, _CH-CH
cH, CH, = '“CH,

HO

C4u tao hod hoc ctlia cholesterol

Cholesterol ludn ludn c6 & trong mau va mo bao. Néu acid béo lién két véi nd
qua nhom OH, ta dugc mot este la cholesterid. Hai loai nay ¢6 & nao to1 10 - 12% va
thuong & dang tu do hodc phirc hop véi cac chat khac, trude hét 1a protein Cholesterol
khong hoa tan trong nudc, hém, acid, chi tan trong de, benzen, clorofonn...

O co thé dong vat gia luong cholesterol cao. Trong da dong vat, cholesterol co
du6i dang oxy hoa 1a 7 - dehydrocholesterol (mach kép giita 7 - 8). D6 1a chat tién
vitamin D3' n6 s& bién thanh vitamin duéi tac dung cua tia tir ngoai (md mach 9 - 10)
v6i budc song 260mu cho nén ngudi ta cho gia stc tim nang vao budi som 1a dé ting
cuong vitamin D.

CH, CH, CH, CH,  CH; CH,

tia tlir ngoai

P
!

A = 260mp
OH OH’

7-dehydrocholesterol vitamin D,



Nhom sterid thyc vat dang chi y nhét 1a ergosterin c6 trong men bia, nam ra,
n6.co6 kha nang bién thanh vitamin D2 uol tac dung cua tia tir ngoai (mé mach 9 -
10).

5.2.2. Lop lipid phuec tap

Loai lipid phtic tap c6 ¢ gan, tim, than, ndo... va hau hét cac té bao thuc vat, dic
bié¢t 1a hat cta cay cé dau va cay ho dau, khac véi lipid don gian, trong thanh phén cua
lipid phtre tap ngoai acid béo va alcol ra, con chira phospho, Nito, Iuu huynh, glucid...

Loai nay gdm co:
5.2.2.1. Phospholipid (phosphatid)

Phospholipid 1 mot nhom chat hitu co gibng md, tac 1a loai lipoid, ¢ nhiéu
trong ndo, ddy than kinh va & Cac Co quan nhu gan, tim, than va ¢ long do tring.

Cac dai dién cua phospholipid thuong ¢ dang lién két véi protein trong
lipoproteid ciia vach té bao va ciia noi khi quan & té bao chat. Him luong phosphatid
ctia 10ng do trimg ga gdm 6,5 - 12%, & sita tuoi c6 khi téi 100 - 110mg% (c6 nghia 13
ctr 100mg phosphatid chira trong 100ml md).

Trong céu triic ctia phosphatid ta thdy c6 acid phosphoric va nhiéu hop chit khac.

Phén alcol trong phosphatid c6 thé 1a glycerin, inosid hodc sphingosin... do d6
photphatid c6 tén goi tuong ung véi alcol la: glycerophosphatid, inositphosphatid,
sphingophosphatid.

Sau déy ta xét 1an luot timg loai:
* Glycerophosphatid

Thanh phan ciu tao gdm: glycerin, acid béo, acid phosphonc va mot gbc chira
azod (Nito)

Pang ké nht c6 miy chat sau day:
a -Lexitin: (cholinphosphatid)

Chét nay c6 nhiéu trong long dé trimg (chit Hy lap Lekitos - long d6), trong mo
va huyét thanh dong vat, cong thirc hod hoc nhu sau:



la_Iz'O'le
B CH- O- COR,

I OH
o CH,-O- P-O-CHZ-CHZ-II\T = (CH,),
I ;
0 OH

Cholin ¢6 c4u tao:
(')H (')H
CH,-CH, -N = (CHy),

Céc lexitin khac nhau do gdc acid béo, do vi tri cta acid phosphoric & a hay & ~
Co thé dong vat phan nhiéu chira . - lexitin.

Trong phén tir lexitin c6 carbon bat d6i nén c6 dong phan quang hoc. Cac acid
béo thuong gdp trong lexitin ty nhién 1a steanc, palmitic, oleic, linoleic, arachidic... khi
phan lap ta thiy lexitin 1a chét két tinh tring, thé sap, ra ngoai khong khi d& hoa sim vi
acid béo khong bao hoa bi oxy hoa.

Trong noc ddc cia ran, cia ong, hoic ¢ vi khuan (nhu truc tring clostidium
welchu) c6 enzym lexitinase A (con goi 13 phosphatidase) khi thuy phan tach mat mot
acid béo bién lexitin thanh lisolexitin. Day 1a mot chét c6 tac dung 1am v& hong cau rat
manh (tinh chét tiéu huyét hoic 1am dung huyét).

CH,- O-COR, lexitinase A  CH,-O-COR,
I —_— i
CH-0-COR, - RCOOH CH - OH
| OH | OH
(H,-0-P-0-CH,-GH,-N=(Gy),  G,-O- P-0-QH,- O, N=(ay),
|
o) OH o) OH
o - lexitin Lisolexitin

Lexitin ung dung rong rdi trong cong nghiép thuc phim (san xuét socola,
margann, lam chit ngin ngtra chat béo khoi bi oxy hod)

b -Cephalin (colamin phosphatid)

Chét nay dugc phat hién ¢ ndo (chit La tinh Cephalus - dau) sau d6 con thiy phd
bién & moi mé bao khac cua dong vat, thuc vat. Cong thirc hod hoc cua chét nay chi
khac lexitin & nhém chira azod, nhém nay c6 tén la colamin hoac etanolanun.



(IZHz- 0-COR, (|ZHZ-CHZOH

CH - O-COR, NH,

| OH

c:Hz-o-I;-o-CH,-(:Hz-l\IH2 (Cholamin)
0

(Cephalin)

Cephalin, khac véi lexitin, khong hoa tan trong con, khi mét mot acid béo, chét
nay cling trd thanh dang lizoxephalin 14 chat dung huyét.

CH,-O - COR, CH, - 0- COR,
CH-O-COR, CH - CH
| E H
CH,-O-P-0-CH,-CH, - NH, CHz-O-Ilr-O-CHz-CHz-NHz
Il
o 0]
Cephalin Lisocephalin

¢ - Serinphosphatid: Co nhiéu ¢ trong néo .

Cau tric hoa hoc chi khac hai loai trén & nhom chia azod 14 mot acid amin-
senil, c6 tai liéu cho rang serinphosphatid chiém gin 50% tong sd céc
glycerophospholipid cua nao.

Cong thuc nhu sau:

|CI_Iz'O'a)R1
CH-O-COR,

OH
CHZ-O-i’-O-CHz-CIZH-COOH
I
0 NH,

Moi lién quan cac nhom chira azot cia ba chat trén:

(EHzOH (IZH,OH ?HzOH
CHNH, -CO, CH, - NH, -3CH, CH,

| . +— ]

COOH HO- N =(CH,),
Serin Cholamin Cholin

* Inositphosphatid (lipositol)

Inositphosphatid 14 chat phospholipid khong chtra glycerin phan tir ctia nhimng
lipoid nay c6 nhom rugu mach vong dac biét 1a inositol. Gan day nguoi ta théy inositol
c6 tac dung ctia mot vitamin ddi v6i nhiéu loai gia stc va nguoi (thiéu né co thé cham
phat trién, rung 16ng...).

Cong thirc inositphosphatid gdm: H;PO, acid béo, cholamin, galactose, inositol



va acid tartronic.

(I)H
CH COOH H\c”O
| |
Hﬁ/\(ljﬂ-OH H-C-OH H- C-OH
! |
HC CH - OH COOH HO-C-H
~ |
CH (acid tartronicy HO-C-H
| |
OH : CH,OH
(inositol) (galactose)

Theo nhiéu tic gia, trong thuc vt (mam lia mi, dau tuong, lac) va dong vat (gan,
nio) c6 loai inosid phosphatid chira mot hodc hai acid phosphonc, cdu tric cua loai
nay cé thé nhu sau:

OH
[}
R'CO'O'(EHZ HO OH
R-CO-0O-CH
, HO HO H
CH,- O -P -0
0
™o o
R-CO-O’ICI'IZ HO O_lll) OH
R-CO-0O-CH o
I H(I)HO H
CH, - O -|1|>-o
0

* Sphingophosphatid (sphingomielin)

Loai ndy 14 nhitng este phirc tap c6 & cac md bao, nhat 1a & hé than kinh, thanh
phan cia né gém: H3PO,, choan céc acid béo cao phan tir (acid lignoseric, nervonic,
steanc...) va mot chit regu quan 13 sphingosin.

C[I3_(CI{2)12_QI=G{—G-I‘G—I_G_120H

|
OH NH,

(Sphingosin)

Acid béo lién két voi sphingosin qua nhém quan theo kiéu mach peptid. Cong
thirc cua lipoit nay nhu sau:



CH:“(Cl'Iz)u_(}I:CI'I—?H—OH

CH-NH-COR
(I)H
CHz—O—ﬁ—O—CHz—CHz—INE(CH;)]
& OH

Céc sphingomielin khiac nhau do nhém acid béo, & ndo thuong gdp vdi acid
lignoseric, nervonic, steanc, ¢ lach va phoi gap voi acid palmitic, lignoseric.

Sphingomielin khong tan trong nudc va de, chi tan trong aceton va con.
5.2.2.2. Cerebrosid

bay la nhom lipoid khong chira acid phosphoric, ¢6 trong ndo (chir La tinh
cerebrum - ndo).

Thanh phan gom c6: rugu quan sphingozin, cac acid béo (acid liglloseric,
nervonic, cerebronic...) va galactose.

Acid béo ¢ day nodi véi sphinosin qua nhoém quan Sau day la cau tao hoa hoc cua
cerebrosid

CH, - (CH,),, - CH=CH- CH- OH

CH - NH- COR
CH, -0 - HC ——
H- G OH
HO- C-H
(Cerebrosid) H- &
lCHZOH

Riéng & trong lach ngudi, ta thiy co loai cerebrosid chira glucose ¢ vi tri
galactose. Tuy loai acid béo trong cerebrosid khac nhau ma ching c6 tén goi khac
nhau.

Vi du: - Cerasin la cerebrosid co6 acid béo bao hoa
- Phrenosin c6 oxyacid (acid cerebronic CHj; - (CH,),; CHOH - COOH).
- Nervon c6 acid béo khong ban hoa.

Duong galactose c6 thé lién két vai mot géc sulfat vao vi tri cac bon thir 6 (Cg)
bién cerebrosid thanh cerebrosulfatid hay con goi 14 sulfatid.

Cong thuc cua sulfatid nhu sau:



CH, (CH,),, - CH=CH - CH-OH
CH - NH- COR

&L~0-Hc

H-C-OH

HO-C-H ©

HO-C-H

H-

(Sulfatid)



Chuong 6
VITAMIN
6.1. PAI CUONG VE VITAMIN
6.1.1. Dinh nghia

Vitamin, hay con goi 1a sinh t6, 13 yéu t6 dinh dudng khong thé thiéu dugc & co
thé sinh vat, no can cho tit ca cac qué trinh sinh trudng, phat trién cla moi sinh vat
nhung & liéu luong rat nho, thuong tinh bang gama (7).

6.1.2. Lich siwr phat hién vitamin

Nira cudi thé ky XIX Rubner, Pettencopher di dua ra quan diém tuong duwong
ning luong. Theo quan diém nay thi ngudi va gia suc chi can da 5 nhom chét, protein,
lipid, glucid, mubi khoang va nuéc trong khau phan 1a c6 thé dam bao cho co thé phat
trién binh thuong.

Nhung vao thé ky XVI - XVIII thé ky ctia nhitng phat hién méi vé vat 1y va hang
hai, nguoi ta thiy rang cac thiy thu di tau 1au ngdy do an luong kho va khau phan qua
don diéu thiéu hoa qua va rau tuoi di dan dén mac bénh beri-beri. Biéu hién ctia bénh
1a viém than kinh, sung phu, xuat huyét chan rang, mo mat...

Nhan dan mot sb vung: 4n Do, Nhat Ban, M4 Lai, Trung Quéc da biét bénh phu
ben - ben do an gao xat qua ky.

Nam 1880 nha bac hoc Nga Nicolai Ivanovich Lunin da lam thi nghi€ém vo1 hai
16 chudt: mot 16 cho an casein binh thuong, mot 16 cho an casein rira qua de va ong
nhan thiy rang: 16 in casein rira qua de chudt da bj xu 1ong. Tir thi nghiém trén 6ng rat
ra két luan: di voi khau phan cua dong vét, ngoai yéu té dinh dudng chinh ra, con cé
yéu t6 dinh dudng phu.

Y kién ctia Lunin di dugc xic nhan boi cac thi nghiém cua Hopkin (1960),
Xoxin (1890). Nam 1887 Eicman nghién ctru va tim ra nguyén nhan bénh phu 1a do an
gao xat qua k¥ (khi dung cam cho bénh nhan an s€ khoi).

Nam 1912 nha bac hoc Ba Lan Funk di phan lap tir cdm mot chét co tac dung
chita bénh ben - ben vi phan tir chat nay chira quan nén Funk dit tén 1a vitamin (tic 13
chat chira quan can cho su sdng). Sau Funk, danh tir vitamin tré nén phd bién rong rii
va dugc dung thay vao tén "yéu t6 dinh dudng phu'.

Do tdm quan trong cla vitamin d6i voi sy sdng nén nhiéu nha bac hoc di sau
nghién ctru vé mait hoa hoc, sinh hoc, sinh 1y hoc, dugce 1y hoc, cac biéu hién 1am sang
va cach phong chita bénh thiéu vitamin. Hon 30 vitamin di duoc phat hién, trong d6

20 chat da x4c dinh duoc cu tao hoa hoc.

6.2. NHUNG PAC TiNH CHUNG CUA VITAMIN



6.2.1. Nguon géc va ham lwong trong vit phim
6.2.1.1. Nguon goc

Phan 16n vitanlin dugc tong hop & gidi thuc vat va vi sinh vat. & mé bao dong vat
cao cap, kha nang tao vitamin rat han ché va c6 nhiéu loai hoan toan khong tong hop
duoc

Mot s6 loai c¢6 kha ning tu cung cap duoc vitamin ciing phai nhd vao hé vi sinh
vat ky sinh trong duong ti€u hod, vi du: & da cé dong vat nhai lai, cac vi sinh vat da
téng hop nén vitamin B, B,, By, K, PP... ¢ rudt cho, tho c6 vitamin C.

6.2.1.2. Ham luong

S6 luwong vitamin trong vat pham rét it. Vi dy hang tin cam méi chira 1 - 2 gam
vitamin Bl, hoac 50.000 qua cam chtra d§ 10 gam vitamin C.

Ham luong vitamin chira trong vat phdm nhiéu it tuy theo nhiéu yéu t6 nhu:
giéng cay tréng, diéu kién thoi tiét, dt dai, vu mua, cach thu hoach, bao quan v.v...

6.2.2. Vai tro sinh hoc ciia vitamin

Vitamin can thiét cho sinh vat véi nhitng luong rat nho, thuong tinh bing
microgram hodc gam ma (1y= 10"°g) hoidc bang don vi qui wéc goi 1a don vi hoat dong
(Ui).

Véi nhitng lwong v6 cing nho d6, vitamin gitp cho sinh vét phat trién binh
thuong, sinh san déu din co kha nang chéng dd bénh tat cao. Nguoc lai, chi thiéu mot
trong cac vitamin can thiét thi co thé s& mat thang bang vé sinh Iy va s& méc cac bénh,
goi 12 bénh thiéu vitamin (avitaminosic).

Gitra c4c vitamin, enzym va hormon co mdi lién hé chit ché véi nhau.

6.2.2.1. Quan hé gitra vitamin va enzym

Hau hét cac vitamin tham gia cdu tao cila enzym va nam trong vi tri trung tdm
hoat dong cua enzym. Vi du:

- vitamin Bl c6 trong nhoém ghép cua enzym decarboxylase

- vitamin B2 ¢6 trong nhom ghép ctia enzym dehydrogenase hiéu khi

- vitamin PP c6 trong nhém ghép ciia enzym dehydrogenase yém khi.

- vitamin B6 c6 trong nhom ghép cuia enzym aminoferase...

Mot co thé khoé manh binh thuong tirc 1a khi qua trinh trao ddi vat chat tién hanh
déu dan Qua trinh trao d6i chit bao gdm hang ngan phan mg sinh hoa hoc dién ra
thudong xuyén lién tuc va an khép nhip nhang. Cac phan tng tién hanh dugc 14 nhd sy
XUc tac cia enzym, ban chét ciia enzym 1a protein, song phan 16n nhom ghép lai 1a cac
vitamin. Néu thiéu mot vitamin thi mot enzym khong hinh thanh duoc, do d6 s& anh
hudng t6i toan bo soi ddy chuyén trong cic phan tmg sinh ho hoc.



Vi du: * Giai thich co ché phu thiing khi thiéu vitamin Bl :

Vitamin BI trong thanh phan nhém ghép cia enzym decarboxylase.

NH, HQl
+
N/|—~CH,-———N - CH,
J |
HCN k - CH, - CH,0H
N

S
Co ché téc dung: CH,00 - COOH —decabowvlase , - CH,00 ~ Coa
(Acid pyruvic) (Acetyl CoA)
Khi thiéu vitamin B, enzym decarboxylase khong hinh thanh dugc. Néu thiéu
decarboxylase thi CH;CO COOH khong dugc khir CO, s€ vao mau va ¢ day do nhom
COOH phén ly manh thanh COO- nén d6 ngdm nudc cao. Pong thoi ap suat tham thau

trong mau gidm, ap suat @ mo bao cao hon. Do d6 nudc trao ra md bao sinh ra bénh
phu thiing.

* Gzdi thich sw dan truyén xung déng than kinh:

Co thé cam giac nong lanh, co co dugc 1a do sy cam giac than kinh. Nho dan
truyén ctia day than kinh truyén ra va day than kinh truyén vao ti cac xung dong than
kinh. Su dan truyén ndy qua mang sinap, ma mang nay chira thé dich acetyl - choan.

Khi thiéu vitamin B, , khong xtic tac viéc thanh 1ap acetyl - choan, dong thoi B,
trc ché enzym cholinesterase khong pha huy acetyl-cholin.
Xung dong thén kinh
Acetyl -* cholin
Cholinesterase —» l I <— Vitamin B,

Cholin + Acid acetic

6.2.2.2. Moi lién quan gitra vitamin va hormon
Gitra vitamin va hom lon ¢6 anh hudng qua lai véi nhau.

Vi dy: - Thiéu vitamin B thi sy san sinh hormon buéng trimg (Foliculin,
progesterol) gidm sut.

- Thiéu vitamin A viéc sinh coctizon cua tuyén thuong than bi tré ngai. Coctizon
thiéu s& anh huong t6i hap thu glucid, lipid.

6.2.2.3. Cdc vitamm c6 tac dung tiwong hé lan nhau
- vitamin Bi2 lam ting cudng hip thu caroten vé gan

Caroten —<amotinase 5 vitamin A



- Khi ¢6 vitamin C lam dju muc d6 thiéu vitamin B,
6.2.2.3. su hdp thu Vitamin

Co thé mudn c6 vitamin phéi qua con duong hép thu tiéu hoa, c6 rat nhidu yéu t6
anh huong téi qua trinh hap thu vitamin nhur:

- Trang théi sinh 1y dudng tiéu hoa (viém, 16 loét duong tiéu hoa, suy yéu gan).

- Ban chét thirc an (c6 lipid hay khong c6 lipid) s& anh huong t6i thiéu vitamin
tan mong lipid hodc trong nudc.

- Su ché bién, bao quan, dy tritr thuc an,

Chan dodn thiéu vitamin:

- Quan sat cac tri¢u chung 1am sang

- Phan tich ham luwong vitamin trong huyét thanh

Vi du: trong gia suc phan tich ham luong caroten trong huyét thanh 1a mot trong
thitng bién phép ngan ngira bénh.

6.3. PHAN LOAI VITAMIN

6.3.1. Co s6 dé phan loai

Duya vao ddc tinh hoa tan nguoi ta chia vitamin thanh hai 16p 16n:
- vitamin hoa tan trong lipid: A, D, K, E.

- vitamin hoa tan trong nudc: B, C, P, PP, H, G, Choén, Inosit...
6.3.2. Cach goi goi tén vitamin

Nguoi ta thuong goi tén vitamin theo 3 cach:

Goi theo ky hi¢u tén La tinh: A, B, C...

Goi theo ban chit hoa hoc

Goi theo tac dung chita bénh

Vi du: vitamin A (Axeroptol, hodc vitamin chéng kho giac mac mét)
Vitamin D (Cancipherol, vitamin chdng coi xwong)

Vitamin E (Tocopherol, vitamin sinh san)

Sau day chiing ta xét mot sé loai vitamin c6 anh hudng nhiéu téi qué trinh trao
d6i chat trong co thé.

6.4. NHOM VITAMIN HOA TAN TRONG LIPID

6.4.1. Nhom vitamin A (Axeroptol hodc vitamin chita chirng khéo giac mac
md’t)

* Cau tao hod hoc:



Vitamin A gom cé 3 dong phan Al, A2' A3 va chat provitamin (tién vitamin) c6
mau vang goi la caroten.

Nam 1933 Ca re (Kaner) tim ra cdu tric hod hoc ciia nhém vitamin A. Sau do
nguoi ta tong hop dugc bang phuong phap hoa hoc.

Vitamin A ¢6 thé coi nhu médt rugu khong no ciu tao gdm vong ~ ionon va cac
gbc isopren.

H,C CH,
i
~CH=CH-{~-CH, CH,=CH-C=CH,
0]
CH,
f- ionnon isopren

vitamin A ¢6 trong gan ¢4 nudc man, vitamin A, ¢6 nhiéu hon trong gan cé nudc
ngot, cong thirc nhu sau:

HC  cH,

CH, Cle

|
CH=CH-C=CH-CH=CH-C=CH-CH,0H
CH, Vitamin A,

H,C CH,

- CH, (FHs

I
CH=CH-C=CH-CH=CH-C=CH-CH,OH

CH, Vitamin A,

Céu tao hod hoc cuia vitamin A, khac A;: c6 hai nbi d6i trong vong ionon, nhung
hoat tinh cua vitamin A, cao gép 2 - 3 lan vitamin A,, c6 3 loai caroten a, B, y khac
nhau & cdu tai vong ionnon, P - caroten ¢ 2 vong B - ionon nén khi thuy phéan cho 2
vitamin A cOn a va y (caroten chi ¢c6 1 vong 3 - ionon (ngoai ra la a - ionon) nén chi
cho mdt phan tir vitamin.

Ngoai ra con cd y- caroten nhung hau nhu khong c6 hoat tinh vitamin. Carotinase
thuy phan mach caroten thanh vitamin A.

H,C_ CH, CH, H, *2O - a Ic:‘H, CH, CH,
|
_ CH=CH-C=CH-CH=CH-C=CH-CH = CH-CH=C-CH=CH-CH=C-CH=CH
— C['I3 ' CI'I3

Gan day nguoi ta dd phan lap duoc vitamin A; & gan cd voi (cong thirc con
nghién curu)



* Tac dong sinh hoc:

Khi thiéu vitamin A, & dong vat s& phat sinh cac trang thai bénh dic trung sau
day: + Cham 16n, 16ng xu ban, gay com.

+ M0 bao v¢€ nhu da, niém mac, gidc mac mat bi kho, kéo mang trang mo, dan
dan sinh chiing nhuyén giac mac.

+ Rudt, da day, khi quan... dé bi viém loét
+ Phat sinh chirng quang ga

+ vitamin A c6 dnh huéng dén qua trinh oxy hoa hoan nguyén ¢ co thé vi né anh
huong dén sy hoat dong cta vitamin C 13 chat tham gia cic phan Gmg oxy hoa.

Hién twong quang ga dwoc giai thich nhu sau :

Mt nhin duge nho té bao than kinh thi giac hinh que cua vong mac, loai té bao
nay chira & dau niit mot loai protein c6 mau (sac t6 tim do) goi 1a rodopsin. Rodopsin
1a hop chat cta 2 loai protein: Opsin va retinen ma retinen chinh 1a aldehyd cua
vitamin Ai. Vai tro cua rodopsin la tinh thu cam anh sang, nhung &4nh séng lai phan
gidi rodopsin thanh opsin va retinen, do d6 d¢ cam thu dnh sang giam.

Nguoc lai, & chd t6i opsin va retinen tong hop thanh rodopsin nén kha ning cam

thu 4nh sang tang 1én.

—— Rodopsin

4nh sdng
1 . ¥ DPNH
Opsin  Phan retinen DPN
Vitamin A
Thuan retinen DPN
béng t6i DPNH'

Qua d6 ta thdy rd vai trd cua vitamin A 1a khi thiéu no, retinen sé& thiéu va
rodopsin ciing it hodc mat di nén qué trinh tong hop rodopsin khong day di, dan téi
kha nang nhin s€ kém di, sinh ra hién tugng quang ga.

* Nhu cdu va nguon vitamin A

+ vitamin A dy trit nhiéu ¢ gan. Thyc vat khong chira vitamin A ty do ma chi c6
sdc t0 vang caroten hodc cryproxantin, c6 kha nang bién thanh vitamin A & gan. Ca
rot, gac, ca chua chin, co tuoi chira nhiéu caroten.

+ Nhu cau: gia stc can 15 - 25 Ul/kg khdi lugnglngdy dém, nhu cau d6 ting khi
co thé hoat dong bat thudng (cho sita, séu

6.4.2. Nhom vitamin D (Calcipherol, vitamin chdng coi xwong)
* Cdu tao hod hoc:

Trong gén 7 chét vitamin D chi ¢6 chit D, va D; 1a ¢6 hoat tinh vitamin cao nhét.



Vitamin D, ¢6 ngudn gbc thuc vat, 13 ddn xuét cua chét ergosterol trong nhiéu
loai ndm sau khi xir 1y bang tia tir ngoai, con vitamin D3 bit ngudn tir chat 7 -
dehydrocolesterol 1a din xuét oxy hod cua colesterol trong co thé dong vat. Dudi tac
dung cua tia tir ngoai 7 - dehydrocolesterol s& mé mach ndi 9 - 10 bién thanh vitamin
D3

CH
TNV E
|

7 CH,

CH, . .

| Tiatrngoai
| A =255-313mp
HO O\ N l
Ergosterol
: CH.
CH3 CHJ &

Tia tir ngoai

% =255-313mp

HO

7- dehydrocolesterol vitamin D, (colecalxipherol)

* vai tro sinh hoc:

Vitamin D c6 anh huéng dén qué trinh trao d6i khoang (calci, phospho) va qua
trinh hinh thanh xwong ctia dong vat. Khi thiéu vitamin D xuong s& mat calci phospho,
tré nén mém, x6p, dé& giy. Po 13 ching coi xuong (d6i voi dong vat non) hodc ching
mém xuong, x6p xuwong (d6i voi dong vat trudng thanh).

+ vitamin D lam tang su hép thu calci ¢ vach rudt dudi dang lién két (vitamin D -
Ca"")chat khoang nay d& qua rudt vao mau va dén xuwong, ty 16 Ca/P = 2/1 13 phu hop
nhét cho viéc hép thu Ca2+, P & rudt.

+ vitamin D kich thich su tai hap thu cac mudi photphat & dng than, gitp cho co
thé tiét kiém duoc ngué)n du trir photphat.

+ vitamin D 1am ting cuong hap thu luu huynh dé tong hop condroitin sulfat.

+ vitamin D lam tang hoat luc enzym phosphatase ciia xuong va lam giam sy bai
tiét calci qua vach rudt gia.

* Nhu cau va nguon vitamin D



Nhu cdu trung binh 500 - 1.000 UI/100kg thé trong/1 ngay. S6 lugng ndy ting
giam tuy theo trang thai sinh 1y (khoé, 6m).

Vitamin D dy trit & gan, sira, bo, nam, enzym, dau thuc vat. Cho gia stc tdm
nang 13 mot bién phép tot dé ting cudng vitamin D.

6.4.3. Nhom vitamin E (Tocopherol, vitamin sinh sdn)
* Cdu tao hod hoc:

Nhém vitamin E d3 duoc phat hién nim 1936 gdm 7 chat trong dé a, B, 7,
tocopherol dugc nghién ciru twong ddi ky. Cau tao cia ching gan gidng nhau, gom
mot nhan croman va mach nhanh 1a dan xuét cia ruou fitol (C0H300OH).

CH,

OH , CH CH CH
L | o
H3C < (CHz)J -CH - (CH2)3 -CH - (CHz)J -CH

o G, CH,
CH,

vimin E - O - Tocopherol

cc dan xuét cua tocopherol khac nhau boi phén nhanh ¢ vi tri 5, 7, 8 nhu sau:

O vi tri 5 7 8

o - Tocopherol ¢ CH, CH, CH,
B - Tocopherol ¢c6 CH, H CH,
y - Tocopherol c6 H CH, CH,

* Tac dong sinh hoc:

Vitamin E 1a mét trong nhiing vitamin c6 tdc dong sinh hoc nhiéu mat nhét, anh
tuong rd nhat ddi voi qua trinh sinh san.

Hai hién tuong bénh 1y khi thiéu vitamin E la:
+ Cac bién ddi ¢ duong sinh duc.
+ Thoai hoa loan dudng co.

O dong vat duc: Khi thiéu vitamin E thi té bao sinh tinh bi thoai ho4, tinh tring
kém hoat dong, chat lugng tinh dich giam, dan t6i khong c6 kha nang thu tinh.

O dong vat cai: Khi thiéu vitamin E, phan 16n cac qua trinh sinh duc (nhu dong
hén, rung trimg, thy tinh) van duy tri, nhung phoi thai khong thé phat trién duoc vi ¢6
nhitng bién d6i chai xo niém mac tir cung, phoi thai chét yéu.

Nguyén nhan:

+ Trong thanh phan vitamin E c6 yéu td lipoit can dé hoat hoa enzym cytocrom



C-reductase. DAy 1 enzym quan trong ctia chudi enzym oxy hoa - hoan nguyén & moi
té bao.

+ vitamin E tham gia vao qua trinh trao doi lipid, c6 tac dung giit cac acid béo
khong no khoi bi oxy hoé (vi du linolenic va caroten c6 duoc trang thai bén trong co
thé nho vitamin E) thanh phan cac san pham peroxyt va aldehyd.

+ Co quan sinh duc rat nhay cam doi véi su thiéu vitamin E.

Niém mac tir cung trd nén kho ctng, ho xo 1am té bao phoi khé 6n dinh va mbi
lién hé dinh dudng giira co thé me va phoi khé hinh thanh, phoi thai s& chét yéu.

+ vitamin E giit cho tinh tring khéng ngung két lai voi nhau va dé dang di dong
trong tinh dich.

+ Thiéu vitamin E, bép thit s& bi thoai hoa, miozin giam dan, thay bang colagen.

Ham luong cac chat mang ning luong ATP-ase, creatin photphat (CP) giam rat
nhiéu, creatin khong duoc dung vao cic phan ung trao doi ning luong nén bi thai ra
ngoai theo nudc tiéu

* Nhu cdu va nguon vitamin E

Mam ngii céc nhu Ita, dau... 1a noi chira nhiéu tocopherol (15 - 30mg%) nén
dung lam ngudn vitamin E trong chan nudi kich thich sinh san cho gia stc (nudi duc
giéng can bd sung thirc an hat néy mém). Ngoai ra con co & dau thuc vat, ba"lp cai,
chudi, chanh...

O co thé dong vat vitamin E c6 ¢ gan, mé lipid va hong cau. Vitamin E dn vao
dugc hip thy ¢ rudt non, nhung trong qua trinh hdp thu quéa nira s6 luong co trong
khau phan d3 bi phé huy.

Nhu ciu vitamin E thay ddi theo khau phan, trang thai sinh 1y, néu khau phan
chtra nhiéu lipid va protein - lwong vitamin E ting 1én. Ga, vit d¢ can 1,2mglngay; triu
bo liét chan can tiém 500 - 800mglngay.

6.4.4. Nhém vitamin K (vitamin chéng chdy mdu, yéu t6 dong mdu)

* Cdu tao hod hoc:

Vitamin K dugc phat hién nam 1929 khi nghién ctru chiing chay mau dudi da.
Vitamin K 13 din xuét cua naftokcinon.

Nam 1939 nguoi ta da phan 1ap vitamin K, (a- fillokcinon) tir ¢cé muc tic va
vitantiin K, & bot ca thdi, vitamin K, con gap o rudt dong vat.

Cau tao hoa hoc cua vitamin K; va K, nhu sau:



CH,
CIIg CPIJ C:I-I:’

| | l I s
CH, - CH=C- (CHyp); - CH- (CH,), - CH- (CH,), - CH

oo \CH,
@) Vitamin K,

CH,
3 (|:H3 CH,
CHZ-CH=C—[(CHZ>2-CH=C]..—<CHQ>2—CH=C\
il CH
O Vitamin X, :

* Tac dong sinh hoc

Khi thiéu vitamin K, cac loai dong vat, nhat 1 ga, hay bi mic chimg chay mau va
mau cham déng. Qua trinh déng mau c6 thé phan lam 3 giai doan:

+ Tao enzym trombokinase tir protrombokinase dudi anh huong xuc tac cua
trombotropin, ton Ca2+ va coiivertin c6 trong huyét twong.

+ Enzym trombokinase, Ca2+ va acxelenn cua huyét twong sé xuc tic phan (g
bién enzym protrombin sang dang hoat dong trom bin

Protrombin F‘%Lma:(b;ﬁ:m » Trombin (hoat d6ng)

Fibrinogen —Caaym tombinxicthe . pipn (sgi huyét khong tan)
Khi thiéu vitamin K lugng protrombin ctia mau giam rd rét.
* Nhu cau va nguén vitamin K
Vitamin K; ¢6 nhiéu & cay xanh, K; do vi khuan (E.con) téng hop. Gan lgn chua
0 8mg%. Bot ca thdi chtra 7,2mg%, bap cai - 3,2mg%; cd muc tuc chua 1,6 - 3,2%.
Nhu ciu chua xac dinh.
6.5. NHOM VITAMIN HOA TAN TRONG NUGC
6.5.1. Vitamin B, (Tia min, areorin, vitamin chéng viém théan kinh)

* Cau tao hod hoc

Niam 1912 nha bac hoc Ba Lan Funk d3 phan 1ap tir cam chit c6 kha ning chira
viém than kinh. Nam 1937 Uy-liam x4c dinh cu trac chat ndy, cdu trac gébm 2 phén:
vong pyrimidin va vong tiazol.



NH,.HCl

s
N~ CHZ-N—]'CIL
L I CH - CH, - CH,0H

vitamin B; [(2- metyl, 6-aminopyndin, 5-(4- metyl, 5-oxyetyl tiazolorid) -
hydroclond)]

* Tac dong sinh hoc:

vitamin B, déng vai trd quan trong trong trao d6i vat chét dic biét 1a chuyén hoa
glucid va trong hoat dong than kinh (giai thich co ché phu thiing va viém than kinh - &
phan trudc).

- vitamin B; tham gia vao nhom ghép cua enzym khir carboxyl, tuc la
decarboxylase.

Loai phan tmg khir carboxyl cuia xetoacid tién hanh theo 2 kiéu véi sy tham gia
cua 2 loai enzym khéc nhau:

+ Phan Gng khir carboxyl khong kém oxy hoa thudng gip ¢ vi sinh vat, nhu té
bao men ruou, nhom ghép enzym nay 1a din xuit tiaminptrophotphat (TPP).

NH,Cl
CH, - N -
CH, (I)H OH
J\ — CH,-CH,-O-P-0O-P-OH
H,C I

O

o="u—

Tiaminpirophosphat (TPP)

+ O mo bao dong vat, su khir carboxyl tién hanh theo kiéu oxy héa. Enzym xtic
tac c6 nhom ghép 13 hop chat giita TPP va acid hpoic, goi 1a lipotiaminptrophotphat
(LTPP).

N
NH-co4(:1{2)4-0}1-(:1{2-(:}12

CHE'

IOH OIH
—CH,-CH,-O-P-0-P-OH
H,C I I
O O

Lipotiaminpirophosphat (LTPP)

Piém hoat dong cta hai nhdm ghép trén déu 1a nhém SH, nhom nay ¢ kha ning
& dang vong khi mat H hodc dang tim (SH) khi ¢6 H, d6 1a nguyén nhan vé kha ning
oxy - hoéd hoan nguyén.



S SH

/
LTPP | +2H LTPP
¢ \
S -2H SH

Khi thiéu vitamin Bl enzym decarboxylase khong hinh thanh duoc nén qua trinh
khtr carboxyl cua acid pyruvic (xetoacid) bi nguing tr¢ va rng dong & cac mo boc.
* Nhu cau va nguén vitamin B,

Vitamin Bl Phé bién & thuc vat, nAm enzym, dac biét 1a vi sinh vat ky sinh trong
duong tiéu hoa c6 kha ning tong hop vitamin B,. & dong vat nhai lai (trdu, bo, dé, ciru)
nho ¢6 su hoat dong cuia vi sinh vat da ¢é nén khong bi thiéu vitamin B;.

Ham lugng trung binh ctia vitamin nady trong mau nguoi 1a tur 2 - 8 mg%.

Nhu cau vitamin B, khac nhau phu thudc vao yéu t6 sinh ly, lao dong, nhu cau
san xuat

6.5.2. Vitamin B, (Ribonavin)
* Cau tao hod hoc

Céu truc cia vitamin B, éutrc cun va Ca re tim ra va téng hop (1934). Phan ti
chtra dAn xuit cia dudng ribose (ribitil).

I

* Tac dong sinh hoc:

+ Tham gia vao cdu tric cia enzym dehydrogenase hiéu khi (men vang) & dang
FAD va FMN.

Trong co thé dong vat gan 97% riboflavin & trang thai lién két v&i protein -
enzym, con gén 3% ¢ trang thai ty do. Riboflavin cua thitc an dua vao s€ dugc
phosphoryl hod bo1 ATP ¢ vach rudt va gan thanh 2 dang flavinmononucleotid (FMN)
va flavin adenozindinucleotid (FAD). Hai din xuat nay chinh 1a nhém ghép cia 16p
enzym ho hap - 16p men vang flavoprotein, loai enzym nay thyc hién phan ung oxy
hoa hoan nguyén tirc 1a chuyén van hydrogen trong qua trinh hd hap mé bao.

Khi thiéu vitamin B2 thi sy tong hop enzym vang dinh tré giy réi loan trao doi
vat chat, 1am qu4 trinh ho hip mé bao khong thuc hién day du.

+ vitamin B2 ¢6 lién quan véi cac vitamin khac. Khi thiéu vitamin BI thi nhu cau
riboflavin ting 1én, thiéu riboflavin kha ning tu cung cap vitamin C giam...



* Nhu cau va nguon vitamin B,

vitamin B, c¢6 nhi€u ¢ gan, thit, tring, stra, enzym bia khd, ca chua, ngo, dau co
ve.

Céac dong vat nhu lon, ga, ch6 va nguodi thuong xuyén rit can vitamin B, trong
thire an. Trau, bo, dé, clru (d6ng vat nhai lai) it doi hoi hon vi vi khuan dudng tiéu hoa
c6 kha ning téng hop duoc vitamin nay.

Lon con can 3mglkg thtrc in kho. Nguoi can 2 - 4mg/ngay.
6.5.3. Acid pantotenic (vitamin B3)
* Cdu tao hod hoc

Vtamin B; rat phé bién & cac doi tuong sinh vat khac nhau, do d6 ¢ tén 1a acid
pantotenic (theo tiéng La tinh pantothen 1a khip noi). N6 bao gdm hai thanh phan 1a
acid pantoic va B-alanin:

o o
HOCH, -C - CH-CO -NH -CH, -CH, -COOH
* Tac dong sinh hoc

Vitamin B6 13 tién chit ctia coenzym A (viét tit COA). Thiéu vitamin B, thudng
c6 hi¢n tugng viém da.

Qua trinh t6ng hgp coenzym A duoc trinh bay & trang 115 .

Vitamin Bj; thuong cé nhiéu trong ndm enzym, gan, cic san pham xanh cua thuc
vat va dugc tong hop bdi cac vi khuan duong rudt.

6.5.4. Vitamin PP (Nicotinamid, nia xin, vitamin Bs - vitamin chong da khé)
* Cdu tao hod hoc

Khi oxy ho4 nicotin thudc 14 bang acid cromic, ta thu dugc acid nicotinic. Trong
cay cbi thuong c6 san acid ndy, khi vao co thé dong vat acid nicotinic chuyén sang
dang amid, trc 1a thanh vitamin PP, cong thirc nhu sau:

72 —-COOH v -CO-NH,
N N .
N N N
Nicotin Acid nicotinic Nicotiamid (vitamin PP)

Trong md bao nhiéu loai dong vat, vi sinh vat (ciing nhu thuc vét) acid nicotinic
duoc tong hop tir tryptophan nhd xtc tac ctia hé théng nhidu enzym. Trong dé cé
nhom ghép 1a dan xuét ciia vitamin B2' B6'



2,4-Dihydiroxy-3.3-dimetyl
Acid butyric B-alanin
> CH4 O
HO-CH,- ¢ - cH-&-NH- CH, - C0O

, OH
ATP Acid pantotenidt
ADP
' CH, O
o- 1‘3 o-cH,-¢ - cH-¢-NH- H, - CH, - COO
¢, OH
Acid 4-phosphopantotenic -
ICysteine g
ADP + P
0O 0O 60,0

O£OCHQ{?(5'&:NHCHQCHz& NH - CH- CH, - SH

| #7 4-phosphopantotenylcysteine
CO:

oc:H,iHé NHCHQCH,(ENHCHCH,SH
H

K 4-phosphopantotein
pP-pP

Dephospho-Coenzyme A I;IHQ
ATP
N
ADP
3 0O o) N
HC-C-C,-0-P-0-P-0-cx
HC-OH O O
=0
Q OH
2 o--g:o

0= NH- CH, - CH, - SH
Coenzym A

Su tao thanh coenzym A tir acid pantotenic

* Tac dong sinh hoc

Tham gia cdu tao NAD va NADP trong méd bao sinh vat, vitamin PP ¢6 duéi
dang tu do va hop chat protein - enzym. D6 1a NAD (nicotiamid adenozin dinuleotid)
va NADP (nicotinamid adenozin dinucleotid photphat). Hai chat nay 1a nhom ghép cua
enzym oxy hoa hoan nguyén, tirc 13 enzym dehydrogenase yém khi.



Thiéu vitamin PP dong vat thuong mac bénh viém tréc da san sui. Trong chin
nudi néu chi cho lon dn ngd kéo dai cling thudng xay ra bénh nay vi thiéu tryptophan.
Trong ngd con cé chit khang vitamin PP - d6 14 acid pyndin - 3 - sulforic. Néu dun sbi
thi khang vitamin PP ctia ngo s& mét di.

* Nhu cau va nguén vitamm PP
Vitamin PP ¢6 nhiéu & gan, thit, stra bo, tring, gao, cam khoai tay, ca rot...
Nhu cau thay d6i tuy theo thanh phan thic an
Nguoi can 15 - 25mg/ngay
Cho can 0,25mg/1kg thé trong
Ngua 0,10mg/kg thé trong
Lon con cén 15 - 17mg/1kg thirc an kho
6.5.5. Vitamin B6 (Pyridoxin, adennin)
* Cau tao hod hoc:

Pyndoxin, pyridoxamin va pyndoxal déu c6 hoat luc vitamin nén ghép thanh
nhom vitamin By

CH,0H 40 CH, - NH,
—H |
HO - -CH,OH po- —CH,0H HO CH,OH
H;C H3C H3C
N N N
Pyridoxin Pyridoxal Pyridoxamin

* Tac dong sinh hoc:

Trong co thé dong vat (¢ than, gan, rudt non) pyridoxin bi oxy .hod thanh
pyridoxal va chat nay lai dugc phosphoryl-hoa thanh pyridoxal photphat - day 13 nhom
ghép cuia loai enzym trao doi.

Vitamin By c¢6 tac dung quan trong d6i v6i sy chuyén hod protein (phan Gng
chuyén quan va khtr carboxyl).

Thiéu vitamin By gia stc c6 nhirng triu ching rdi loan thén kinh, co giat tung
con nhu dong kinh.

vitamin By con anh huong t6i sy tong hop ndi tiét t6 tuyén yén va budng trimg
(nhom oestrogen) nén khi thiéu né qua trinh thai nghén bj tré ngai.

* Nhu cau va nguon vitamin By

vitamin Bg ¢6 & thit, gan, enzym bia, bép cai, ca rot, tring... Loai nhai lai khong



can vitamin By ¢ thirc an, vi vi sinh vat da co tong hop duoc, cac loai dong vat khac
can cung cap pyridoxin déu dan.

Lon con cén 0,5 - Img/1kg thtrc an kho
Ga con can 3 - 5 mg/1kg khau phan

Ga mai dé can it hon 1 - 2 mg.
6.5.6. Inozit - vitamin B,

* Cau tao hod hoc:

CHOH
HOH:! CHOH
HOHC CHOH
CHOH

* Tac dong sinh hoc:

Inozit trong co thé dong vat c6 2 dang:

+ Dang lién két inozit - photphatit ciia ndo va ddy than kinh
+ Dang tu do c6 trong cac mo, nhat 1a gan, dich sinh duc.

Trong tinh dich lgn, inozit 6n dinh ap suat tham thau do dé tinh trung ton tai lau
duoc.

Pbi véi gan vitamin ndy giup qué trinh tiéu hoa lipid d& dang, thiéu inozit dong
vat cham 1én, moc 16ng kém, gan nhiém tham lipid.

* Nhu cdu va nguon vitamin

Inozit duoc tong hop & cay cdi, nhat 1a trudc thoi ky két qua. Nhu cau chua duge
xac dinh

6.5.7. Vitamin H (Biotin, vitamin Bg)

* Cau tao hoa hoc:

Biotin ¢6 thé coi 1a hgp chat ctia vong tiopen va uré dudi dang vong va mach
nhanh 1a acid valerianc.

< @
PN
) ol
HC J}[ HC CH
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H,C -(CH,),-COOH HC
o- Biotin B- Biotin

P =



* Tac dong sinh hoc

+ Tham gia mot s6 qua trinh sinh hod hoc co thé nhu tong hop acid aspartic, qua
trinh khir quan, khur carboxyl...

+ Triéu chimg thiéu thodn 1 bénh viém da ndi man (lic co, lic lin), 1ong tung,
xuong cong queo ¢ ga.

* Nhu cau va nguon vitamm

Biotin dugc tong hop trong cy co, nhat 13 & 14 cay. Nhu cau thip: ga con 2,5 v/
ngay; nguoi can 9 y/ngay.

6.5.8. Acid folic (vitamin Bc)
* Cdu tao hod hoc:

Acid folic mang tén 13 vitamin Bc (c 1a chit viét tit cta tir tiéng Anh chicken c6
nghi 14 g con) n né ciing can thiét cho su phat trién ciia ga con. Acid fohc bao gdm ba
gbc lién két vai nhau 1a gbe pterin, gde acid paraaminobenzoic va goc acid glutamic:

pi n
C .
Y e O
HN-C p/ I
N

(ll'Hz
(60,0}

* Tac dong sinh hoc

Thiéu vitamin Bc ciing sé& bi thiéu mau. T acid folic d& dang chuyén thanh acid
tetrahydrofolic (COF, FH,) 14 coenzym cua cic enzym xuc tic cho phan tng chuyén
cac nhom chira mét carbon (nhung khong phai 1a CO,)

6.5.9. Vitamin B12 (xyancobalamin, vitamin ché'ng thiéu mdu dc tinh)
* Cau tao hod hoc

Phan chu yéu 1 vong porfuin, trong d6 vong phit A gin véi nguyén tir co ban
bang day nbi déng ho4 tri , hod tri con lai cua coban dung lién két véi nhém CN phan
thi hai ctia vitamin 14 nhan nucleotit ndi v6i vong Phéi D cta porfmn.

* Tac dong sinh hoc

Triéu ching thiéu vitamin By, 1a sy thiéu mau 4c tinh trong tuy xuong va mau
xuat hién nhiéu hdng cau non vi qua trinh tao huyét bj ngimg tré. Mau bi v& nhiéu
hdng cau, lvong hemoglobin giam stt. Sy hé hip mé bao cling bi yéu, su chuyén hoa
glucid va lipid bi réi loan kém theo nhiing hién twong than kinh suy nhugc.

* Nhu cau va nguon vitamin B,

Phan 16n cac loai vi khuan c6 kha nang tong hop vitamin By, néu ¢6 du nguyén



t0 coban.

Céc vi sinh vat da co, manh trang va rudt gia déu c6 kha ning tong hop vitamin
B, Khi cho loai nhai lai ddy du co ban thi chung hoan toan tu tic ngudn vitamin nay.

Thue vat hoan toan khong chira vitamin nay, rong réu bién so d chira vitamin B,
vi c6 vi sinh vat ky sinh hoat dong. Vitamin Bi2 c¢6 trong thit, ndo, than, gan, mau, sira,
trimg ca. Ga con nudi hoan toan bang thirc an thyuc vat can 6 y/1kg thic dn; ga 16n can
2 - 3 y/1kg thirc dn; Lon con can 22 v/1kg thic dn. Trong co thé dong vat noi dy trit
B, 1a gan 30 - 70%.
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O0=P=0
HO - CHz 0] H
6.5.10. Vitamin C (Acid ascorbic)

* Cau tao hoa hoc:

/A P

%:: OH g=0

- -2H.

Coon © Som c-o P
H-E— H-C
HO-C-H HO- - H

ICHZOH &‘HZOH

Acid ascorbic Acid dehydroascorbic



Acid ascorbic c6 kha niang hoan nguyén céac chat, ban than bi oxy hod sang dang
acid dchydroascorbic khong c6 hoat tinh vitamin. Do dic diém nay nén viéc bao quan
vitamin C rat kho.

Trong co thé thuong gip 2 trang thai ascothic tir do va lién két.
* Tac dong sinh hoc:

Nguoi va dong vat néu 1au khong duoc dn rau va hoa qua tuoi s& bi mac bénh
scorbut. Triéu ching dién hinh cta bénh nay 13 hién tuwong hoai huyét quan, gy chay
mau niém mac 191, da, trong bép thit v.v... Rang bi yéu, lung lay dé rung, xuong gion
va dé gdy. Ngoai ra con nhiing bién ching dudng tiéu hod (giam dich vi va do acid),
tim va nhiéu rdi loan trong chuyén hoa duong lipid, protein ctia co thé.

+ Vai tro sinh hoa hoc chu yéu cua acid ascorbic 13 su tham gia qua trinh oxy hoa
hoan nguyén, nguoi ta tin thdy hai loai enzym: ascorbin - reductase va ascorbin -
oxvdase tham gia qua trinh oxy hod - hoan nguyén chét glutation (C;oH;7N3SOg).

2 GSH + acid dehydroascorbic —zasgin 5 G-S-S-G + ascorbic

reductase

Acid ascorbic + O, —&@bit acid dehydroascorbic + H,0.

Tém tat 1a: 2GSH + O, > G.S - .G + H,0.

+ Acid ascorbic xtic tac sy van chuyén hydrogen giita NAD.H, hoic FAD.H, véi
hé théng cytocrom.

+ Acid ascothic c6 tdc dung kich thich hoat dong cua enzym aconitase trong chu
trinh Krebs, do d6 n6 gian tiép anh hudng t6i su chuyén hoa glucose: Thiéu vitamin C
su tong hop va tich luy glycogen & gan va co giam. sut rt rd, lac ndy ta thay enzym
hexokinase hoat dong rat yéu.

+ vitamin C c¢6 1ién quan chdt ché doéi vdi su trao doi protein, dic biét l1a protein
cua cac mo chong d& nhu gan, xuong...

su ¢6 mit cta vitamin C can thiét cho sy hinh thanh colagen - protein co s¢ cua
mo lién két, tir procolagen, thiéu vitamin C sé luong colagen giam qua 2 1an so véi
murc binh thudng Do d6 vitamin C anh hudng téi qua trinh lanh vét thuong va gitt bén
thanh mach. + vitamin C con anh huoéng dén su hoat dong san sinh adrenalin cua
tuyén thuong than hodc adrenocorticotropin cua tuyén yén. N6 ¢6 tac dung giit cho
adrenalin khéi bi oxy hod va nang cao d¢ cam thu cua tuyén thuong than dbi voi
adrenocorticotropin.

* Nhu cdu va nguon vitamin C
Acid'ascorbic dugc tong hop ¢ nhiéu loai vi sinh vat, cay cbi, dong vat.

Ngua, lgn, gia cam van can vitamin C



Riéng trau, bo, dé, ctru c6 kha nang ty tic hoan toan.

Vitamin C bai tiét ra ngoai theo nudc ti€u, mo hodi va ca dudi dang CO; hoi tho,
cuong do lao dong cang cao thi nhu cau vé vitamin C cang 16n, cac trang thai bénh 1y
nhu sot hodc ¢6 thai co thé cling do1 hoi tang lugng vitamin C trong khau phan.

Hién tugng gidm vitamin C trong mau, trong nudc ti€u, trong dich vi dugc coi la
nhiing triéu chung dang ké vé 1dm sang cia nhiéu bénh.

Vitamin C c6 & gan, than; mau, stra, bap cai, ca chua, hanh, &t, cam chanh, 14
tung...



Chuwong 7
HORMONE
7.1. KHAI NIEM CHUNG
Nhu chung ta da biét, cac tuyén trong co thé duoc chia 1am 2 loai:

- Loai 1 ¢6 6ng din, chét tiét theo dng dan chuyén dén mot co quan nao d6 goi la
tuyén ngoai tiét (tuyén mo hoi, tuyén tiéu hoa...).

Loai 2 khong c6 6ng dan, chit tiét tir t& bao tuyén truc tiép vao mau hodc bach
huyét di khip co thé goi 14 tuyén ndi tiét. Chat hoa hoc dic biét do tuyén noi tiét sinh
ra goi 1a hormon.

Hormone c6 tac dung diéu hoa d6i véi nhidu qué trinh chuyén hoa quan trong
trong co thé va dong vai trd quan trong trong viéc dam bao kha ning ty didu chinh coa
sinh vat C6 thé coi hormon 13 nhimg chat xuc tac sinh hoc. Nhung hormon khéc
enzym & nhitng diém sau:

Céu tao hoa hoc ctia hom lon khong nhat thiét chi 13 protein. Trong cic hom lon
da biét, mot sé c6 ban chat protein hodc dan Xuét protein, mot s6 khac co céu tao
steroit. - Enzym thudng tac dung dic hiéu trén mot phan tng nhét dinh, con hormon
d6i khi co thé tac dong trén hang loat qua trinh chuyén hoa hodc chirc phan ctia nhiéu
co quan khac nhau (vi du: tyrosin tuyén giap, cocticosteroit vo thuong than).

Hormone cling khac vitamin l1a dugc co thé san sinh ra, con vitamin thi phai duogc
cung cap tur ngoai vao.

Hoat dong cua cac tuyén noi ti€t déu chiu su kiém soat ciia hé than kinh trung
uong, dac biét l1a cua vé nao.

7.2. VAI TRO SINH HQOC CUA HORMON

Hormone 1a nhiing chit hoa hoc duoc tiét ra tur nhitng co quan ddc biét goi la
tuyén ndi tiét, hormon c6 tac dung kich thich diéu khién cac qua trinh trao ddi chat &
co thé.

Hau hét cac hormon khong c6 tinh dic trung cho loai, nghia 13 hon non cta loai
nay ciing c6 tac dung véi loai khac va cho nguoi, chang han nhu hormon insulin cta
tuyén tuy c6 thé dung chung cho nhiéu loai. Nhung mot vai loai hormon chi co tac
dung riéng cho loai do, vi du nhu hormon sinh truéng.

Vai trd sinh hoc ctia hormon trong co thé rat phong phu va phuc tap. C6 thé tom

tat nhirng vai tro chinh cua hormon nhu sau:

- Hormone tham gia diéu hoa qua trinh sinh trudng va phat trién cta co thé. Vi
du hormon kich thich su phat trién (STH), hormon kich thich tuyén giap trang (TSH)
cua



tuyén yén hodc hon non tyrosin ctia tuyén giap trang... Su phat trién binh thudng,
nhit 1a vé mat hinh dang, kich thudc ctia co thé phu thudc vao cac hormon nay.

- Hormone tham gia diéu hoa qua trinh trao d6i chit va ning luong. Qua trinh
chuyén hod, dy trit va bién doi caa vat chat va nang luong trong co thé phu thudce rat
nhiéu vao hormon nhu hormon STH, tyrosin, glucocorticoit, insulin, glucagon... Cac
hormon nay tao ra sy cin bang hai hoa giira hai qua uuul dong hoa va di hoa trong co
the.

- Hormone tham gia diéu hoa sy can béng ndi moi cua dich ndi bao va ngoai bao.
Vi du nhu hormon vasopressin (ADH), hormon ACrP cua tuyén yén, cac hon non
aldosteron va cortizol ciia mién vo tuyén trén than, calcitonin cua tuyén giap trang... c6
vai tro rat quan trong trong qua trinh trao doi nudc, mudi khoang va cac thanh phan
khac, gitr can béng ndi moi, d6n dinh ap suét thim thau, duy tri dd pa...

Hormone tham gia diéu tiét su thich nghi cua co thé véi méi truong. Vi du
hormon tyrosin cta tuyén giap trang tham gia diéu tiét than nhiét, hormon adrenal in
va noradrenalin cta liucll tuy tuyén trén than gitip co thé chdng lai cic stress cia moi
truong. - Homlone tham gia diéu tiét qua rinh sinh san & dong vat. Su c6 mit cla cac
hon non sinh duc dyc (androgen) va hon non sinh duc cai (oestrogen) dam bao su phat
trién, duy tri gidi tinh, sy phat trién giao tu, su thuy tinh, thai nghén, dé va nudéi con cua
dong vat.

Maic du cau tao hod hoc va tac dung sinh ly cua hormon da biét kha tuong tan,
nhung co ché tac dung cua ting loai hormon con nhiéu diéu chua rd hién nay c6 thé
quan ni€ém mat s6 co ché chung ciia hormon nhu sau:

- Co ché diéu hoa chuyén hoa cta nhi€u hormon dugc thé hién bang qua trinh
cam ung tong hop enzym.

Vi du: Nhiéu hormon dic biét 1a cac cocticosteroit co thé kich thich san xuét
ARN 6 nhan té bao qua d6 1am ting tong hop enzym dic hiéu .

- Hoat ho4 truc tiép trén enzym - nhiéu hormon khi dwa vao co thé co tac dung
lam tang hoat tinh mdt enzym nao do.

- Anh hudng t6i1 tinh tham cia mang té bao: nhiéu hormon tham gia dac hiéu vao
chuyén van mot s6 chat qua mang té bao (ose, acid amin, cation.. .).

7.3. PHAN LOAI HORMON

Dua vao ban chét ho hoc ctia hormon nguoi ta chia hormon 1am 2 loai:
- Loai c6 dan xuit steroit

- Loai ¢ ban chét protein, dan xuat protein

Ngoai ra, nguoi ta con can cur vao vi tri san sinh rahormon dé phan loai. Theo do6
ta co:



- Hormone cua tuyén yén

- Hormone cua tuyén giap trang

Tuyén ting >
Tuyén yén
Tuyén cén giap Tuyén gidp

Tuyén (rc
Gan Da day
1
‘ Tuyén thugng than
|
Ta trang Tuyén tyy
]
Vé than

(

Budng trimg

a

Dich hoén‘ \\ ‘. 9 /

Vi tri cdc tuyén noi tiét trong co thé

7.3.1. Logi dén xudt steroit

7.3.1.1. Hormone sinh duc duc
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Tuyén tién lidt i

Ong sinh tinh

Tat ca hon non sinh duc dyc 1a san pham cta hydrocarbon mach vong - tirc 13
cyclopentanpehydrophenantren (gﬁn voi colesterin).

Khi metyl hod & vi tri 10 va 13 thu dugc androstan:

CH;

san pham tryc ti€p cua androstan la hormon sinh duc cuta tinh hoan



* Androsterol

OH

(3- oxy; 17 - xeto androstan)

* Dehydroandrosterol (c6 n6i d6i & vi tri 5, 6)

H,C

OH
* Testoterol: c6 cfu tao gin gi6ng androsterol va 12 déng phan ciia né

OH
CH;3

OH

7.3.1.2. Hormone sinh duc cai



Hormone sinh duc céi duoc san sinh trong tuyén sinh dyc va ciing c¢6 céu tao cua
hydrocarbon mach vong - tuc 1a cyclopentanpehydrophenantren, nhung chi chira mét
nhém metyl G vitri 1 3 :

CH;

OH

Ngay nay da nghién ctru k¥ 3 hon non sinh duc céi la: oestron, oestradiol va

0 OH OH
HiC HiC H,C
. _ OH
OH OH OH

Qestron "Qestradiol QOestriol

oestriol

Nam 1929 Butenant d thu dugc oestron ¢ dang tinh thé tir nudc tiéu cua dong
vat.

Oestron con c6 tén goi thir hai phd bién hon 1a fohculin.

Progesterol hay con goi luteosterol dugc san sinh trong thé vang ctia budng tring
khi chira. Progesterol c6 cdu tao gan gidng hormon sinh duc duc, trong phan tir ¢6 2
nhom xe ton, 3 gdc metyl va mot ndi doi. Progesterol trong co thé dong vat co thé
chuyén sang dang khong hoat dong - pregnandiol va két hop véi acid glucorome thanh
phirc chat duoc bai tiét theo nude tiéu. Cac oestrogen khac dugc bai tiét theo nude tiéu
dudi dang este cua acid sunfuric hoac acid glucoronic.
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7.3.1.3. Hormone v tuyén trén thén

V6 tuyén thugng than chiém khoang 213 khdi luong cua tuyén va cé chic ning
ndi tiét. No tiét ra sd lugng 16n cac hormon c6 tdc dong manh 1én co thé dong vat. Tat
ca cac chit duoc tiét ra tir mién vo tuyén thuong than co ban chat steroid, nghia 1a san
pham cua cyclopentanpehydrophenantren c¢6 ciu tao gan véi hormon sinh duc va co
tén chung la corticosteron.

Corticosteron bao gém cac chét c6 hoat luc hormon d3 duoc nghién ctru nhu: 11
- dehydrocorticosteron, 17-hydroxycorticosteron, 17-hydroxy-1l1-dehydrocorticosteron,
17-hydroxy- 11 -deoxycorticosteron. Céc corticosteron nay chi khac nhau vé sé luong
nguyén tr oxy va hydro ¢ vi tri 11 va 17.

Cong thirc cdu tao cua corticosteron nhu sau:
?HZOH
C=0

Céc corticosteron c6 tdc dong 16n doi vai su trao doi protein va glucid. Riéng
deoxycorticosteron c6 tac dong manh doéi voi trao do61 nudc va muoi khoang, nhung lai
co tac dong yéu vai trao doi protein, glucid.

Nam 1953 ngudi ta da chiét xuat dugc tir mién vo tuyén thuong than mot loai
hormon mai ¢6 hoat luc manh géip 30-120 lan so véi deoxycorticosteron dbi vai trao
ddi nudc va mudi khoang. Trong phan tir cia hormon nay nhom metyl (CH3) & vi tri
13 duoc thay thé boi nhom aldchyd. Vi thé hormon d6 duoc dit tén 1a aldosteron hay
elecrocortin. Aldosteron tim thay trong mau va nuéc tiéu cia bénh than, suy tim.



90% corticosteron trong mau & dang lién két véi protein, chil yéu 14 lién két voi
albumin.

Corticosteron c6 vai trd quan trong trong trao doi chat. Thi nghiém cho thay néu
cit tuyén thuong than s& gy ra sy rdi loan trao ddi protein, glucid, lipid ciing nhu trao
d6i nudc va mudi khoang. Didu d6 dan t6i sy bai tiét chi theo nudc tiéu, tich luy calci
trong té bao, giam manh glycogen trong gan va duong ¢ trong mau. Sy tich luy duong
trong mau s& dan t6i bénh tiéu duong (diabet), dong thoi kém theo sy phan giai protein
va lipid. Néu dua vao co thé dong vat méc bénh hormon cta vo myén thuong than s¢€
khic phuc duoc sy roi loan d6 va 1ap lai trang thai binh thudng cua co thé.

7.3.2. Logi dédn xudt protein
7.3.2.1. Hormone tuyén giap trang

Nam 1919 Kjeldahl khi thuy phéan tyreoglobin da thu dugc tyrosin. Nam 1927
Kharinton va Bar-dro da xac dinh dugc cong thirc cAu tao clia tyrosin:

I I
HOAO‘Q -CH, - (|:H — COOH
I I NH,

B-(3,5- i0d-4) - 3'5'- iod -4-hydroxyphenyl (acid phenyl- ~aminopropionic)
Trong mau ctia dong vat, ngudi ta thay chat co ciu tao gin véi tyrosin nhung hoat luc
manh gép 10 1an tyrosin - d6 14 triiodtyrosin (T5):

I I
HODO—@-CHZ—CF—COOH
I NH,

Ngoai ra, trong tuyén giap trang nguoi ta con thiy ton tai ca monoiodtyrosin.

Tyrocine chtra 1,8% Nito va 75% iod cua tuyén giap trang. Qua trinh sinh tong
hop yrosin xay ra theo cac giai doan nhu sau:



OH OH

. I I
+I; -
NHZ h|]H2
I
CH,—‘CH—COOH : CH, - CH-COOH

(Tyrosin)

CH CH
I I
[ 1 I I
+ —~>HO- —O- CH, - CH - COOH
NH, NH, |
| | NH,
CH,-CH-COOH  CH,-CH- COOH

(Tyrosin)

Hormone tuyén gidp trang c6 tic dong nhiéu mit ddi voi co thé dong vat. No
diéu hoa trao ddi protein, glucid, lipid va mudi khoang, tang kha nang sinh truéng,
tang nhu cau vitanim va cam giac v6i nhiét do. N6 anh hudng 16n téi chirc nang ciia hé
than kinh trung wong,. hé tim mach, qué trinh sinh san, hoat dong co va céc trang thai
khac. Tyrocine lam tang qua trinh trao ddi chét cua co thé, hép thu O,, thai CO,,Ciing
nhu qua trinh phan giai protein, dao thai ngoi

7. 3.2.2. Hormone tuyén tuy
Tuyén tuy tiét ra cac hormon: insulin, glucagon, lipocain,varotonin.

* Insulin: Homlone nay c6 tén goi xuat phat tir chit La tinh insula- dao, nhu vay
n6 duoc san sinh do cac té bao ciia dao Langhenhan ciia tuyén tuy. Chirc ning ctia dao
tuy di duoc nha bac hoc Nga X6-bo-1ép phat hién vao nam 1902 va 1an dau tién da
chiét xuat duoc insulin Nam 1926 cac bac hoc MY Banting va Best da thu dugc insulin
& dang tinh thé.

Insulin 1a mot loai protein c6 trong lugng phan tir 6.000, dé két tinh trong mudi
kém, diém dfmg dién nam trong khoang pH 5,3 - 5,8.

Insulin dugc ciu tao tir 51 acid amin g6m hai chudi: chudi A co 21 acid amin,
chudi B ¢6 30 acid amin. Hai chudi ndi v6i nhau boi hai cau disunfld (S-S) & vi tri thir
7 cua chudi A va B, vi tri 20 cua chudi A va 19 cua chudi B (cong thire cAu tao da trinh
bay & trang 31 chuong protein).

Cau tao phan tir insulin cua céc loai dong vat chi khac nhau goc acid amin ¢ vi tri
8, 9 va 10 cua chuoi A. Cu thé:



Insulin Vitri 8 9 10 ctia chudi A

Bo duc Alanin Serin Valin
Ciu Alanin Glycin Valin
Ngua Treonin Glycin Isoleucin
Lon Treonin Serin Isoleucin

Tac dong cua insulin dbi véi co thé rat 16n. Khi cat tuyén tuy & dong vat xut
hién cac hién tuong: giam sy dong hoa glucose, ting dudng huyét, duong niéu, giam
tbc d0 oxy hod glucose, lang ngo trong nudc tiéu, ting cudng viéc hinh thanh thé
ceton, ting nong do cholesterol va cac lipoid khac & trong mau... sinh bénh tiéu duong
(diabet). BPong vat méc bénh tiéu duong sé bi rdi loan -trao di protein, glucid, pha huy
trang thai cAn bang toan-kiém trong co thé.

Tac dong chu yéu cua insulin 1a xtc tién qua trinh oxy hoa glucose, chuyén
glucose thanh lipid, kim ham sy phan giai glycogen & gan, kim him sy san sinh thé
ceton. Trong thuc t& nguoi ta st dung don vi qudc té cua insulin- tirc 1a sb luong
insulin 1am giam luong dudng trong mau cua thd véi khéi luong 2 kg sau 4 gio dua
hormon vao xudng con 15 mg%.

* Glucagon: Pugc san sinh trong tuyén tuy do té bao a cta ddo Langhenhan.

Glucagon c6 tac dung xtc tién qua trinh phan giai glycogen du trit thanh glucose
dé dua vao mau (lam tang duong huyét).
Glucagon 13 mot polypeptid, trong luong phan tir 3.647. Cong thirc cau tao nhu
sau:
NH,
|

H - His-Ser-Glu-Gly-Tre-Phe-Tre-Ser-Asp-Tyr- Ser-Lys-Tyr-Leu-Asp-Ser-
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

NH, NH, NH,

| |
. Arg-Arg-Ala- Glu-Asp-Phe-Val-Glu- Try-Leu-Met-Asp- Tre — OH
17 18 19 20 21 22 23 24 25 26 27 28 29
* Lipocain: Do té bao biéu mo cua tuyén tuy tiét ra. Lipocain diéu hoa trao d6i
lipid trong co thé, khong dé gan thim md hinh thanh cac ceton, nd xuc tién qua trinh
oxy hoa acid béo (tiéu m&). Ban chit hoa hoc cta lipocain hién chua rd.
7.3.2.3. Hormone tuyén yén
Tuyén yén gom 3 thuy: thuy trudc, thuy gitta va thuy sau, mdi thuy san sinh ra
cac hormon riéng. Trong tuyén yén di tim thdy 9 loai hormon c6 y nghia quan trong

trong su di€u hoa trao doi chat va kich thich chirc nang cua cac tuyén ndi tiét khac.

* Hormone cua thuy truoc tuyén yén



Thuy trude tuyén yén san sinh ra cac loai hon non sau:

- somatotropin hormon (STH) hay con goi la hormon sinh trudéng (Growth
hormon - GH). Homlone nay duoc phat hién khi thi nghiém cit bo thuy trude tuyén
yén & dong vat non. Thi nghiém cho thiy nhiing dong vat nay nglng phat trién va
cham sinh san. Holmone sinh trudng la mdt loai protein dac biét gém 245 géc acid
amin, chtra 15,6% Nito, khong bén khi dun néng, trong lugng phan tir khoang 45.000-
47.800, diém dang dién & pH 6,8.

Vai tro cia STH 14 kich thich sy phat trién cta co thé thong qua co ché 1am ting
qua trinh dong hoa protein & mo bao tao nén sy can bang ngo trong co thé. STH tac
dung chii yéu vao su phat trién ca sun lién hop, ting sinh vé khdi lugng va phat trién
vé thé tich cua hé théng xuong.

Khi vu ning tuyén yén trude tudi day thi thi giy bénh khong 16, uu ning sau tudi
day thi thi gdy bénh to d¢au ngén. Khi nhuoc ning tuyén yén trude tudi day thi thi gay
bénh lun, nhung co thé can ddi, con nhuoc nang sau tudi day thi thi gay bénh xi-
moong roi loan sinh duc.

Thyroit stimulating hormon (TSH) hay con goi 1a kich giap trang t6. D6 1a loai
glucoprotein hoa tan trong nudc, trong luong phan ti 10.000 - 28.000. TSH bi phan
huy khi dun néng va phan giai boi enzym protease.

Chtrc ning chinh ctia TSH 1a kich thich tuyén gip trang, cit bo tuyén yén, tuyén
giap trang ciing teo lai. Nguoc lai, tiém TSH gy wu ning tuyén giap, ting chuyén hoa
co s&. Trong bénh vu ning tuyén giap thuong kém theo hién twong 16i mat, chinh TSH
c6 tac dung gy 10i mat.

- Adrenocorticotropin hormon (ACTH) - kich thuong than t6. D6 13 mot
polypeptit gdm 39 acid amin, c6 trong lugng phéan tir khoang 5.000. Cau tric cta
ACTH da duoc Lee tim ra nam 1961. Nguoi ta nhan thay rang, trong 39 acid amin thi
24 acid amin dau 1a can thiét cho hoat tinh ctia hon non, con 1 5 acid amin con lai 1a
khong co hoat tinh rd rét va thay doi tuy loai.

Chue niang chinh cia ACrH 1a kich thich mién vé ciia tuyén trén than. Acnl ciing
tham gia chuyén ho4 glucid, lipid, protein, nudc va mudi khoang. Véi glucid 1am ting
duong huyét, du trir glycogen; véi lipid ting huy dong lipid va 1am ting thé ceton; véi
protein gy thoai bién protein tao can bang Nito am; ACrH co tac dung giir nudc va
ngai, tang dao thai kim. Khi giam tiét ACrH gay bénh Cushing.

- Folicule stimulating hormon (FSH) - con goi 1a kich nodn bao t6. D6 1a mot
glucoprotein c6 trong lugng phan tir khoang 31.000 (& ngudi) hodc 67.000 (& curu)
g6m 250 acid amin, trong d6 giau cystein.

O con cai FSH c6 tac dung kich thich su phat trién ctia nodn bao dén dang chin
goi 1a nang Degraff ndi rd trén bé mat budng trong va kich thich bao noan tiét noan té



oestrogen.

O con duc FSH kich thich su phat trién ctia dng sinh tinh va kich thich cac té bao
Sertoli & dng sinh tinh san sinh ra tinh tring.

Luteinising hormon (LH) - con goi 13 kich hoang thé t6. D6 12 mot glucoprotein
c6 trong luong phan tir khoang 25.000 bao gom 250 acid amin.

O con cai LH cing v6i FSH thic dy nodn bao chin va tiét nhiéu noan t6. LH con
c6 tac dung lam chin mong nodn bao, ting bai tiét dich trong xoang bao noin dé dat t6i
mot ap luc 16n lam noan bao vo ra, trimg dugce giai phong ra (goi 1a trimg rung). LH
con c6 tac dung bién bao nodn con lai thanh vét seo d6 1a thé vang va kich thich thé
vang tiét hoang thé t progesterol. Nhu vy, FSH chi 1am cho trimg chin, khong lam
trimg rung, tring mudn rung duoc phai c6 LH. Két qua nghién ctru cho thiy ty 1¢
FSH/LH bang 3/1 1a thich hop cho tring chin va rung.

O con duc tuong ung voi LH cua con céi, con duc cd intermedino- cortico
stimulating hon non (ICSH) con goi 1a hon non kich thich té bao k& Leydig phat trién
va tiét ra hormon sinh duc duc androgen.

- Prolactin hay Luteotropin hérmon (LTH) - con goi 1a kich nhii t6. D6 1a mot
polypeptid gom 198 acid amin, c¢é trong lwong phan tir khoang 242.000.

Chuc ning chinh cta prolactin 13 kich thich sy phat trién cta tuyén va va lam
tang tiét sira.

* Hormone cua thuy giita tuyén yén

Thuy giita tuyén yén c6 melanphosphostimulin hom lon (MSH) hay intermedin
6 tac dung diéu hoa sic td da cua dong vat. No 1a mot polypeptit gdm 18 gbc acid
amin, dé phan huy bdi enzym trypsin. Cac gdc acid amin trong phén tir intermedin
cling gan giéng véi corticotrophin:

H- Asp-Glu-Gly- Pro-Tyr-Lys-Met-Glu-His-Phe-Arg-Try-Glu-Ser-Pro-Pro-Lys-
Asp - OH ~ intermedin ctia lon)

* Hormone cua thuy sau tuyén yén

Thuy sau tuyén yén c6 nhiing chitrc ning ndi tiét sau: ting cudng co bop co tir
cung, ting huyét ap va didu hoa su thai nudc tiéu.

Hormone thily sau tuyén yén c6 ocytocin va vasopressin, ca hai hormon nay déu
1a polypeptid c6 ciu tao twong tw nhau.

Ocytocin. Trong luong phan tir 1007, ciu tao tir 8 gdc acid amin: cystin, tyrosin,
thodn, acid glutamic, acid aspartic, glycin, leucin va isoleucin. Ciu tao phan tir
ocytocin nhu sau:



Tyrosin Isoleucin
. H,OH H
Cystin <|36 . Cllz s
NH, c") (le, o} CH - CH,
I I I
CH,-CH-C...NH-CH-C... NH-CH
| |
S C=0
| |
S . O . O NH .
| Cystein I Asparagin | Glutamin
CH,-CH-NH..C-CH-NH ... C- CH -(CH,),CONH,
| I
C=0 CH,
| I
ch N O CO.NH2 O
\ | I
/CH—C . NH-CH- C ... NH.CH,CONH,
|
H,C Glycinamid
2 CH, (|:H2 ycinam
Polin teuelt - CH(CH,),

vasopressin. La mot polypeptid cau tao tir 8 gdc acid amin, khac ocytocin & vj tri

thir 3 isoleucin thay bang phenylalanin va v

i tri thtr 8 leucin thay bang argtrin.

Tyrosin Phenylalanin
Cysin (IIGH4OH cI:GHS
NH, O CH, O CH,
TR PO S ety e
%
? Cystein (IT Asparagin (”) II‘IH Glummin
CH,-CH-NH...C-CH-NH ...C~ CH- (CH,),CONH,
co
H,C b|I f Ico.NH2 I? Glyciamid
\CH—C . NH-CH-C ... NHCH,CONH,
HC ﬁ,é, (IIZH2 .
Prolin CH,

CH, NH - ("lz ~NH,

NH

Nhu vay cau tao hoa hoc cua cua ocytocin va vasopressin chi khac nhau goc acid

amin O vi tri thir 3 va vi tri thir 8:



- Ocytocin:
H—Cys——Tyr-Ile—(;xlu—Alsp—Cys—Pro—Leu -Gly —NH,

| NH, NH, |
S S
- Vasopessin:
H-Cys —Tyr—Phe-CI}lu —Alxsp—Cys—Pro—Arg—Gly ~NH,
| NH, NH, |
S S

ocytocin ¢ tic dung kich thich sy co bop ciia cac dng tuyén sira lam ting thai tiét
stra hoac gay co bop co tron tir cung gay hi¢n tugng thuc dé.

Vasopressin ¢6 tac dung chéng bai xuit nude tiéu, lam tang huyét ap, co co tron.
Co ché chdng bai xuat niéu, cu thé 1a 1am ting cudng qua trinh tai hap thu nudc & 6ng
than. So dd chtrc nang ndi tiét cuia tuyén yén va mbi lién quan v6i hé than kinh trung
uong:

-~ . - - - - - -

Vo nao
Hypothalamus
Tuyén yén

v v v

Thily tudc  Thiy gita Thuy sau  Oxytocin —> Tircung

Vasopressin — Dgng mach nhd

l L5 Tuyé&n sita
Trung gian
v,
T& bao séc B
Tyreotropin  Corticotropin  Gonadotropin Prolactin Somatftropin
v v
Tuyén gidp Vo thugng than T& bao xuong
FH IH Théving Tuyénsita Covacict
béo mém

Budng tring Dich hoin

7.3.3. Loai din xudt cua acid amin

* Adrenalin: hormon ctiia mién tuy myén thuong than. Nam 1895 cac nha bac hoc
Ba Lan Xibunski va Simanovich khi dua vao co thé chat chiét xuat tir tuyén thuong
than d4 nhan thiy su ting huyét ap & dong vat. V& sau, Fyurt ciing xac nhan hoat tinh
hormon cta chit chiét xudt do va dat tén la xyprarenin, con Abel lai goi no la
epinefrin. Nam 1901, Tacamin va Ondrid da thu dugc n6 dudi dang tinh thé, goi la
adrenalin. Nam 1904, adrenalin di duoc téng hop. N6 1a san pham cua sy chuyén hoa
cua acid amin tyrosin, t€n hoa hoc 1a L-metylaminoetanolptrocaxetin:



OH OH OH OH

H HO H
+ 1/202 - cr)z + 1/202
C}{z CI'IZ a_lz + a‘l; C|I'I - OH
I ! I

CH - NH, (IL'H —-NH, l&lz (I:Hz

I

COOH COOH NH, NH —-CH,
(Tyrosin) (Adrenalin)

L-adrenalin 13 chat két tinh, khong tan trong cac dung méi hitu co, it tan trong
nuéc lanh, dé tan trong nudc ndéng va cac acid hitu co, kiém. Dung dich nudc
adrenalin c6 phan ung kiém. Ngoai khong khi né rat nhanh bi oxy hod chuyén thanh
mau hong hoic do.

Adrenalin c6 trong mién tiy tuyén thuong than, trong mau va céc té bao khac &
trang thai ty do hoac & dang lién két véi protein cia mau va té bao. Trong mau ham
lugng adrenalin rat it (trong mau nguoi khoé chi c¢6 0,55. 10 8 gam adrenalin)
Adrenalin c6 tac dong ddi voi hé tim mach, lam ting huyét ap, ting cuong qua trinh
trao d6i khi, ting nhiét do co thé, ting sy oxy hoa. anh hudéng 16n nhit cia adrenal in
1a trao d6i glucid, dudi tac dong cta adrenalin & gan ting cudng sy phéan giai glycogen
lam ting dudng huyét.

* Noradrenalin

Noradrenalin 13 adrenalin nhung mit nhém metyl & mach nhanh. Ham luong
noradrenalin trong méau 16n hon adrenalin 8-1Q 1an. Su c¢6 mit ctia noradrenalin trong
mién tuy cua tuyén thuong than, trong méu, trong gan, lach, ndo va nudc tiéu néi 1én
vai trd cua noradrenalin trong qué trinh trao ddi chit nhu 13 mét hon non cing véi
adrenalin. Cong thtrc cau tao ctia noradrenalin:

OH
HO



Chuong 8
ENZYM

8.1. ENZYM VA HIEN TUQNG XUC TAC SINH HQC

Su sé)ng la qua trinh trao ddi vat chat lién tuc, quéa trinh d6 bao gém hang loat
phan tmg phén giai va tong hop. Két qua 1a nhimg chat glucid, lipid, protein... dwa theo
thirc an vao s& bién thanh thanh phan mai ciia mé bao hoic thanh ning luong cung cap
cho hoat dong song.

Glucid / Pudng A Glucid
Tiéu hod Téng h
Lipid — “enzym > i Acid béo c—éﬁ»x Lipid
Protein Acid amin Protein
Mang tinh dac hiéu Khoéng dac hiéu Dic hiéu

Céac qua trinh nay néu & phong thi nghiém thudng mat nhiéu thi gid, cAn nhiéu
hoa chat, nhiét 6 cao ma két qua d6i khi khong phéan hod triét dé duoc. Trai lai, & diéu
kién in vi vo (tirc 1a trong sinh thé) cc phan tng sinh hoa hoc néi trén tién hanh rat dé
dang, nhanh va hi¢u qua rat cao.

D6 13 nho sy xac tac cua hé thdng enzym
8.1.1. Lich sir vé enzym .

Trudc kia nguoi ta dua ra thuyét "sinh lyc" thuyét ndy cho rang cic qua trinh
sdng dugc diéu khién bai mot" Iyc huyén bi khong thé tim hiéu dugc.

Nhung ngay tir dau thé ky XVIII nguoi ta da bat dau tim toi vé qua trinh tiéu hoa.

- Nam 1783 mot nguoi Y tén 1a Spalacani géi thit vao manh ludi thép rdi cho
diéu hau nudt, khi kéo ludi ra thi thit da bi hoa tan hét. Ong dwa ra két luan 1a thit bi
mot loai chit co tac dung dac biét hoa tan.

Maii dén nam 1811- 1814 nha bac hoc Nga Kiéc-gdp tim ra trong mam laa mot
chat c6 kha nang bién tinh bot tho duong maltose.

Gan 19 ndm sau, 1833, Phi- en va Pec- x6 m&i phan 1ap duoc chat d6 dudi dang
tinh thé ma ngay nay chung ta goi la enzym amylase.

Tuy ngudi C6 Pai di biét dung enzym vao viéc san xuat luon, thudc da, lam
banh mi, 1am pho-mat, lam mam, 0 tuong... nhung su nghién ciru vé enzym c6 thé noéi
chi phat trién tir cudi thé ky XIX.

Sang dau thé ky XX, nhimg phat hién vé enzym thu duoc cang nhiéu, ngudi ta
dan dan biét dugc ban chat hoa hoc ciia enzym 14 protein, di thu duoc nhiéu enzym
tinh khiét (sanmer 1926) di phat hién duoc cau tao nhom ghép cta enzym (Wilstaetter



1920 - 1930). Riéng viéc nghién cuu cac enzym ti€u hod da dugc nha sinh 1y hoc
ngudi Nga Pap - 16p dong gop dang ké.

Cho t6i nay cac kién thirc vé enzym d3 tap hop thanh mot mon hoc sau rong. Do
la mén enzym hoc (enzymologia).

8.1.2. Hién twong xuc tac
Hién tugng xtc tac 1a hién tugng lam ting tbc do phan tng dé cho hé théng
chong dat toi trang thai can bang dong.

A+B — AB

Bang nhitng chat hodc dua tir ngoai vao co thé hodc nd tu san sinh trong qua
trinh phan ing, ban chat cua chat xac tac la khong tham gia vao san pham cudi cung
cua phan ng.

A+B+K —> AB+K
Trong sinh thé cic chit tham gia xuc tac cac phan tng hoa hoc goi 13 enzym.
8.1.3. Pinh nghia vé enzym

Enzym 14 chat xtc tac sinh hoc, nhd c6 enzym ma cac phan tng sinh hoa hoc xay
ra voi mot tbe do rat nhanh, chinh xac, nhip nhang, hi¢u qua cao va tiét kiém nang
lwong. Nguoi ta cho ring enzym 13 dong co dau tién dé sy sdng biéu hién bing céac
hién tuong sdng.

8.2. CAU TRUC HOA HQC CUA ENZYM
8.2.1. Enzym c6 nguén géc protein

Céc cong trinh nghién ctru, dic bi¢t 1a nhiing phat hién ctia Samner (1926 - 1927)
d khang dinh rang enzym c6 ngudn gdc protein. Piéu nay dugc chimg minh qua cac
dic diém sau:

- Trong nudc, enzym hoa tan cho dung dich keo véi cac dic diém nhu khong
khuéch tan va thim thau, cho hién tuong Tindal...

Mbi enzym cé diém déng dién tuong Gng va tai diém d6 nd dé sa léng, dua vao
dé nguoi ta tach riéng dugce enzym.

- Enzym c6 trong luong phan tir 16n, bi pha huy boi cac nhan t& gidng nhu
protein (nhiét do, acid, mubi kim loai ning...). Trong luong phan tir mot sé enzym:

Ribonuclease 13.000 - 15.000
Saccarase 20.000
Pepsin 35.000 - 37.000

Dehydrogenase hiéu khi 80.000



Catalase 248.000
Urease 483.000
8.2.2. Trung tdm hoat dong ciia enzym

Khi nghién ctru vé hoat dong cua enzym nguoi ta thdy rang khong phai toan bo
phan tir enzym déu tham gia qua trinh x(c tic mot cach truc tiép, ma chi c6 nhiing
phﬁn nhét dinh nao d6. Phan nhét dinh do 1a trung tm hoat dong cua enzym. Tuy tung
loai enzym ma trung tdm hoat dong cua enzym nhiéu it khac nhau, trung binh tir 1 dén
20 (c6 khi 100 nhu cholinesterase) hay gip nhat 1 3 - 4. Tinh trung binh cr mot trung
tam tuong Ung vai trong luong phan tt M = 30.000 - 80.000.

Pinh nghia: Trung tim hoat dong cta enzym 1a vi tri tiép xuc giira enzym va co
chét trén phén tir enzym. ¢ ddy s& truc tiép xay ra cac phan tmg sinh hoa hoc.

¢ nhitng enzym don gian, trung tdm hoat dong dugc 1ap nén do kiéu bd tri mét sd
gbc acid amin nao d6. Nhiing gbc acid amin nay phan b theo kiéu nhét dinh thong
qua cu trac bac 1, 2, 3 cua protein. Dic biét 1a ciu truc bac 2, 3. Cac géc acid amin
nay nam xa trén mach peptid nhung gan nhau trong cdu triic khong gian.

Nhitng goc acid amin tham gia thanh l4p nén trung tdm hoat dong cta enzym
dang ké nhat la:

Cystein véi gbc SH

Sam v41 nhom OH

Histidin véi vong imidazol

Ngoai ra con c6 vong indol cua tryptophan, COOH cua loai acid dicarboxylic
cling c6 tac dung nhung kém hon.

* Nhom sunfuryl (-SH) c6 hoat tinh hoa hoc cao nhat & protein vi né tham gia
nhiéu phan Gng nhu oxy - hoa thanh disulflt, alkyl - hoa, oxyl - hoa, 1ap tre - este tao
mach hydrogen . . .

Vi vdy néu nhom SH bi phong bé (vi du boi loai doc' t6 dic biét 1a tim - doc td
nhu acid monoiodaxetic paraclormercunibenzoat...) thi toan bd phan tir enzym s€ t€ hét
va méat hoat lyc.

* Nhom hydroxyl (- OH) cta sdm 1a thanh vién' quan trong cua trung tdm hoat
ddng nhiéu loai enzym nhu esterase va phosphatase.

Vi du: cholinesterase tach axetyl-cholin thanh choan va acid acetic hodc
hexokinase va phosphoglucomutase.

Nhom OH cua sam & day dé lién két v6i HyPO, tic 1a phan ung phosphoryl -
hoa.

Day 1a phan tng rat pho bién cia trao doi vat chat.



Hoat lyc cia OH - sam chiu anh hudng cua histidin. Néu nhém OH - sdm bi
phong toa (bdi dizopropymuorophosphat) thi trung tdm hoat dong mat tic dung va
enzym té hé¢t. * Vong imidazol cua histidin chira Nito hoa tri 3 (= N -) c6 hoat tinh
cao, dé lién két v6i proton kim loai, cac chudn hitu co khac thanh phirc hop co N+.
Dang ké nhat 1a kha niang acyl - hoa va phosphoryl - hoa thanh cac hop chét N - acyl,
N - phosphoryl khong bén, tirc 13 nhitng chit qua do cua phan (mg enzym trong qua
trinh trao d6i vat chét.

O mot sé enzym di duoc nghién ctru k¥, ngudi ta thdy trung tim hoat dong cta
enzym gom nhiéu doan ghép lai va nhiing doan nay khac nhau vé tinh phan cyc hoic
tinh ton.

Vi du: enzym cholinesterase c6 trung tam hoat dong gom cac doan sau:

+ Poan mang dién tich 4m tham gia c¢b dinh co chit (c6 thé do COOH tu do)
doan a.

+ Poan esterase thuc hién cit mach este - quéng cach ciia moi doan la 7A°.
O-
|
H,C- C-0-CH, - CH, - N*= (CH,),

] O 5 2
) O-H ) NO\-H

a

Hai géc acid amin tao nén doan esterase cua trung tam hoat dong 1a histidin va se
rin.

Mbi mot trung tam hoat dong ctia enzym c6 hinh dang va kich thudc phu hép véi
co chat ma enzym tac dung. Su phi hop nay dugc vi nhu ging tay voi ban tay, chia
khoa véi 6 khod.

o O+A

Co cht () O A Sén phém (P)
+ Hop chét trung gian

OIEVAN | ® A

Enzym (E) Enzym (E)

Khi cdu tric bac 1, nhit 1a ciu trac bac 2, 3 cla protein bi xao trdn thi hinh dang
clia trung tdm hoat dong ciing thay ddi, do d6 kha ning hoat dong ctia enzym ciing bi
han ché hoic té liét hoan toan.

Tom lai nhiém vy cta trung tdm hoat dong ctia enzym la:



- Gan co chat 1én phan tr enzym do nhiéu acid amin thuc hi¢n.

- Truc tiép thuc hién cac phan trng hoa hoc do mot acid amin hoac nhom ghép
dam nhan.

8.3. CO CHE HOAT PONG XUC TAC CUA ENZYM
8.3.1. Tinh xuc tdac cua enzym

Trong co thé sinh vat ngudi ta thiy cac phan tmg hoa hoc xay ra voi tée do rat
nhanh & nhitng diéu kién dic biét vé nhiét hoa hoc nhur:

- Nhiét d6 binh thuong (than nhiét 37%)
- Moi truong Co nudce, khong phat nhiét manh.
- Hiéu qua phan giai va tong hop cao so véi trinh d6 xuc tac k§ thuat.

Tinh xtc tic sinh hoc ctia enzym thé hién chinh ¢ chd enzym véi ndng do (sb
lwong) rat nho ciing c6 kha ning ting téc d6 phan tng sinh hoa hoc 1én hang ngan, van
lan so véi diéu kién binh thudng. Nhung ciing nhu cac chat xtic tac khac, ban than
enzym khong tham gia vao san pham cudi ciing ctia phan tng.

8.3.2. Diéu kign dé mét phin ting hod hoc xdy ra
Ta hay lay vi du:
CeH,,06 + O, & CO, + H,0 + 688 Kcal

(DPay khong phai 14 sy chay trong diéu kién binh thuong)

Dé hi€u co ché xtic tac cua enzym, ta can nhd lai mot s6 dieéu kién nhi¢t dong hoc
dé phan Ung tién hanh dugc. Toc do phan tng hod hoc cua 2 chat A + B —AB phu
thudc vao cac yéu to sau:

- Nong d6 cac chét tham gia phan tng A va B

- nang va cham hiru hi¢u gitra cac phan tr

Ngoai ra, dé phan tmg xdy ra duoc nhitng phan tir chat tham gia phai ¢ trang thai
kich dong (tirc 1a ¢ trang thai hoat hod). Muén dat duoc diéu kién nay can nap cho
phan tir co chit mot ngudn ning luong tir bén ngoai (dudi dang nhiét ning, dién ning
hodc quang nang).

Chat xuc tac c6 2 nhiém vu:

- Tang ndng d6 cac chat tham gia phan tng

- Lam cho phan tmg chéng dat téi diém thiang bang dong

Vé co ché xuc tac sinh hoc cia enzym nguoi ta dé ra nhiéu gia thuyét dé giai
thich, nhung déu thong nhat ¢ chd qua trinh xtc tac bat dau bang sy két hop giira
enzym va co chat thanh hop chat trung gian.



E (enzym) + S (co chat)— ES chdp chat trung gian)

Co chét lién két voi enzym & cac trung tAm hoat dong. Su lién két nay co tinh
chét chon loc dic biét.

Ttr dic diém trén ngudi ta dé ra 2 gia thuyét hoat dong ctia enzym.
8.3.3. Thuyét hoat dpng ciia enzym

8.3.3.1. Thuyét tdp hop chat trung gian

Thuyét nay do Nensky dé xudng va sau d6 duoc Langhenbec phat trién.

Theo thuyét nay trong phan Ung enzym va co chét két hop véi nhau thanh mot
hop chat qua do khong bén viing. Do d6 san pham dugc tao ra nay doi hoi ning lugng
hoat hod thap hon binh thudng.

Thuyét nay dung dé giai thich hé thdng enzym va co chat dong pha (ttc 1a cing
thé chat nhu nhau, vi du cing 10ng) c6 thé biéu dién qua so d6 sau:

Gia sirc6 phan ing A =B &= AB.

(Tién hanh cham & diéu hen binh thudng)

Khi thém chat xuc tac K (hodc co enzym) 1ap tic téc do thuan va nghich tang 1én
gap boi.

A+K - AK  (v6imic nang luong thip)

AK+B - AB+K
A+B+K > AK+B 5 AB+K

Téc do & day rat cao vi nd tién hanh theo dudng vong dé tranh muc ning lugng
hoat hod qua cao. Lan - ghen- tiéc dd dung nhiéu hinh mAu ctia phan tmg duong vong
n6i trén dé ching minh.

Vi du: Lay hinh mau esterase - enzym xuc tac sy thuy phan (hoic tong hop) cac
este.

R-CO-0-R'+H,0 — R-COOH +R'-OH

Néu 14y benzoilcarbonyl thay enzym (C6HS5 - co - cH20H) thi chat ndy sé& tao
hop chat trung gian, giai phong ruou:

R - CO - O R' + HOCH, - COC,H, —— R-OH + R COOCH, - COC/H;.

sau d6 hop chat trung gian d& phan tan v6i sy c6 mit cua H2o thanh acid va
benzoilcarbonyl nguyén nhu cii.

R. COOCH,COCH; + H,0 = R - COOH + C,H,CO - CF

Nho c6 benzoicarbonyl ma trang thai can bang dong cta phan tng trén xay ra voi



toc do gap nhiéu lan.

Hay néu mat s6 thi du vé su giam nang luong hoat hoa nho su 1ap hop chét trung
gian nhu:

* Saccarose =~ —Acid Glucose + fructose + 32Kcal/mol
Saccarose ~ —Sacamse 5 Glucose + fructose + 9,4Kcal/mol

*2H,0, ——> 2H,0+0,+ 18 Kcal/mol
2 H,0, - —Caalase 5 2H,0 + O, +2Kcal/mol

* Tryglyxerid —> Glycerin + acid béo + 18,6 Kcal/mol
Tryglyxerid —XB%¢ 5  Glycerin + acid béo + 4,5 Kcal/mol

Biang phuong phap nghién ctru quang phd hip phu Keilin di chimg minh su ton
tai ¢ thuc ciia nhitng hop chat trung gian.

Nhitng nghién ctru vé trung tim hoat dong ciia enzym ciing dem lai nhiéu dan
chtng vé van dé 1ap hop chat trung gian.

AB
0o—4
Cochat (@AY A B ——
. — —>O+ A\ 4+
— Hop chét trung Sén phdm
Enzym gian hoat dong

8.3.3.2. Thuyét hap phu

Thuyét nay duoc Bai-li-xo (1906) dé xudng trudc tién, vé sau dugc nhiéu tac gia
b6 sung. Nguoi ta ding né dé cat nghia hién tuong xtc tic ¢ hé théng enzym - co chét
khac pha (khong ddng nhat nhu co chat thé 1ong, chit xtc tac thé ran).

Khi cho enzym vao hé thdng phan Gmg, enzym hap phu co chat 1én bé mit cia né
lam co chat tap trung lai. Nong d6 co chét tap trung cao hon mdi trudng xung quanh,
tir d6 toc d6 va cham hitu hiéu giita cac phan tir ting 1én gip boi va cic phan tng tién
hanh nhanh chéng.

8.4. PIEU KIEN HOAT PONG CUA ENZYM

Enzym ciing nhu moi chit xtc tac c6 ngudn gdc vo co khac, chi anh huong t6i
tdc d6 phan tmg, 1am hé thong phan tng chéng dat dén giai doan cin bang dong, con
ban than n6 khong tham gia vao san pham cudi cing cta phan tng. Tuy theo yéu to
noéng d6 va trang thai cAn bang hoa hoc ma enzym lam ting toc d6 theo hudng nay
hodc hudng khac

Nhung vi enzym 1a nhitng chat xtc tac sinh hoc c6 ban chét protein va hoat dong
xuc tac & cac vat thé séng nén ching c6 mot s6 dic diém trong hoat dong ma chung ta
can xét sau day:



8.4.1. anh hwong cua nhiét do

Hoat dong ctia enzym 1€ thudc kha rd vao nhiét d¢ ciia moi truong.

Céc nhiét d6 cao (> 70 - 80°C) 1am elizym bj té liét va pha huy do rdi loan vé cu
truc phan tr bac 2, 3 lam hong trung tam hoat dong dugc tao nén tur cac acid quan va
nhom ghép. Néu tac dong clia nhiét chua that siu sac thi enzym c6 kha niang khoi phuc
lai cu tric va do d6 hoat dong xtlic tac cua enzym van con. ung dung vi¢c ludce thit
hoic sdy kho thuc pham dé bao quan.

Nhitng nhiét d6 qua thap (gan hodc dudi O°C) hoat dong cua enzym yéu dan va
hau nhu dimg han lai nhung enzym khong bi pha huy. tmg dung trong viéc bao quan
thyc pham dé hong & tit lanh.

Pa sb cac chat enzym & dong vat c6 hoat do cao nhét & diéu kién than nhiét (37 -
40°C). sy tang nhiét do & giéi han thich hop (35 - 50°C) C6 tac dung kich thich hoat
dong cua enzym tirc 13 kich thich qua trinh trao d6i vat chat. St 13 phan tng bao vé co
thé chdng lai sy xAm nhap cta vi trung, thuc chit 13 ting cuong su hoat dong cia cac
loai enzym.

& ngoai co thé enzym tuan theo qui luat Van-hoff tirc 1a nhiét d6 ting toac hoat
do enzym tang 2 lan, & trong co thé nhiét do tang tdc hoat do enzym tang 1.000 lan.

C6 mot sb enzym chiu duge nhiét d6 cao (100°C dbi véi miokinase bap thit) hodc
nhiét d6 thap (O°C nhu enzym vi sinh vat).

8.4.2. anh hwong cia pH

Enzym rat nhay cam di v6i phan tng mdi truong va mdi enzym cé ving pH
hoat dong tét nhat riéng cho minh. S& d ¢6 anh huéng cua d6 pH dén hoat do cua
enzym la vi enzym c6 ngudn goc protein nén khi pH thay d6i sé anh huéng téi do phan
ly cac nhom chire cAu trao nén trung tam hoat dong cua enzym nhu OH, SH...

Do pH thich hop cia mot s6 enzym thudng gip:
Pepsin dich vi 1,5 - 2,5

- Trypsin dich tuy 7,8 - 9,5

- Amylase nudc bot 6,8 - 7,2

- Lipase dich tuy 7,0 - 8,0

- Phosphatase huyét thanh 9,0 - 10,0

Trong nhiéu truong hop, khi pH thay ddi thi huéng xuc tac thuan nghich cia
enzym cling bi ddo nguoc.

8.4.3. anh hudng cta ndng do enzym va co chit

* anh hwong cua nong do co chat



Dac diém chung cua cac chat xtc tac 1a vdi mdt lugng rat nho, cting c6 kha nang
thuc hién phan img cho mot lugng co chat 16n gap nhiéu lan.

Tuy nhién tdc d6 phan tng ciing phu thudc vao co chat, néu ndng d6 d6 thap thi
toc do enzym xtc tac chdm dan, nhung néu nang ndéng d6 1én mai thi dén mot luc tde
do xuc tac thoi khong tiang vi no da dat duge tdi da (Vmax) luc ndy phan tng 1ap hop
chat trung gian (ES) va giai phong san pham (ES — E + P) tién hanh nhanh nhét.

Nguoi ta dung hing sé Michaelis- Men ten dé biéu dién trang thai phan ly cta
ES.

ES - E+S

[E]+[S]=K[ES]—>K=%5—S—]~ (ki hieu Km)

Hang s6 Michaelis- Men ten Khi (molllit) 13 nong d6 co chat can dé mot enzym
tuong ung hoat dong véi toc d6 bang 1/2 tdc do ti da noi trén tic 1a: Vmax/2
* anh hwéng ciia nong dé enzym

Nong do cua enzym ciing c6 tac dung quan trong ddi véi toe do xuc tac. Noi
chung trong diéu kién thira co chét, toc dd phan tmg phu thudc tuyén tinh vao nong do
enzym: V=k [E].

Trong d6: V 1a téc d6 phan tng, [E] 13 ndng d6 enzym

Ciing ¢6 truong hop khi ndéng d6 enzym qua 16n, tbc do phan tmg ting chim
Theo qui dinh quoc té, don vi enzym 14 s6 lugng enzym c6 kha niang xiic tic phan mg
bién d6i 1 micro-phan tir gam trong 1 phat ( 1 ~I - mollphit) & nhitng diéu kién cu thé
cho truéc nhu to, pH. ..

8.5. TINH PAC HIEU CUA ENZYM

Pa s6 cac enzym co tinh chon loc dbi tuong tac dong mot cach rd rét, mdi mot
enzym chi tdc dong Ién mdt co chéat, mot kiéu phan rng hodc mdt loai phan ung, co
nghia 13 tac dung cta enzym c6 tinh dic hiéu. Hién tuong nay co lién quan dén céu
truc phan tir va trung tam hoat dong ctia enzym.

C6 4 kiéu dic hiéu cua enzym:

- Bac hiéu tuyét ddi

- Bic hiéu trong d6i

- PBiac hiéu theo kiéu phan tng

- Bic hiéu theo kiéu hinh hoc khoéng gian
8.5.1. Pic higu tuyét déi

Mbi enzym chi xuc tac phan ing cho moét loai co chit nhat dinh.



Vi du: Enzym urease chi phan ho4 urea chir khong anh hudng téi metylurea.

NH,
Lo Uese _ NH,+CO,
N\
NH,
NH. .
/ 2 Urease khong phén giai
C=0
N\
NH—CH,

8.5.2. Dic hiéu twong doi

Enzym loai nay xuc tic phan héa mot kiéu lién két, khong chiu anh huong cua
chét tao ra lién két do.

Vi du: Nhom esterase c6 lipase cit mach este giira acid béo va rugu (acid béo c6
thé dai ngan khic nhau, ruou c6 thé glycerin hodc ruou vong...). Tuy vay tdc ¢ phan
tig c6 thay doi.

8.5.3. Dic hiéu theo kiéu phan iing

Enzym loai ndy chi tac dong 1én mot kiéu phan ting nhét dinh.
Vi du: Enzym khir quan tac dong 1én nhiéu acid quan khac nhau
8.5.4. Dic higu theo kiéu hinh hoc khong gian

Enzym loai nay chi tac dong chon loc 1én mdt ki€u cua co chat, néu co chat nay
c6 nhi€u dong phan khong gian.

Vi du: L- arginin bi phan hoa boi L- arginase thanh omitin va urea, con D-
arginin enzym nay khong phén hoa.

Hoic enzym lactat-dehydrogenase ctia bap thit chi xtc tac chuyén acid lactic kiéu
L (+) thanh acid pyruvic nhung khong tac dong 1én kiéu D (-).

8.6. HIEN TUQNG HOAT HOA VA UC CHE CUA ENZYM

Trong hoat dong xtic tac, c6 nhitng chit tic dong 1am ting cudng hoat do cua
enzym, goi 1 chét hoat hoa. Nhung lai c6 nhimg chét 1am giam hodc té liét hoat dong
clia enzym, goi la chat tic ché.

Nguyén nhan cua hién tugng nay c6 dinh liu téi trung tm hoat dong cua enzym
va cau tric phén tr (nht 13 ciu tric bac 3) cla protein - enzym.

- Cac chit hoat hod enzym nhu mét s6 ton kim loai Cu", Zn*, Ca®", Mn*", Mg™",
Co™"...

- Chét C6 tac dong (rc ché enzym thuong 1a chat doc dbi véi co thé.

8.6.1. Gidi thich co ché hoat hod enzym



Trong co thé enzym dugc san sinh & cac co quan hay cac tuyén. Nhiing enzym
nay ban dau thudng & dang chua hoat dong goi la chuan enzym (proferenzyme) mudn
hoat dong dugc enzym phai nho chét hoat hoa.

C6 3 kiéu hoat hod:

8.6.1.1. Céc con kim loai hoa trji 2 tham gia vao cau tao trung tdm hoat dong dé
van chuyén dién tir hodc 1am cau ndi dé ga“'m co chét vao enzym

H H H O H COOH
| | | I | |
R—(I;.‘—N— C-R’ R-C-C-N - C - R
| ! ]
O COO~ NH,;* H*
" -~
o e
/ .\”\. /”"'/ \
Carboxypeptidase Leucin - aminopeptidase

8.6.1.2. Cat mét doan enzym dao trung tam hoat dong cua enzym

Pepsinogen —H<l— pepsin
(PTT 42.000) (35 - 37.000)

N6 mat di mot doan peptid & phia N cudi c6 thé 1a do tac dung cua acid 8.6.1.3.
Cdu tao tai trung tam hogt dong cua enzym

Enzym trypsinogen duoc enterokinase ta trang tac dong 1lam mét mot doan peptid
(lién két hydro bi dirt) mach con lai s€ co rat cAu tao va ciu trac bac 2, 3 ¢b trung tam
hoat dong moi 1a se rin va histidin

Trypsinogen —Entswokinase 5 Trypsin

Cit 7 acid amin d4u tién
000000 o@ , )
|S , ) thr);psmogen
trong d6 histidin va serin xa nhau
%= S & )
000000-S —L
his
Enterokinase Q IS Trypsin
y [ (trong d6 histidin va serin gdn nhau)
I
ooo0000-S S——-

8.6.2. Gidi thich co ché trc ché ciia enzym



Qua trinh trc ché cila enzym la qua trinh trung tdm hoat dong bi phong bé. Hién
tugng rc ché ciia enzym 1a hién tugng rat pho bién trong doi sdng sinh vat, 90% ngd
ddc 1a do enzym bi trc ché.

Nhiing chit thuong gy ra hién twong trc ché enzym 14 kim loai ning, hop chat
hitu co va vo co

Vi du: Ngo doc HCN do an san vi anion CN lién két chat ché€ voi Fe’" cua hé

théng Cytocrom - cytocrom oxydase.
Fe** + CN' - Fe*CN
Fe’" d4 bi lién két v6i CN thanh Fe’'CN nén dién tir khong truyén di dugc va sy
ho hép cuia md bao bi gian doan.
Giai doc: Tiém vao co thé chét oxy-ho4a manh nhu xanh metylen hoac Na,S,0s.
Xanh metylen bién Hb thanh mét- hemoglobin (Hb.OH).

Hb + OH "~ — HbOH (tc Fe**OH)

Trong mé bao Fe*CN cia cytocrom s& ddi ché cho Fe**OH ctia HbOH.
HbOH — #Fe*OH<x —» Fe*-CN — HbCN
Cyt-CN = \ Fe*CN / —» Fe*OH - Cyt.OH

Cytorom & dang Fe’"OH khong bén nén d& phan huy thanh Fe’* va H,O. con
Hb.CN luoc dua vé gan va khur doc dudi dang:

HbCN + S — Hb - CNS
(doc) (khéng doc va dugc thai ra ngoai)

Noc ong c6 enzym pha huy NAD (ma NAD la nhom ghép cua enzym oxy - hoa
hoan nguyén) nén gy cho dong vat bj ong dot hién twong ngat. Cam giac dau 1a do
cac chat acid khong duogc oxy - hoa tich lai kich thich ngon than kinh gy nén.

Mot s6 chét khac nhu Stilbamidin hodc curare thé hién tinh trc ché bang cach bit
trung tdm hoat dong cua enzym axetylcholin esterase.

H H

] 1
H,C - N+C>N+ - CH,

- N Oof )

Men acetylcolin esterase

Curare cling nhu stilbamidin ¢6 2 nhém muon cach nhau 13 - 1 sao twuong ung
quang cach cua doan mang dién tich am trong trung tdm hoat dong cua enzym do do
chat nay dé bit kin.



8.7. TEN GOI VA PHAN LOAI ENZYM
8.7.1. Cach goi tén enzym

Hién nay nguoi ta da ton duoc hon 2.000 loai enzym xtc tic cho hon 2.000 phan
tmg khac nhau. Con s6 d6 ngdy cang duogc ting thém. My trim enzym d3 phan 1ap
duoc rat tinh khiét, trong s6 nay co trén 150 loai da tinh thé hod dugc (tirc 1a kha dong
nhit vé thanh phan).

Nhém enzym tiéu hoa duge nghién ctru dau tién nén mang nhirng tén goi tuy tién
vi du nhu pepsin, trypsin, chimozin, phanh...

Nam 1898 Duy-co-16 di dé ra qui tic goi enzym theo tén La tinh cua co chét
hodc ctia phan tmg sau khi thém vi ngir "ase" vao gdc chit.

Tu do6 ta co tén goi:

Amylum - Amylase (enzym phan giai tinh bot)
Protein - Proteinase (enzym phén giai protein)

U re - Urease (enzym phan gidi uré)

Oxy - Oxydase (enzym oxy hod)

Hydrogen - Hydrogenase (enzym thuy phan)

Metyl - Metylferase (enzym véan chuyén nhém CH3)
8.7.2. Phan logi enzym

C6 nhiéu cach phan loai enzym, c6 thé dua vao ban chat hod hoc ctia enzym,
cling c6 thé dua vao ki€u xuc tac cuia enzym dé phan loai enzym.

8.7.2.1. Phdn logi theo ban chat hod hoc

Nhu chiing ta da biét ban chit hoa hoc ciia enzym 13 protein. Cho nén, néu dira
vao ban chat hod hoc ngudi ta chia enzym ra lam 2 16p: 16p enzym don gian va 16p
enzym phurc tap

- L6p enzym don gian twong tng véi 16p protein don gian, c6 thanh phan thuan
tuy 1a acid amin va tinh xuc tac sinh hoc cta ching dwgc qui dinh boi cdu tric cua
phan tir protein. Vi du enzym: pepsin, trypsin, urease...

- Lép enzym phure tap, tuong ing v6i mot.em phirc tap, trong phan tir ¢6 2 phan:
phan protein va phan nhém ghép khong phai ban chit protein.

Phén protein, ké ca enzym don gian, gan véi loai protein dang ciu nhu globulin,
albumin, trong enzym phirc tap ngudi ta goi phan nay 1 apoenzym phan nay quyét
dinh tinh dac hi¢u cia enzym.

Phan nhém ghép khong phai protein c6 tén 1a coenzym. Phan niy c6 ngudn gdc
khac nhau: c¢6 thé 1a nucleotid, nhém hém, cac nguyén tir kim loai, dang cha ¥ nhat 1a



& nhiéu enzym phirc tap, nhom ghép 1a dan xuit cua vitamin. Vi du: enzym
dehydrogenase hiéu khi (chtra vitamin B,) enzym decarboxylase (chira vitamin By),
enzym dehydrogenase yém khi (chira vitamin PP)...

MGéi lién két gitta nhom ghép va phan protein cua phan tir enzym c6 do bén viing
khong nhét dinh, & loai nay thi bén (vi du nhém cytocrom), & loai khac khong bén lim
(nhu riboflavin ctia enzym dchydrogenase hiéu kho. C6 loai chira nhém ghép hoan
toan linh dong nhu NAD, NAD.P ctia enzym dehydrogenase yém khi.

Tinh xtc tac thuong do ca 2 phan nay qui dinh, nhém ghép thudng nam trong
diém hoat dong cua enzym.

8.7.2.2. Phdn logi theo co ché xiic tic ciia enzym

MObi mot enzym cé tinh dic hiéu riéng ciia nd, cho nén néu dua vao dic diém xuc
tac ctia enzym (trc 1a phan Gmg do enzym xuc tac, kiéu hoat dong cta enzym) thi tai
Hoi nghi sinh hoa hoc Qudc té cudi nam 1961 hop tai Moscow di dé ra mot bang phan
loai moi, trong d6 enzym duogc chia ra lam 6 16p.

Oxydoreductase (L&p enzym oxy hoa hoan nguyén sinh hoc)
- Hydrolase (L&p enzym thuy phéan)
- Lia se (Lép enzym phan giai chat khong theo con duong thuy phan)
- Ligase hay Syntetase (Lép enzym tong hop chat)
- Transferase (LOp enzym van chuyén)
- Isomerase hay Mutase (Lop enzym dong phan hoa)
M&i 16p lai chia thanh nhiéu nhém va mdi nhém lai 6 nhiéu dai dién.
Lop 1 : Oxydoreductase
(L6p enzym oxy hoa hoan nguyén sinh hoc)

La nhom enzym xtc tac nhitng phan ing oxy hoéa khur gitra cac co chat trong qua
trinh oxy hod khtr, cho nén con dugc goi 1a electrontransportase. Nhitng enzym nay
phan nhiéu xuc tac sy van chuyén dién tu.

Lop oxydoreductase rat pho bién trong cac mo bao cua moi sinh vat vi oxy- hoa
hoan nguyén 1a mét trong nhiing qua trinh co ban nhat cua sy song.

Tuy theo mach ndi noi ching liy dién tir (hodc nguyén tor H2) ma 16p
oxydoreductase chia ra cdc nhom:

- Dehydrogenase
- Oxydase
- Peroxydase

- Cytocrom.



1. Nhom dehydrogenase
Pay 13 enzym oxy - hoa hoan nguyén xuc tac sy tach H, tir ¢t chit theo so dd:
SH,+B&—=B.H,+S
Co chét bi oxy hoa (khir) mét di nguyén tir H, con chat B nhian H, (oxy hod)
dugc hoan nguyén.

Néu B ¢ so do trén khong phai 13 oxy ma 1a mot chat khac thi dehydrogenase loai
nay 1a yém khi. Con néu chat nhan B 13 oxy thi dchydrogenase loai nay 1a hiéu khi.
Céu triic cua 2 loai enzym nay khac nhau, rd rét nhét 1a vé nhom ghép cia chiing.

a- Dehydrogenase yém khi
Enzym loai ndy ldy H2 tir cir chat truyén cho chat nhan khong phai 1a O,
Coch& S.H,+ B = B.H,+ S
Nhém ghép cua dehydrogenase yém khi ¢ cdu trac phtic tap chtra vitamin PP
goi tit 1a NAD va NAD.P.
- NAD (Nicotinamid - adenosin - dinucleotid)
- NAD.P (Nicotinanud - adenosin - dinucleotid phosphat)

Pic diém cua hai nhém ghép nay 1a khong lién két cd dinh voi enzym ma rat dé
tach khoi phan protein ctia enzym (rét linh dong).

Trong hoat dong oxy-hod ching nhian dién tr (hodc nguyén to¢ H,) tu
Gehydrogenase yém khi dé chuyén cho dehydrogenase hiéu khi (tirc men vang). Cong
thirc nhém ghép cua dehydrogenase yém khi:



Co ché€ xiic tic:

+ 2H*
St
o 0 R E
----0-1’7‘-0-1?-0- ----o-'-o-E-o-
OH o OH OH

M3di co chat thuong c6 loai dehydrogenase yém khi dac hiéu tac dung. Vi du:
Ruou c6 alcotholdehydrogenase
CH, - CH, - OH — CH, - CHO + 2H" + 2¢

- Acid malic cé malatdehydrogenase
COOH-CH,-CHOH-COOH — COOH-CH,-CO-COOH+2H" + 2¢’

b- Dehydrogenase hiéu khi

Pay 1a nhom enzym tach dién tir hodc proton hydro va chuyén cho chit nhan 1a
OXy.

Nhom enzym hiéu khi nay hay con goi 1a men vang vi phan nhém ghép la
ribonavin (vitamin B,) ¢6 mau vang. b6 1a FMN va FAD cong thirc nhu sau:



FAD

Co ché& hoat dong xiic tac:

N
f . +2H"
= oo
\N

Dang mau vang (khi)

Enzym dehydrogenase hiéu khi nhan nguyén tir H, tu dehydrogenase yém khi
thong qua NAD va NAD.P bién thanh dang hoan nguyén khong mau. Né lai chuyén
H, d6 truc tiép hoic gian tiép (thong qua hé thong Cytocrom) cho oxy dé tao thanh

HzO hOéC HzOz.

2. Nhom oxydase

Pay 1a nhém enzym oxy hoa co chét va chuyén truc tiép H, cho O, (chi chuyén

cho O, ma thoi).

Loai enzym nay thdy nhiéu trong mé bao thuc vat, & mo bao dong vat it hon.

So dd hoat dong cua oxydase nhu sau:

Dang khéng mau (hoan nguyén)



Cl)H 1

/
+ Oxydase — I ! + Oxydase - H,

\
OH

Oxydase-H, +1/20, - H,0 + Oxydase.
Vi du: Oxydase cho acid amin

COOH COOH
CH - NH, + oxydase - C=NH + Oxydase - H,
R
Oxydase - H, + O, > H,0, + Oxydase
oxydase 14 nhitng enzym phtic tap chtra nguyén ttr ddng bén canh phan protein.
3. Nhom peroxydase

Day la nhom enzym oxy hoa tach oxy tir peroxythydro (H,O,) hodc cac peroxyt
hiru co khac

Co chét dugc oxy - hoa nhd peroxydase & co thé thudng 1a polyphenol hodc céc
acid amin mach vong.

OH O
H,0,—» HO0+O0 I
@ }O — + H,O
I{ —> R=0+0
\ OH o)
Thuyét oxy - hoa cua Ba-kho dac biét nhdn manh vai tro peroxydase ddi véi
nhiing peroxyt hiru co.

Day la enzym c6 nhi€u trong md bao thyc vat. & dong vat c6 may loai dang ké
nhu verdoperoxydase ctia hong cau, lactoperoxydase cua sira.

Nhu chung ta di biét & phan hoa H,0, (Chét doc) con cd enzym catalase.
2H,0, —Caulsse 5 2 H,0 + O,.

(néu 12 peroxydase thi tao thanh oxy nguyén tir (O) va tiép tuc phan tng).

V& mit cdu triic peroxydase va catalase 1a nhitng enzym phuc tap c6 nhom ghép
1a vong porflrin chira nguyén tir sit 2 (nhom Hém).

4. Nhom cytocrom

Cytocrom (cytos - té bao; chroma - mau sic) 13 nhitng sic t6 ho hap co6 & khap



moi té bao sinh vat (trir loai vi khuan yém khi), n6 tao thanh hé thdng cytocrom va
cytocrom - oxydase bao gdm cac chit cytocrom va enzym oxy - hoa cytocrom (tic 13
cytocrom - oxydase).

Cytocrom c0 trén dudi 10 loai, ky hi¢u béng chir Latinh a, b, c...

O mo bao dong vat chu yéu cytocrom a, b, ¢; & vi sinh vat, nam men, ciy coi ¢
nhiéu loai hon a;, a,, a3, b;...

Trong lugng phan tir ciia cytocrom 13 - 16.000 nhom ghép c6 cau tric nhu vong
he min chtra nguyén tr Fe’”. Trong qua trinh oxy - ho4 hoan nguyén, cytocrom chi
nhan va chuyén dién tir nhd sy thay doi hoa tri Fe.

Fe* + e — Fe*

Vé co ché hoat hoa cua ching, ta thiy trong cac t& bao dong vat hé thong
cytocrom ding trung gian gitta enzym flavin hoan nguyén va oxy, chung nhan dién tr
& FMN (hoic FAD) dé chuyén cho O,:

2 cytocrom - Fe** + 1/2 0, —9%‘;%;—2—'—) 0,” + 2 cytocrom - Fe*

Nguyén tir O, duoc hoat hod mang du dién tich (-) O,- s& dé ning lién két vai 2
proton H' tao thanh H,0.

0 + 2H* - H,0

Qua4 trinh tién hanh kém theo sy gidi phong ning luong va duoc tich luy vao
ATP s& trinh bay & phan trao ddi chat vé sau)

Lop 2: Hydrolase (16p enzym thuy phan)

L6p nay gdm nhitng enzym phén giai nhidu co chit khac nhau nhu protein, lipid,
Jucid.... tao ra nhirng phan don gian.

Phan rng c6 sy tham gia ctia phan tir H20 nén goi 1a 16p enzym thuy phan.
So db phan tng:
R-R' + HO > R-OH+R'-H

Dua vao mach ndi va co chit nguoi ta chia hydrolase lam nhiéu nhéom Vi du:
Nhom cat mach este

Nhém cat mach glucosid

Nhém cét mach peptid

Pang chl ¥ nhét 1a miy nhém chinh dudi day

1. Carbohydrase



- Thuy phan glucid (Cat mach glucozit C - O - C)

- Loai carbohydrase thuy phan da duong goi l1a polysacarase

Loai carbohydrase thuy phan duong kép goi la disacarase.

* Pai dién chinh cua polysacarase (hay polyase) la a - amylase, ~ - amylase,
cellulase. Nudc bot va moé dong vét (gan, tuy, co, ndo...) chu yéu la a - amylase.

- a - amylase phan giai tinh bdt, glycogen thanh dextrin va mot it maltose.

- B - amylase chil yéu & thuc vat, kha ning phan giai cao hon (dén maltose).

- Enzym cellulase chu yéu c6 & cac loai vi sinh vét, & dong vat cao ding (ngudi,

gia suc) khong c6, enzym nay thuy phan chat xo (cellulose) thanh duong kép
celobiose.

* Nhom disacarase (hay olygase) c6 tinh dic hiéu hoa hoc khong gian nén chia
ra a va P glucosidase, tuy vi tri cit mach glucosid trong dudng kép.
a - glucosidase thuong gdp: maltase (c6 nhum dich ti€u hod ndi bao).
B - glucosidase nhu sacarase, lactase...

2. Esterase
Cit mach este phirc tap nhu phospho - este; thioeste mé-..

Nhoém enzym nay cé tinh dac hi¢u khong cao (trir cholinesterase dac hi¢u cho
acetylcholin cua hé than kinh).

Mot s6 phan nhom chinh nhu sau:
a- Lipase: (thuy phan m& thanh glycerin va acid béo)

CH,-0-COR, CH,OH

Lipase

CH-0-COR; —— CHOH +3R-COOCH

CH,- O - COR; CH,OH

Enzym nay c6 ¢ tuy, mau, gan va hat cay c6 dau nhi€u vi khuan ciing chira
lipase.

b- Phosphatase: Tach hodc ghép gdc phosphat & nhiéu loai co chat.

o)
I

R-O-P-OH+H,0 - R-OH +H,PO,
|
OH

Pai dién: enzym nucleotidase - taich H,PO, khoi nucleotié Ribonuclease va
desoxyribonuclease (phan giai acid nucleic)



3. Protease
Thuy phan protein va peptid Chia lam 2 loai: proteinase va peptidase So d6 phan
ung:
R-CO-NH-R'+ H,0 - R-COOH +R'-NH,
* Pai dién chinh cua proteinase la
Pepsin: c6 trong dich ti€u hoa da day
Luc méi tiét ra ¢ dang pepsinogen va dugc hoat hoa boi Ho voi pH = 1,5 - 2,0.
Chung phan giai gan 30% mach peptid va bién protein thanh polypeptid.
Pepsinogen —Y<—»  Pepsin
Protein —Pepsin_,  Polypeptid
Chimosin: enzym nay chi c6 ¢ da muai khé dong vat non.

N6 c6 tac dung lam dong von caseinogen 6 stra thanh casein khong hoa tan, dé
kéo dai thoi gian tdc dong cua pepsin.

Trypsin: Do tuyén tuy tiét ra dudi dang trypsinogen.
trypsinogen —<nierokinse 5 grynsin
Hoat dong & moi truong kiém ciia rudt non pH =8 - 9

- Chimotrypsin: do tuyén tuy tiét ra nhd trypsin hoat hod, né c6 tac dung lam
casein dong von.

- Catepsin: c6 trong md bao nhu gan, co, than, lach hoat dong & pH : 4 -5 nén tac
dung pha huy protein n6i bat sau khi dong vat chét (pa mo bao luc d6 toan vi c¢6 nhiéu
acid lactic).

Papain: 1a proteinase thuc vat c6 nhi€éu & nhya cay du du.

Nhitng manh peptid do nhém enzym ké trén phan hoa s& dugc peptidase tac dong
tiép tuc dén acid amin.

* Mot s6 dai dién peptidase nhu sau:

- Carboxvpeptidase: do tuyén tuy va niém mac rudt non san sinh, né cat mach
peptid gan nhom carboxyl (COOH) ty do.

Aminopeptidase: Do niém mac rudt non san sinh, no cat mach peptid gan nhom
quan (NH,) tu do.

so do tac dung cua 2 loai trén:



+H,0

aminopeptidase

carboxypeptidase

4. Amidase
Thuy phéan cac amid
R-CO-NH,+H,0 - R -COOH + NH,
My dai dién phd bién:
- Urease tach uré thanh amoniac

Glutaminase tach glutamin thanh acid glutamic va NH3' - Asparaginase tach
asparagin

5. Desaminase

Enzym khtr nhém quan
Enzym nay tach NH, ra khoi acié quan hoic goc kiém purin. Vi du:
H
N 4 N Dezaminase 4 +NH,
SV |
\ N\ \ N

L&p 3: Liase (16p enzym phan giai chét khong theo thuy phan) Pay 14 16p enzym
phan giai hodc tong hop chat khong theo con duong thuy phan. (Nhém ghép cua
enzym nay la dn xuat VTM Bi - LTPP).

Két qua cua phan tng thudng 1am xuét hién (hodc mat di) mot mach nbi.

Duya vao mach n6i ma enzym tac dung, nguoi ta chia ra cac ki€u xuc tdc nhu sau:
C - C liase; C - O liase; C - N liase; C - S liase...

Vidu:

+ Kiéu C - C lia se thuong gip 1a carboxylase, aldolase



COCH

|
C=0

l
Pyruvatdecacboxylase CO, +C-H

I
CH,

Acid pyruvic
+ Kiéu C - O liase

H,C0,

Carboanhydrase

(0]

|
Cl-Iz

CO, + H,0

Lép 4: Ligase hoic syntetase (I6p enzym tong hop chit)

Pay 1a 16p enzym xtc tac su trung hop chét véi sy tham gia ctia ATP.

Thuodng phan ra may nhom 16n sau day:

1. Ligase tao mach néi C - O

Vi du: Trong qua trinh hoat hoa va van chuyén acid amin cta su tong hop protein

O té bao, moi1 acid amin.

ATP + tyrosin + S - ARN - AMP + H,P,0, + tyrosin - S - ARN enzym xiic tic

tyrosyl - s - ARN - syntetase.

2. Ligase lién két acid véi co' chét chira goc SH

Nhom ghép cta enzym ndy 1a coenzym - acyl - hoa (viét tit 13 COA hodc COA-

SH).
3. Ligase tao nén két C - C

Vi du: Enzym pyruvatcarboxylase xuc tac phan ung sau:

C'JHs
(|3 =0 +
COOH

Acid pyruvic

C02 -_

COOH

CH,

C=0

COOH

Acid oxaloacetic

Lép 5: Transferase (16p enzym van chuyén)

Transferase 1a 16p enzym xtc tac sy van chuyén nhom nguyén tu tor chat nay

sang chat khac.

So db phan tmg chung 13:



A-x +B —Trspherse , gy 4 A
Tuy theo nhom nguyén tir duge van chuyén ma enzym c6 tén goi khac nhau.
Vi du: Enzym véan chuyén nhom metyl (CHs) c6 tén 14 metylferase
Enzym van chuyén nhém quan (NH2) c6 tén 1a aminoferase
Mot sb phan Gmg duoc nghién ciru ki 1a:
1. Phan ng chuyén quan nhé aminoferase

Aminoferase 1a enzym phirc tap c6 nhom ghép 1a dan xudt vitamin B6
(phosphopyridoxal). Co ché tong quat nhu sau:

R R’ R’ R

CllH—NHz+ cltzo o Lol C'IH—NHZ + =0

C|IOOH éOOH (IZOOH CIIOOH
Acid amin Cetoacid Acid amin méi  Cetoacid méi

Vai trd clia vitamin By trong phan ting chuyén amin:

R - CH - COOH

. | R - C- COOH
o S
(Acid amin) HC=N- Cetoacid méi
| g)[OH : /
HO CH,0 (P) Srams
O , ‘ : [
c .
"H HCN HO cmo@
HO 7 \-CH,0 P N
l (Hop chét trung gian H,C
H,C™\ Kiém Sif) N
A\ IN
N (Phosphopiridoxamin)
(Phosphopiridoxal)'\ <
R'- CH - COOH R - C- COOH
)
NH,
(Acid amin méi) (Cetoacid

2. Phén @ng chuyén metyl

Pay ciling 1a phan tng rat quan trong vi né cho ra choan - mot hoat chat quan
trong ctia co thé dong vat. Phan ung tién hanh giita cac acid amin cho metyl (nhu
methionin) va chat nhan metyl (nhu etanolantn).



CH, - S- CH, CH, - SH

é!-lz CH,OH ICH, CH,OH
biown, Vobuong JI:H-NF'I2 * b, - NH (),

&OOH COCH

(Methionin) (Etanolamin) (Homocystein) (Cholin)

Lép 6: Isomerase va mutase (Lép enzym dong phan hoa)

Lép enzym ndy xuc tic qua trinh van chuyén nhom nguyén tir trong ndi bo phan
tir dé tao ra d6ng phan méi.

Nguoi ta phan biét miy loai sau:

1. Loai raxemas

Bién tir dang dong phan D ra L hodc dang a ra p
Vi du: bién L - anilin thanh D - anilin

L - ly sin thanh D - ly sin

a - D - glucose thanh B - D - glucose

2. Bién tir dang cis ra dang trans

H-%-COOH H-(IIZ-COOH
H-C-COOH — HOOC-C-H
acid maleinic (cis) acid fumaric (trans)

.

3. Loai isomerase chuyén aldos thanh cetos

CH,OH CHO
: C= 0) _lsg_mirg_sg H- ? - OH

I

&0(®) S0P
3- Phosphodioxyaceton 3- phosphoglycerylaldehyd

4. Enzym nhém mutase xiic tac sw doi chd ciia nhirng nhém nguyén tir trong
phan tir co chét

Vidu: 2-Lisolexitin —— 3 - Lisolexitin



Chuong 9
DPAI CUONG VE QUA TRINH TRAO POI CHAT

9.1. KHAI NIEM CHUNG
9.1.1. Pinh nghia vé qud trinh trao déi vit chit

Moi sinh vat déu ton tai trong moi truong bao quanh nd. Tor mdi trudong nay, cod
thé sinh vét s& thu nhan cac nguyén liéu can thiét dé sinh trudng va phat trién, dong
thoi thai ra moi trudng nhitng chét cin ba khong can thiét cho co thé.

Qua trinh thu va thai d6 goi 1a qua trinh trao d6i vat chét giita co thé sinh vat va
ngoai canh.

Qua trinh trao ddi vat chat dién ra khong ngimg, tir lac 13 mot hop tir dén lac
chét.

Triét hoc Macxit da lay trao doi vat chat 1am quan diém co ban dé danh gia su
song. Chinh vi thé ma ang-ghen trong tic pham "Phép bién chimg tw nhiém da viét:
"Su sdng 13 phuong thirc ton tai ctia nhitng thé protein v6i dic diém cha yéu 13 qua
trinh trao ddi vat chat lién tuc véi ngoai canh xung quanh. Mot khi qué trinh trao doi
d6 ngimg thi su séng cling ngimg va diéu nay din t6i trang thai tan ri cua nhiing thé
protein".

Qua trinh trao d6i vat chat ¢ thé gi6i vo sinh:
Pay 1a qua trinh din t6i trang thai tan r phan huy cac vat thé vo co.
Vi du: Da bi phong hod thanh cat.

Sat bi oxy hod ngoai khong khi thanh gi sit:  Fe + O, = Fe,0,

Cay 14 bi muc nat...
- Qué trinh trao doi vat chét & co thé sdng:

Tréi lai voi qué trinh trao d6i chat ¢ thé gidi vo sinh, qua trinh trao ddi chat ¢ thé
gidi sinh vat 1a 1am nén méng cho su duy tri phat trién giong loai. Py 1a mot qua trinh
phtrc tap, mgt qua trinh c6 chon loc va cai bién cac yéu td ngoai canh.

Sy trao ddi vat chit & co thé sdng bao gdm hai qué trinh: ddng hoa va di hoa. Do
13 2 qué trinh mau thuin nhau nhung lai théng nhét véi nhau.

9.1.1.1. Qud trinh dong hod (assimalative process)

Su dong hoa 1a sy cai bién cac chat da hap thu va su sir dung cac chat @6 dé tong
hop nén cac cau trac cua té bao va cac nguyén li¢u du trir.

O day co thé sinh vat ldy cac chat protein, lipid, glucid tir méi truong bén ngoai



(c6 tinh dic hiéu riéng cua timg loai) qua qua trinh tiéu hod bién thanh cac phéan tir don
gian d& hap thu nhu acid amin, acid béo, cac dudng o se (khong c6 tinh ddc hiéu). Cac
don phan tir nay s& duoc hip thu va dem téi mo bao téng hop thanh cac chit protein,
lipid, glucid dac hiéu riéng cho timg co thé.

Qua trinh d6 dién ra nhu sau:

Protein acid amin Protein
Lipid Tieuhod  acid béo Hépthu  m4u, mo bao_T6ng hog Lipid
Glucid ose Glucid
(Dic hiéu) (Khong dac hiéu) (Pic hiéu)

9.1.1.2. Qua trinh di hoa (Elimination)

D6 1a qua trinh phan giai cac chat di ¢6 sin hodc dwa vao tir thirc n nhu protein,
lipid, glucid... thanh nhitng chat don gian dan vé cdu truc, nghéo dan vé dy trit ning
luong tu do va cudi cung thanh nhitng chat phé pham, nhimng chit cin ba khong can
thiét cho co thé va bi thai ra bén ngoai theo con dudng nudc tiéu, phan, mo héi hay hoi
thd.

Acid amin Co,
Acid béo Dihod  _ Ho
Glucose Gidi phéng Q Céc hop chat hitu co

Enzym, hormon...

Nhu vay, dong hoa va di hod 13 hai qué trinh tién hanh ngay trong ndi bo co thé,
n6 13 méi mau thuin thdng nhét cta su trao ddi vat chat. Hai qua trinh d6 tién hanh
song song, trai nguoc nhau nhung hd tro 13n nhau. That vy, qua trinh dong ho4 tao ra
mot thanh phan cia co thé trong d6 c6 nhiing enzym xuc tac. Co nhiing enzym nay thi
nhitng phan ¢mg phan giai cua qué trinh di hoa mdi tién hanh duoc, nhung moi phan
g tong hop ¢ co thé déu can dén ning luong, ma sd ning luong nay chi co thé do
qua trinh di hoa cung cdp. Mdi mau thuin thdng nhat gitra ddng hod va di hoa chinh 1a
dong co thuc day sy phat trién moi sinh vat.

O dong vat non, mo bao phat trién manh, ta théy qua trinh déng hoa chiém uu thé
va nguoc lai.

O gia stc ciing nhu ¢ ngudi su trao doi vat chat gdm 3 giai doan:

- Giai doan thtr nhét (tiéu hod): Phan giai thic dn & dudng hod dén cac chat co
thé hép thu duogc: acid amin, dudng, acid béo.

- Giai doan thir hai (hip thu): Budc chuyén hod trung gian.

- Giai doan thr ba: Tong hop va bai tiét cin ba.

9.1.2. Ngi dung ciia qud trinh trao déi vit chit

No6i dung cta qua trinh trao doi1 vat chat l1a thay cti d61 mdi. P€ hiéu duogc ndi



dung nay ta xét 2 van dé:
Van dé tao hinh.
- VAn dé ning luong.
9.1.2.1. Vén dé tao hinh

Tao hinh 13 qu4 trinh tong hop nén cac chat c6 hoat tinh sinh hoc cao va cac chat
dé xay dung mé bao. Quan trong nhét 13 tong hop nén hé thdng protein - enzym. Qua
trinh tong hop protein qua nhiéu giai doan phirc tap va mang tinh chét dic trung rd rét
cho ting sinh vat.

9.1.2.2. Vin dé ndang lrong

Tat ca cac hoat dong séng cua co thé can niang lugng. Nang luong sinh vét cd
nhiéu dang khac nhau:

- Co ning cta cac hoat dong bép thit.

- Hod ning cua cac phan tng tong hop va phén giai.

- bién ning cua cac hoat dong than linh.

- Nang luong tham thiu cta cac qué trinh hap thu va bai tiét.

Ngudn ning luong cia sy sdng duge ldy tir anh sang mit troi nho diép luc cua
cay xanh (qua trinh quang hop).

O trong co thé, théng qua cac qua trinh oxy hoa cac chét hiru co: protein, lipid,
glucid... ning luong duoc giai phong va chung duoc tich luy vao cac chit mang ning
lrong. Chat mang ning luong quan trong nhit va phd bién nhat 1a ATP (Adenosin
triphosphat). Ngoai ra con ¢6 mot sd chit mang nang luong khac nhu Creatin Phosphat
(CP), Arginin-phosphat (& mot sb loai nhuyén thé).

Ning luong duge du trir trong nhitng mach cao ning lugng, nhitng mach dé dé
dang dut ra dé giai phong nang lugng cung cip cho hoat dong song.

Pé nhan xét vé cudng do trao doi vat chat cia co thé dong vat va nang luong giai
phong ra, nguoi ta thuong do nhiét luong cua co thé toa ra trong mot quing thoi gian.
Dung cu do 13 budng nhiét ké. Ngoai ra con c6 cach do gian tiép lwong oxy thu vao va
lugng CO, thai ra trong mdt quang thoi gian.

9.1.3. Niing lwong diung vao cdc hoat dong song

9.1.3.1. Nang heong trao déi co ban

La sb nang luong tinh bang Kilocalo (Kem) can thiét cho co thé dong vt trong
diéu kién nhat dinh sau:

- Co thé & trang thai yén tinh tuong ddi.

- Khong ¢6 thirc an ¢ dudng tiéu hoa (cach xa bira an cudi cung it nhat 1a 12 - 18



gio).
- Nhiét d6 moi truong tbi thich hop 1 8 - 20°C.
Dbi V6i ngudi niang luong trao doi co ban 13: 1.500 - 1 .700 Kcal/ngay
Bo duc 15.000 Kcayngay
Ngua 18.000 Kcallngay
Cuu dyc 2.800 Kcayngay.
Con sb nay khong ¢ dinh ma thay d6i theo nhiéu yéu t& nhu: tudi, gibng, tinh
biét (2. 9). nhiét d§ khong khi, ap sut, hoat dong cua h¢ théng noi tiét...
9.1.3.2. Thwong séng hap (hay con goi la hé séng hap) RO

Hé s6 ho hip (RQ) 1a hé s6 giita than khi (CO2) thé ra va o2 thu Vao Co thé
trong mot thoi gian qua duong hd hip

Thuong sb6 ho hép khac nhau phu thude vao chit hitu co dugc dem oxy hod va
cudng do oxy hoa cua chét Ay.

Dbi vai glucid RQ = 1 vi ta thay:

C:H,,0, + 6 O, - 6CO, + 6H,0
6CO
Vay: RQ= =1
ay Q 60,
- bai véi lipid:
Vi du: M@ trioleic: Cy;H,,,04 + 800, = 57CO, + 52H,0.
RQ = 57CO, =071
800,

- Péi véi protein: RQ = 0,8.

9.1.4. Sw chuyén hod trung gian ciia vt chit va cic phwong phdp nghién ciru
sw chuyén hod trung gian

9.1.4.1. Muc dich ciia si nghién ciru chuyén hod trung gian

Nhiém vu ciia cic can bd chan nubi thi y 12 nudi dudng dan gia stuc dé tao nhiéu
san phém cho xa hoi, phat hién sém dugc bénh tat va phong tri.

Mubn lam tét duge nhiém vu trén cac can bd chian nudi tha y phai nim viing
duoc cac phan tmg hoa hoc xay ra trong co thé. Néu co thé bi rdi loan mot giai doan
nao d6 cua qua trinh chuyén hoa trung gian vat chat, n6 s& 1a nguyén nhan ctia mot cin



bénh. Vi du: Insulin can cho giai doan dau cta chuyén hod glucose, tuyén tuy hong
insuhn bai tiét kém s& gay ra bénh dai duong va kém theo mét sb triéu chimg sinh hoa
cu thé. Cang nam duogc chuyén hoa trung gian, kha ning can bd chin nudi thu y (nhat
1a tha y) cang dugc ning cao cong tic phong tri va pha ché thude c6 hiéu qua cao hon.

9.1.4.2. Cac phwong phap nghién ctru

Co thé séng cua sinh vat, dic biét 1a co thé con nguoi va cac dong vat quy hiém
khong phai 1a noi dé ta c6 thé thuc hién cac thi nghi¢m md xé mot cach thdé bao. Cho
nén viéc nghién ctru sy chuyén hoa trung gian cua vat chat ¢ co thé sdng 1a rat kho
khan. Hién nay nguoi ta thudng ding 3 phuong phap dé nghién ciru chuyén hod trung
gian ciia vét chat.

* Phurong phdp ldt cdt va chiét xudt

Mudn biét hoat dong trao ddi chét ctia mot loai mo bao hodc mot co quan nao doé
nguoi ta ding nhing 14t cat moéng mé twoi nudi trong nhitng diéu kién thich hop hoic
dung han ca co quan d6 phan lap khoi co thé ngadm vao nudc sinh 1y.

Vi du: Cit gan nudi cdy trong dung dich dic biét theo ddi sy téng hop uré, téng
hop enzym va chiét xuat enzym da duoc tong hop roi theo ddi su hoat dong cua né.

* Phwong phdp nghién citu san pham cudi ciing

Trong qua trinh trao dbi vat chat déu tao ra san phim dic trung va cubi cung
duoc bai tiét ra ngoai. Vi vay dinh lugng, dinh tinh cic san pham cudi cing trong nudc
tiéu, mod héi, hoi thd, phan... giup ta hiéu duoc cac qua trinh chuyén hoa vat chét trong
co thé.

* Phwong phdp diing cdc dong vi phéng xa (Phuong phap nguyén tir danh dau)

Chét dong vi phong xa 1 chat cung proton va dién tir, nhung ngudn khac nhau.
Nhiéu chat dong vi di dugc dung rong rii trong linh vyc sinh hoa hoc va di dem lai
nhitng thanh tyu ruc r& nhu: Deuterium (D), Nito ning (N"), carbon ning (C"),
Phospho (P*?), Luu huynh (S*°), m& (I'*"), sét (Fe™)...

Uu diém cua phuong phap nguyén tir danh dau chinh 13 & chd né cho phép ta
hiéu cac qua trinh hoa hoc cua co thé dong vat ma khong can giy nhiing rdi loan sinh
1y cho chung.

9.2.SU HO HAP MO BAO (Qua trinh oxy hoa hoan nguyén sinh hoc)

9.2.1. Khdi niém chung

9.2.1.1. Dinh nghia vé s oxy hod hoan nguyén sinh hoc

Qua trinh chay, tirc 1a oxy hod dugc nguoi ta chu y tir [au. Chinh nhd qua trinh
nay ma tir cac vat pham hitu co ning luong tiém tang duoc giai phong ra dé dung vao
cac nhu ciu sdng cta co thé sinh vat.



Trudce thé ky XVIH, ngudi ta cho rang nhitng chat chay dugc déu co chira mot
chat tuong tugng "Flogiston". Nhung dén nim 1756 Lomoéndxdp cin ci vao hién
tuong ting trong luong kim loai sau khi dét, da néu ¥ kién cho ring c6 mot chat nao d6
ctia khong khi lién két voi vat bi chay. Chat du doan nay chinh 1a oxy duoc Lavoazié
tim ra ndm 1774. ong khang dinh rang "sw chdy la qud trinh lién két cia nhién lidu voi
oxy khong khi'.

Qua trinh oxy hoa hoan nguyén sinh hoc 1a mét qua trinh bao quat cta thé gidi vo
co va hitu co. Ban chit ctia qua trinh nay theo quan diém hién dai 13 qua trinh trao doi
dién tir gitta cac chat tham gia phan Gng. Chat cho dién tir goi 1 chat bi oxy hoa hay
chat khtr con chat nhan dién tir goi 14 chat oxy hoa hay chét dugc hoan nguyén.

Vay theo quan diém hién dai qua trinh oxy hoa hoan nguyén sinh hoc bao gém
cac y sau:

- Qua trinh oxy hoa hoan nguyén 1a su trao d6i dién tir giita cic chat. Chat cho
dién tir 13 chét bi oxy hoa hay chat khir oxy, chat nhan dién tir 1a chat oxy hoa hay chat
dugc hoan nguyén.

Oxy hoé va hoan nguyén 1a hai qua trinh tién hanh song song dong thoi, nén néu
¢ chat bi oxy hoa phai ¢ chit duoc hoan nguyén va phan tng phai goi 1a oxy hoa
hoan nguyén méi du nghia.

9.2.1.2. S khdc nhau gitta sw chdy va hé hdp mé bdo

Khi nghién ctru sy chay cua cac chét hiru 'co dén dang CO, va H,O Lavoazie da
néu 1én duoc diém gidng nhau cia sy chdy va sy hé hip mé bao & dong vat. Ca hai
qua trinh déu thu O, va thai CO,, H,O. Nguoi ta quan ni¢m thirc an 1a nhién li€u cua
co thé va phdi 1a "10 dét cac nhién licu do.

Nhung giita sy chay va sy hd hap mé bao c6 nhitng diém khac nhau:

* Sw chay ngoai mo bao

- Két hop truc tiép v6i O, khong khi.

- Nang lugng kich dong cao (hoa hoc).

- C6 ngon ltra va toa nhiét nhiéu cing mét lic.

* Sw chdy bén trong té bao.

Két hop gian tiép voi O, khong khi.

Céc phan Umg x4ay ra tur tu c6 su tham gia cua phan tor enzym nén nang lugng
kich dong thap.

- Phan mg xay ra trong diéu kién nhiét 6 hau nhu khong thay ddi (than nhiét
37°C), & méi trudng nudc, ap suit 0,7 - 0,8AT, khong cé ngon lira. Nang luong giai
phong triét dé dugc tich luy vao ATP dé sir dung dan dan.



Khi nghién ctru nguén gbc ciia CO, va H,O trong co thé dong vat (mau dong
mach va tinh mach), ngudi ta thdy noi phat sinh chu yéu ciia chung 1a cac mé bao, chi
khong phai phoi nhu ban du tuéng 1am. Chinh mé bao 13 noi tiéu thu chu yéu oxy va
san sinh nudc, than khi. Vi vay trong sinh hod hoc Xuat hién khai niém vé su ho hép
md bao, tic 12 khai niém vé trao ddi khi, vé oxy hoa vat chat hitu co & mé bao.

Qua trinh nay c6 tam quan trong rat 1on vi thong qua no co thé sinh vat méi thu
duoc ning luong can thiét cho hoat dong sdng.

9.2.1.3. Cdc thuyét vé oxy hod hodn nguyén

* Thuyét Peroxyd ciia Ba-kho

Niam 1897 nha bac hoc Ba-kho (Nha sinh hoc Nga) da dé ra thuyét Peroxyd hodc
thuyét hoat hoa oxy.

Theo thuyét nay thi phan tir oxy (O-O) ngoai tr nhién ¢ dang tro kém hoat dong.

Nhung khi vao co thé sinh vat oxy d6 s& gip nhimg chat dé oxy hoa tao thanh
nhiing peroxyd hitu co.

Theo Ba-kho goi 1a chit d& oxy hoa 14 nhimg "Oxygenase" va ky hiéu 1a A. Phan
ung tao peroxyd nhu sau:

0
A+0=0- AL ]
0

Hoa trj clia oxy dd duoc "mé" nén né chuyén sang trang thai hoat dong. ~ Sau do
trong co thé dong vt lai co loai peroxydase dic trung c thé chuyén ox~ hoat hod cho
co chit (s)

0O eroxydase
A< | +8 e e A+sS oxy-hod
O

Thuyét peroxyd cua Ba-kho vé sau duoc bd sung thém. Nhung trong co thé dong
vét pham vi ing dung ctia nd con rat hep.

* Thuyét chuyén hydro ciia Paladin.

Nam 1908 Paladin di rat ra két luan: Vai tro chu yéu trong qué trinh oxy hoa
hoan nguyén sinh hoc thudc hydro va sy ho hp c6 thé tién hanh trong méi trudng
thiéu oxy.

Paladin tim thdy trong t& bao thyc vat nhig chit mau c6 kha ning ton tai & 2
trang thai: oxy hoa (c6 mau) va hoan nguyén (khéng mau).

Nhitng vat pham bi oxy hod s& nha hydro cho loai chit mau lam chung duoc
hoan nguyén va tr¢ thanh dang khong mau. Dang nay lai nha hydro thu dugc cho mot
chét nhan hydro khac (vi du cho oxy) va ban than né lai tré vé trang thai oxy hod co
mau. Nhu vay trong qua trinh oxy ho4 sinh hoc, oxy khong tac dung truc tiép véi co



chat (nhu glucid, lipid, protein).

Trong mo bao thuc vat nguoi ta thiy c6 nhom qui non (c6 mau) va hydroquinon

(khong mau).
(0} OH
S/ H + >S5S+
\
H
OH OH
Quinon (c6 mau) Hydroquinon (kh6ng mau)

OH o
Q + 120, Q +H0
OH o

sau nay Vilan d3 phat trién quan diém cua Paladin.

Vilan d3 ching minh rang oxy hoa rugu thanh aldehyd va sau thanh acid c¢6 thé
xay ra trong diéu kién khong c6 oxy va qua trinh oxy ho4 tién hanh bang con duong
khtr (tach) hydro.

9.2.2. Co ché ciia qud trinh oxy hod hoan nguyén sinh hoc
9.2.2.1. Céc yéu té tham gia sir hé hdp mé bao

* Co chdt: cac chat hiru co nhu: glucid, lipid, protein...

* Cdc logi enzym: C6 2 loai enzym tham gia van chuyén hydro 1
- Dehydrogenase yém khi (c6 nhom ghép NAD va NAD.P).

- Dehydrogenase hiéu khi (nhém ghép FAD va FMN).

Cac enzym tham gia van chuyén dién tor nhu: hé thong cytocrom goém céc
Cytorom a, b, c... va Cytocromoxydase (Cyt.a3)

Nhén hém cua Cytocrom chira Fe3+ nén ¢ kha ning thay ddi hod tri: Fe** + le”
2+
—Fe™.

Ngoai ra con c¢6 mot sd enzym phu khiac bd tro nhu: Catalase, peroxydase,
Oxydase... hodc polyquinon (6 vi sinh vat, nAm men).

9.2.2.2. Chudi hé hdp mé bdo va cdc giai doan ciia qud trinh hé hdp mé bao

H+

H
2 2H
2 N
S/—ze& NAD-NADH, —» FAD-FAD H, —» Cytb— Cytc > Cyta—> C&t.a,,—)% 02——> 0,—»H0
N N7 N7
H 2e 2 T
H+




* Cdc giai doan binh thwong ciia chudi hé hdp mé bao:

- Giai doan 1 : Enzym dchydrogenase yém khi 14y H2 tu co chat, NAD chuyén
thanh dang NAD.H2

- Giai doan 2: Hydro duogc chuyén tt NAD.H, sang FAD cua enzym
dehydrogenase hiéu khi (men vang) FAD nhan dugc H2 chuyén thanh FAD.H, (hoic
FMN.H; nhung it hon).

Giai doan 3: Dién tir chuyén tir FAD dén hé thdng cytocrom. Hydro duoc chuyén
thanh dang proton H' giai phong ra ngoai dién tir. Pién tir di trong hé thong cytocrom
¢6 3 loai: cytocrom b, c va a.

Ta thiy rang trong qua trinh hd hip md bao cb sy van chuyén hydro va dién tir
lan luot ting ching the.o thtr ty nhét dinh d6 1a do thir bic thé ning oxy hoa khir, nd
thé hién ¢ ai luc ctia hé théng ddi véi dién ti.

Thé nang cang cao, ai lyc cang manh. DPi¢n tur s€ duogc chuyén tr hé théng co thé

nang oxy hoa khir thip dén hé thong c6 thé nang oxy hoa khir cao.

Trong co thé hydro c6 thé ning oxy hoa khir thap con oxy co thé ning oxy hoa
khtr cao hon. Cho nén dién tir chuyén tir hydro dén oxy.

Thé ning oxy hoa khir ciia mot s6 hé théng nhu sau:
- Bién cuc oxy: 0,8 1 von.
- Cytocrom b: 0,04 von
- Cytocrom c: 0,26 von.
- Cytocrom a: 0,29 von.
Trong qua trinh van chuyén ndy ning luong duoc giai phong.

- Giai doan 4: Pién tir chuyén tir cytocrom sang cytocromoxydase (Cyt.as).
Cytocromoxydase thu dién tir dé hoat hoa oxy (gdy dién tich 4m cho chét nay).

- Giai doan 5 : Oxy duoc hoat hoa (02') s& lién két vai 2 proton H' tao thanh
nudc .

* Cdc giai doan khéng binh thuong trong qud trinh hé hdp mé bao.

- Trong mot s6 trudng hop, hydro tir co chat duoc tach bdi enzym dehydogenase
hiéu khi chtr khéng do enzym dehydrogenase yém khi tac dong.

Vi du nhu qué trinh oxy hoa acid sucxtnc trong chu trinh Krebs hodc mot s6 acid
béo khong bao hoa nhu acid linoleic, acid linoleimc, acid arachidonic...
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FOOH COCH
|

CH
I Sucxinic-hydrogenase i

9{2 >
|

FAD FAD
COCH e COOH

Acid sucxinic Acid fumaric
- Ngoai ra mot s6 men vang (nhu xantinoxydase) sau khi nhan H, tw NAD lai
chuyén thang cho oxy chit khong qua hé thdng cytocrom dé tao thanh H,0,.

H,0; lai 6utrc pha huy bédi catalase nén khong gay tac hai cho mé bao.
2H,0, —S¥AC 5 9H,0+0,

Qua4 trinh oxy hoa khir xdy ra & mang ty lap thé nham muc dich khai thac ning
lugng du trir trong cdp di¢n tir cao ndng dugc hinh thanh trong qua trinh quang hop.
Vai tro ctia oxy 1a dua cip dién tir nghéo ning lugng ra ngoai co thé dudi dang mot
phan tir nude .

9.3. QUA TRINH PHOSPHORYL HOA - DU TRU NANG LUQNG

9.3.1. Nguon ning lwong va sw bdo toan ning lwong

Khi oxy hod mdt phan tir gam dudng dén CO, va H,O ta thu duoc 688kcal.

C6H1206 +60z — 6COZ + 6H20 + 688kcal

Ngoai ty nhién s6 nang lwong d6 toa ra dong thoi mot lac nén lam ting nhiét do
moi truong.

Néu hién twong nay ciing xay ra & co thé thi mo bao sé& bi pha huy ngay. Nhung
trong co thé nho sy oxy - hoa theo timg bac ma van dé nay da duoc giai quyét.

Ning lugng gidi phong ra sé tich trir vao nhiing day cao ning lwong ciia hop chat

phospho.
Vi du:

A O

C C\
“H O-H,PO;

H-C-OH +HOH,PO, -H, H—(I'J-OH
l
CH,04P) CH,0{p)
Phosphoglycerylaldehyd Acid diphosphoglyceric

Phosphoglycerylaldehyd dugc oxy hoa véi su tham gia cua acid phosphonc va
nang lugng oxy hoa mdt phan duogc tich tu vao day cao ning carboxyl - phosphat. Sau
do ATP duogc tao nén theo phan ung.
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C C\
| ~ o) ‘ OH

H-C-OH +ADP — H-C-OH + ATP
| !

GL,0P) CH0P)

9.3.2. Pinh nghia vé sw phosphoryl - oxy hod

Qua trinh phosphoryl - hoa 13 qua trinh gan mot gc phosphat vao mot co chat
nao do.

Qua4 trinh nay 13 qua trinh dy trit nang luong vao gdc phospho, ning lugng do
dugc gidi phong ra tur tur.

Qua trinh phosphoryl-ho va qua trinh oxy-hoa tién hanh song song nén nguoi ta
goi la qua trinh phosphoryl - oxy hoa.

Qua trinh phosphoryl- hoa ¢ ¥ nghia rat 16n trong qué trinh hoat hod cac .chat
nhu lipid, glucid trude khi chat d6 di vao vong chuyén hoa.

Céac mach lién két phosphoryl trong co thé c6 2 loai:
* Lién két phosphat giau nang heong

Nang trong cua loai nay khi thuy phan giai phong ra 8 - 16 Kcal.

Vi du:

- Axyl-phosphat R-C-O ~(P) (qua COOH)
- Amin- phosphat R-NH ~® (qua NH,)

- Tiol- phosphat R-S~(P) (quaSH)

* Loai lién két nghéo nang lugng

Loai nay khi thuy phan chi cho 1 - 5 Kcal. Chung thuong 14 nhiing lién két kha
vitng bén va khé thuy phan hon nhiing loai giau ning lugng.

9.3.3. So' do Phosphoryl - oxy hod theo Leninger

Theo Leninger thi gitra ADP va h¢ thong oxy hoa c6 thé c6 nhiing vét chuyén
ning luong nao d6 chua nghién ctru ra. Nguoi ta ky hiéu cac chat van chuyén ning
luongdolaxyz

Theo Leninger thi c&t 1 cdp hydro di tir co chit qua qua trinh oxy hoa s& giai
phong ra sb ning luong du dé thanh 1ap 3 mach phosphoryl cao ning tich luy vao 3
phan tor ATP (khoang 51 - 52 Kcal).

Khi H, di qua NAD cho 3 ATP.

Khi H, di qua FAD cho 2 ATP.



Khi can ning luong ATP thuy phan dé giai phong nang luong di tich luy dugc
theo phan rng sau:

ATP —ATE3¢ , ADP 4 H,PO, + 7-12Kcal (trung binh 10Kcal)
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9.4. NGUON GOC CO, VA H,0 TRONG CO THE

9.4.1. Nguon géc CO,

Trude diy ngudi ta tuong rang CO, cla qué trinh ho hap sinh ra do carbon két
hop v&i oxy & phdi. Nhung ngay nay, ta biét ring qua trinh san sinh CO, 13 qua trinh
yém khi. Py 13 qua trinh khir carboxyl cia cac xetoacid va cac acid hitu co nhd su

xUc tac cia enzym decarboxylase dac hiéu:

R-COOH Decarboxylase

> CO, +R-H

Nang luong giai phong it 1am nong co thé ma co thé khong st dung dugc.

Co 2 loai enzym decarboxylase tham gia qué trinh nay:

* Loai nhém ghép 1a din xuit cua vitamin Bi (LTPP). Loai enzym nay tham gia

khtr carboxyl ¢ acid hitu co va cetoacid.

R-CO-COOH —22 5 0, + R-¢C g

* Loai nhom ghép 1a dan xut ctia vitamin Bg (Phosphopyridoxal).

Loai enzym nay khir carboxyl ctia c4c acid amin.

HC=N- CH
R- CH-COOH

H H,C -
N

C
Ho -7\ ano(p)

H,C - HC-
. N

Tuy CO, sinh ra do qua trinh yém khi, nhung gitra khbi luong O, thé vao va CO,
thai ra van co ty 1é tuong dwong: Khi c6 nhiéu O, co thé s& oxy hoa manh cic chat nén
sinh ra nhiéu cetoacid, ddng thoi sy khir carboxyl cia nhitng cetoacid nay s& san sinh
ra nhiéu CO, va nguoc lai.

9.4.2. Nguén géc H,0

Ngudn gbc cta nude trong co thé 1a do qua trinh oxy hoa cac chat. Qua trinh tao
H,O c6 thé tom tit nhu sau:

SH - 2H - 2H'
2e H,0

.__ 1 )
43 0,> ~0



Ta thay tr co chat duoc tach ra 2 hydro va 2 dién tir. Hai dién tir ndy dan truyén
dén oxy va hoat hoé oxy, dong thoi 2 proton H' se lién két v6i oxy hoat ho4 tao thanh
nuoc.



Chuong 10
QUA TRINH TRAO POI GLUCID
10.1 VAI TRO DINH DUONG CUA GLUCID

Glucid 1a tén goi chung cho nhiéu loai duong, tinh bot chit xo thuc vat - n6 1a
san pham cua qua trinh quang hop. Glucid déng vai trd quan trong trong doi song con
ngudi, gia suc va da s6 cac sinh vat khac.

10. 1. 1 Vai tro vé ning lwong

Hang ngdy nhu cau ning luong cho hoat dong ctia co thé 70 - 80% la do glucid
cung cép Dic biét ddi véi dong vat nhai lai ty 1¢ nay lai cao hon.

10.1.2. Vai tro tao hinh

Ngoai vai trd vé ning luong, glucid con dong vai trd tao hinh va tham gia thanh
phan mot sé chit quan trong.

Vi du:
Pentose (D-ribose va D-desoxyribose) c6 trong acid nucleic.

- Trong mo lién két c6 cac dan xuat duong chira quan cua glucoproteid nhu:
glucosamin, galactosamin...

Ngoai ra glucid con 14 ngudn thirc dn chu yéu ciia ngudi va dong vat.
10.2. SU TIEU HOA GLUCID

& mdi loai sinh vat khac nhau, ching st dung mot ngudn glucid khac nhau dé
khai thac nang luong.

Nhiing loai glucid thuong dugc st dung la: tinh bot, cellulose, pentose, lactose,
glucose, fructose...

10.2.1. Sy tiéu hod tinh bjt

Tinh bt 1a thire an chu yéu ciia nguodi va gia suc. CAu tao hoa hoc cua tinh bot 1a
gdm cac a-glucose ndi voi nhau qua mach glucosid 1 - 4 va 1- 6.

O dong vat c¢6 enzym o-amylase cit mach glucosid 1-4, 1-6.

O thuce vat ¢ enzym B-amylase thuy phan tinh bot.

10. 2.1.1. Sy tiéu hoad tinh bot o miéng

O miéng c6 3 d6i tuyén nudc bot: d6i tuyét dudi tai, doi tuyét dudi ham va doi
tuyén dudi ludi tiét ra nudc bot Trong nude bot cd enzym amylase. Enzym nay do c6
do pH thich hop 6,8 - 7,2 lai dugc ion a- hoat hod nén n6 hoat dong thuy phan cat dut
nhiéu mach glucosid va v& thanh nhitng "tang" dextrin c6 trong lugng phén tir thap
dan, cudi ciing thanh duong maltose.



Tinh bot —A™%€ , Dextrin
Amilodextrin
- Fructodextrin
. Maltodextrin

Maltose —-—M—) Glucose

Chinh vi vdy ma ta c6 cam gidc ngot khi nhai com lau trong miéng la do maltose
va glucose noi trén gay ra.

Nhung vi thoi gian tinh bot lwu lai ¢ miéng rat ngan nén tinh bot thuy phéan
khong triét dé

10.2.1.2. Sy tiéu hoa tinh bot o da day

Vi & da day c6 6 pH = 1,5 - 2,0 nén enzym amylase bi trc ché khong hoat dong
dugc Do do su ti€éu hoa tinh bot bi ngung lai.

Tuy nhién, do khoi lugng thirc an tr miéng dua xuéng 16n, acid dich vi chua du
thoi gian ngdm déu nén amylase ciia 16p bén trong van tiép tuc thuy phan tinh bot
thém mot giai doan nira.

10 2./.3. Su tiéu hoa tinh bot o rudt non

& rudt non do pH 1a 8,0 - 8,2 do Ha bi trung hoa véi bicarbonat (NaHCO3) tur
dich tuy dua toi

Su ti€u hoa tinh bot va mdt s6 duong kép chu y€u dién ra ¢ rudt non do céc loai
enzym xuc tdc nhu: amylase, maltase tuyén tuy, amylase, maltase, lactase, sacarase
cua vach ta trang.

Maltose M—E—) 2 Glucose

Lactose ﬂmﬁe—-) Glucose + Galactose

Sacarose —Saw@e—) Glucose + Fructose
O rudt non, tinh bot duoc phan giai tri¢t dé thanh duong don glucose. Nhiing
dudng don nay sinh ra s& duoc hip thu truc tiép qua vach rudt.

10.2.2. Sw tiéu hod cellulose (chit xo)

Cac dong vat bac cao nhu ngudi va gia sic khong thé tong hop dugc enzym
cellulase nén tir chiing khong thé tiéu hoa duoc cellulose.

Nhung ¢ da cé cua dong vat nhai lai (trau, bo, dé, ctru) va & manh trang né rong
Oan) c6 cac loai vi sinh vat séng cong sinh. Do ¢6 d6 pH thich hop (5,5 - 6,5), nhiét 6
trung binh 390c Va nho h¢ théng dém ma céc loai vi sinh vat nay phat trién rat manh.
Chung tiét ra loai enzym cellulase nén giup cho trau, bo, dé, ctru, lon c6 kha nang tiéu
hoa duoc cenulose.



Nguoi ta da chia h¢ vi sinh vat nay ra lam 3 loai:
- Cac vi khuan.
- Nam.
- Thao phuc trung.

10.2.2.1. Cdc vi khudn

S6 lugng cac loai vi khuan nay chiém 10" con/g thirc dn & da co, gdm nhiéu
giong va chung déu c6 kha nang 1én men. May giong dang chu y la:

- Lién cau khuén: Streptococcus bovis (10° - 10° con/ml) 1én men tinh bot va
glucose thanh acid lactic.

- Truc khuan lactic: Lactobacths (khoang 10° con/ml) 1én men glucid cho acid
lactic? Nhom vi khuin 1én men chit xo gdm nhiéu loai nhu: Bacteroides,
Sucxinogenes va giit vai tro quan trong nhat d6i véi dong vat nhai lai. Chiing phén giai
cellulose thanh acid béo bay hoi nhu butyric, sucxunc, acetic, propionic, fonnic.

Ngoai ra con ¢6 céc loai vi khuan 1én men protein Baciuus hchenifomus.

10.2.2.2. Nam

Nam c6 kha ning phan giai cac chat bot duong thanh ruou C,HsOH, khi CO,,
acid yéu va CH,.

N6 con cé kha niang phan gidi protein thanh cac acid amin. Tir san pham phan
giai d6 tong hop nén cac chit cho ban than con nim nhu protein, glycogen.

Su hoat dong cua vi khuan, nam c6 tinh chat cong sinh, nd lién quan véi nhau,
cung nhau sinh trudng.

10.2.2.3. Thao phuc trang

Thao phuc tring chu yéu 13 thue hién qué trinh tiéu hod co gidi, nd xé rach mang
cellulose dé cho nam, vi khuan hoat dong.

Tom lai, vai trd cuia nguyén sinh dong vat 1a thé hién ¢ kha nang phan giai
cellulose va cac chat duong bot khac thanh dang da dudng du trit loai aminopectin
hozc thanh cac acid hitu co. Cac chét nay ddi véi dong vat 1a ngudn thire an quy.

Khi vi sinh vat chét di, co thé chung lai cung cép cho dong vat nhai lai nguén
acid amin va vitamin rit phong pht. Chinh vi vy ma trau bo it mic cic bénh thiéu
vitamin hodc thiéu acid amin khéng thay thé duoc.

Nho su hoat dong cua hé vi sinh vat, nho cac loai enzym cua ching nhu
cenulase, cellubiase ma chit xo bi phan hoa dén dang céac acid hiru co c6 ich cho dong

vat. San phadm gém nhiéu acid hitu co thudng duoc goi 1a acid béo bay hoi.

Nhitng acid hitu co ké trén tham thau truc tiép vao vach da c6. D6 13 mot trong



nhimng yéu t6 duy tir d6 pH & day. Yéu t6 thir hai 1 bicarbonat nudc bot (lwgng nudc
bot hang ngay & trau bo 1a 50 - 80 lit, dé, ctru 1a 6 - 8 lit).

Khi tham thau vao vach da cé, mot phan acid hitu co nhu acid butyric, sucxinic
duoc str dung tai day. Con phan 16n acid acetic, acid propionic vao méau dua dén gan
tao nén glycogen hodc oxy hod cho nang lugng. Vi vdy ma ham lugng duong trong
mau ctia loai nhai lai thuong thap hon so véi cac loai dong vat khac (trung binh 50 - 70
ma). Qua trinh phan giai cellulose va tinh bot do vi sinh vat da co dugc thé hién nhu
sau:

Cellulose
Tinh bot

v

Glucose

/

Saccarose I Pentoxan I
\L \'4

Fructose >
‘;H

Fructoxan

Pentose

A
A

. \4
—@e———l Acid pyruvic i__
\4
Acetyl-CoA Acid oxaloacetic Acid lactic
vV vV \l' ‘l/
CO; | Sucxiny}CoA AcrytytCoA

N
LN hvd

Butyryl-CoA Acetylphosphat Propionyl-CoA
M v v v v
Acid formic || Metan || Acid butyric | | Acid acetic Acid propionic

10 3. SU HAP THU VA TiCH LUY PUONG
10.3.1. Sw hép thu dwong

Khi dén rudt non, glucid phirc tap déu bi phan giai thanh cac dudng don.



Céac duong don sinh ra s& hap thu ngay vao vach rudt. Trir mot vai truong hop
dic biét, néi chung duong kép va da dudng khong hap thu qua véach rudt. Khi an qua
nhiéu dudng mia (sacarose) hoic dudng sita (lactose), loai nay c6 di qua vach rudt vao
mau nhung s& bi thai theo nudc tiéu ra ngoai.

Tbc @6 hap thu ciia dudng khong déu nhau, né phu thudc vao nhiéu yéu t nhu:
trang thai vach rudt, khéi lugng thirc an, nhiét do co thé, qua trinh phosphoryl hoa...

Néu lay téc do hap thu ciia glucose 1a: 100%

Thi: tdc do hap thu cta galactose la:  110%

tdc do hap thu cua fructose 1a: 43%
tdc d6 hap thu ciia maltose 1a: 19%
tdc d6 hap thu cia xytose la: 15%

tdc @6 hap thu cua arabinose la: 9%

Vé co ché cua sy hap thu dudng ngudi ta van chua rd 1am, song ciing ¢ thé do 2
truong hop:

- Cac loai dudng khuéch tan qua vach rudt.
- Céc loai duong dugc phosphoryl hoa.

R4 rang qua trinh tham thdu vao vach rudt phai vuot qua mot ap luc tham thau
kha 16n cac nhung mao rudt phai san cong, boi vay ban than té bao rudt can oxy hoa
glucid dé cung cap ning lugng cho qua trinh do.

Sau khi hap thu vao rudt, glucose qua mach quan nhung mao rudt, theo mau vao
tinh mach ctra dé vé gan. & gan, phan 16n glucose dugc giit lai dé tong hop glycogen &
gan, con phan nho glucose duoc dua vé cac mod bao dé téng hop glycogen md bao
hoic oxy hoa cung cap ning luong.

Glucose 1a thanh phan thudng tryc clia mau & cac loai dong vat, tuy rang ham
luong dudng trong méau cua timg loai dong vat c6 nhiéu thay d6i. Vi du: & éch nhai, ca
va loai dong vat mau lanh ham lugng dudng ctia mau trung binh 1a 40 - 60 md%, loai
dong vat mau néng nhu gia suc 1 80 - 120 mo%, loai chim c6 than nhiét cao, trao doi
chat manh thi ham lugng duong clia méu ciing cao hon céc loai khac. Riéng loai nhai
lai vi san pham glucid hap thu phan 16n dudi dang acid béo bay hoi (nhu acid acetic,
propionic, butyric...) nén ham luong duong thap hon trung binh 50 - 70 mg%.

10.3.2. Tich 1uy dwong sw t(‘;ng hop glycogen dw trir

Glucose sau khi duoc hap thu qua vach rudt s& duwa dén gan va mo bao du trit
dudi dang glycogen. Glucose dugc chuyén thanh dang glycogen do tic dung xuc tic
ctia nhiéu enzym va nhiéu yéu t6 khac nhu: ATP, UTP, Phosphat...

Qua trinh tong hop glycogen nhu sau:



* Glucose dugc phosphoryl hod bdi ATP va enzym glucokinase:

H OH H OH
\ / \ /
C ‘ C
] |
H-C - OH H-C—- OH
I @) I
HO-C - H Glucokinase HO -C—-H O
I +ATP — )
H-C - OH ‘ H - Cﬂ
] |
HoCc—" H-C
] |
CH,0H c,0(®)
Glucose Glucose-6-phosphat

* Phdn ung déng phdn hod bién glucose-6-phosphat thanh glucose -1-phosphat nho
nzym phosphoglucomutase H

H OH H o(P)
N/ N/
C — C
H-c': - OH H—CI — OH
HO—(II - H © Phosphoglucomutase HO ._(I: —H O
AH—CII—OH g H—(IZ — OH
(]ZH20 ®) c|:r120H
Glucose-6-phosphat Glucose-l-phosphat

* Do tac dong cua enzym transglucosidase va UTP (Uridintrtphosphat) ma tir
glucose 1- phosphat tao ra dwong mach thang 1-4: amylose.

+ Trudc hét glucose- 1 -phosphat lién két voi UTP tao thanh UDP-glucose va
H4P,0,



OH

|
H \ /O-® Uridin—o—f" =0 /OH
C O "—P = O
] H N O
H—CI - OH 5 Ne L
-C - Glucokinase '

HO-¢ -~ H + ATP oo0HInEse H-C - OH
H—CI—OH HO—CIZ-H o]
H-C H-C - OH

|
Glucose-1-phosphat CH,0H
UDP-Glucose

+ Tir UDP- glucose, cic phén tit glucose tich ra va hop lai v6i nhau thanh chudi

imylose chita day glucosid 1- 4.
G G
| I
C C
| O I 0]
C

(I:I (fl
NN

N NG N
]

O

C|:4 (|:4 Cc4
I
C C Cc . C
] | I |
C C C C
Con UDP tich ra s& 14y phosphat ctia ATP bi€n thanh UTP.

UDP > UTP
ATF~ ADP
Nhu vay, giai doan 1 va 3 déu phai tiéu ton ning lugng. Nang luong nay do ATP
cung cap.
* Duéi tic dung cia enzym Q hodc UQ (Ubiquinon) sé chuyén mét sé mach
glucosid 1-4 thanh mach glucosid 1-6 tao cho phan tu glycogen co dang phdn nhanh

ram rap hon .

Qua trinh tong hop glycogen c6 thé tom tit nhu sau:



Glucose
ATP
ADP
Glucose-6-(P)

Glucose-1-(P)
UDP- Glucose

UTP
N
ADPx\ Glucose
UDP \

ATP

Amylose (14)
QUQ

Glycogen (1-4 va 1-6)

10.3.3. Sw phan giai glycogen thanh glucose

Khi co thé can glucose thi glycogen s& phéan giai theo hai cach:

+ Thuy phan nho tac dung ctiia enzym amylase va maltase:
(CH,,0;), + %n H,0 > % nMaltose

Maltose + H,0 —MA%B% o 3 Glucose

+ Phan giai theo kiéu phosphoryl ho4 c6 su tham gia clia acid phosphoric.
Glycogen + nH,PO, — n Glucose-1(6) - phosphat

a Glucose-1 (6) - phosphat + H,O Phosphatase . 1, Glucose + nH,PO,

Giira trir lugng glycogen ctia gan va cac co quan hoat dong nhu bap thit, ndo... cd
mdi lién quan mat thiét. Khi glucose & cac mé tiéu ton cho cac hoat dong sinh 1y thi
glycogen gan s& tach dan glucose cho mau véan chuyén dén nhitng noi tiéu thy.

10.3.4. Sw diéu hoa ham lwong glucose trong mdu

Trong mau ham luong glucose luén luén & mdt ty 1& nhat dinh (tuy ting loai
dong vat) do su diéu tiét ciia hom lon, than kinh, v6 nio, thuy sau tuyén yén...

Khi ham lugng glucose trong méau gidm, adrenalin s€ xUc tadc glucagon tang
cudng bién glycogen thanh glucose dé 1am ting duong huyét (qua trinh phan giai
glycogen). Nguoc lai, khi ham lugng glucose trong mau tang nhiéu thi insulin lai tang
cuong xuc tac qua trinh bién glucose thanh glycogen dé ha dudong huyét (qué trinh
tong hop glycogen).



Co ché diéu hoa d6 c6 thé tém tat nhu sau:

g Insunlin
Glucose A —— Glycogen
Glucagon
(Trong mdu it thay ddi) (Du trit & gan, mo6 bao)

10.4. SU CHUYEN HOA TRUNG GIAN CUA GLUCID

Glucose dugc dung vao nhiéu qué trinh khac nhau nhu:

- Tao hinh: Glucoproteid, acid nucleic...

- Khir doc: Glucoronic két hop voi doc chat va duge thai ra ngoai dudi dang
glucoronat

- Cho ning luong: Vai trd quan trong nhat cua glucose 13 oxy hoa cho ning
lugng.

V& mit khai thac ning luong sdng ta thly mdi mot sinh vat khac nhau sé& khai
thac nang luong du trir trong glucid theo nhitng huéng khac nhau. Vi vay hiéu suat
nang lugng thu dugc trong qua trinh 4y ciing s& khac nhau.

Co loai sinh vat khai thac & moi truong yém khi, c6 loai lai khai thac & moi
truong hiéu khi. Song ciing c6 loai khai thac ning lugng & ca 2 loai méi trudng yém
khi va hiéu khi. Vi du nhu té bao men bia, bap thit dong vat...

Bén canh ddy ta con thdy ¢ nhiing sinh vat khic nhau, glucose ciing dugc phan
giai theo nhiéu cach khac nhau.

Vi du: - & té bao men ruou glucose phan giai thanh rugu va than khi.

C.H,,0 = 2C,H,OH + CO,
- Truc khu4n 1én men sifa chua thanh acid lactic.
CH,,0, - 2CH;-CHOH-COOH
- Vi khudn Ién men d4m, 1én men butyric, propionic... c6 ca 2 di€u kién:
+ Léen men yém khi: CH,,05 > 2CH,O; (acid lactic).
+ Lén men hiéu khi: CH,,0, - CO, + H,0+ Q.

Nhu vy co ché ciia cac qua trinh trén duoc nghién ctru tir 1au. Nhung mii t6i
1880 moi dugc Pas-to phat hién budc dau. Sau d6 dwgc Hacden, lang, Iva-np,
Maychof, Embden, Krebs va nhiéu tac gia khac nghién ctru. Cho t6i nay, vé cin ban
nhiing phan tng hoé hoc, nhitng enzym tham gia va nhitng hiéu qua nang luong cua
hai cach phén giai trén duoc phat hién tuong ddi day du.

Ta lan luot xét timg cach phan giai mot.

10.4.1. Sw phén gidi yém khi ciia glucose

Qua trinh phan gidi yém khi cua glucose xay ra ¢ vi sinh vat goi l1a qud trinh lén



men. Con qua trinh ndy xay ra @ mé bao dong vat goi la qud trinh duong phdan.

v€ cdn ban hai qua trinh nay déu gidng nhau, sy khiac nhau chu y€u chi bat dau tur
giai doan st dung acid pyruvic.

10. 4.1.1. Qua trinh lén men ruou

Qua trinh 1én men rugu duoc thuc hién & nhiéu vi sinh vat, dién hinh nhat 13 & té
bao ndm men rugu, men bia. Qua trinh nay dugc nhiéu tic gid nghién ctru va cudi
cung duogc tap hop thanh so do6 goi 1a so d6 Embden - Mayehof.

Theo so dO nay, qua trinh 1én men rugu nhu sau:

1/ Duoi tac dung cua glucokinase va ATP glucose dwoc phosphoryl hoa thanh
glucose-6-phosphat

H OH H OH
N/ N/
C C
H‘C:: — OH H—C:I — OH
HO-C-H O Glucokinase HO-C —H O
H-C - OH tATP H—(|2 — OH
H- (IZ H- C|—————-
CI?HzOH de@
Glucose Glucose-6-phosphat

2/ Enzym dong phan isomerase sé bién glucose-6-phosphat thanh fructose-6-phosphat

H OH HO CH,OH
\ c / \C /

H- (li - CH HO - (IZ - H

HO —<:3 -H o | oH _c: — OH
H—(l: — OH Izomerase H—(IZ——————
H-C—— CHZO®

c0(p)
Glucose-6-phosphat Fructose-6-phosphat

3/ Dudi tac dung cua enzym phosphofructokinase va ATP, fructose-6- sé duoc
phosphoryl hod thanhfructose- 1,6-diphosphat:



HO CH,0H HO cmo@
/

\ N/

C C

1 [ ‘

HO-C — H HO—C-H

t O ) ! O
H- C- OH Fructokinase H- C- OH ]

| |
H-C +ATP H_C

[
<IIH10@ c,0(p)
Fructose-6-phosphat Fructose-1,6-diphosphat

4/ Duéi tdc dung ciia enzym aldolase phdn tir chdt " ¢6 bi cdt ddi thanh 2
triose. iohosphodioxyaceton va phosphoglycerylaldehyd.

pro® oD

(|: =0 (l.‘HzOH
HO _C|: - H Phosphodioxyaceton
H-C - OH ,H
HoT - oH H g\\gH
I — —
|
0(e) &ro

Phosphoglycerylaldehyd

5/ Enzym dong phan isomerase lai xuc tac bién phosphodioxyaceton thanh
phosphoglycerylaldehyd, vi chat nay mai tiép tuc qud trinh phan giai

C‘ZHZO(P) (IIHO
C=0 Isomerase H-C - OH
! |

CH,O0H cnp@

Nhu vdy qua 5 phan ung trén tir 1 phan tir glucose da bién thanh 2 phan tu
phosphoglycerylaldchyd (tir phan tng 6 tro di c¢6 hé s6 2).

6/ Giai doan nay rdt phirc tap chiém vi tri trong yéu trong qud trinh phdn gidi
yém khi glucose. Phan img oxy hod sian pham trén dwoc xiic tdc boi enzym
dehydrogenase yém khi ¢6 nhém ghép la NAD va ¢6 sw tham gia ciia glutation (ky hiéu
G-SH)

Glutation (GSH) 12 mét tripeptid gdm 3 acid amin hop thanh 13 acid glutamic,
cystein va glycin.



?O—NH—C'H—CO-NH — CH, - COOH
(FHz)z (lsz Glycin

CHNH, SH
('ZOOH Cystein

Acid glutamic

Giai doan thir 6 ¢6 thé chia 1am 3 phan tmg ké tiép nhau: 6a/ Két hop vo G.SH.

H OH
H\ 40 N -
C C -8G
|
ZH—é—OH +GSH —» ZH-C—OH

[
!
c,0() H,0(p)
6b/ Mach ndi cta phan tir dugc b tri lai tao mach cao nang, cd sy tham gia cia NAD.
H OH O

N 7 7

(IZ—SG (|3~SG

2 H-C -OH +2NAD—» 2 H-C — OH +2NADH,
|

<|1H20@ ca,0(p)
6¢/ Day cao nang nay bién thanh day phosphat cao nang va glutation dugc giai phong.
e 1
2 H—(I:-—OH +ZH3PO4—>2H—(|3—OH + 2G.SH

I I
50D 50()
Acid 1,3-diphosphoglyceric
Nhu vay, dén giai doan thir 6 phan tir glucose di duoc bién thanh 2 phén tir acid 1,3-
diphosphoglyceric.

7/ Phan itng cat mach phosphat cao néing giai phéng va tich luy nang lwong vao ATP
do enzym phosphoferase xuc tac

C”PGD COOH

! I
2 H-C- OH +2ADP —ofweas o C— OH +92ATP

CIIH20® c':rgo@

Acid 1,3-diphosphoglyceric Acid 3- phosphoglyceric

8/ Dudi tac dung cua enzym dong phdn phosphoglyxeromutase acid 3-
phosphoglyceric bién thanh acid 2 - phosphoglyceric.



COOH COOH
o C — OH Phosphoglyxeromutase; , H — C _ O@
cmo@ CHZOH

Axit 3-phosphoglyceric Axit 2-phosphoglyceric
9/ Phdn 1ing khir nude do enzym enolase xiic tac va c¢é sw don manh tao mach
cao nang

COOH ' COOH
2 Enolase] 2 C~0
f— - O ~
i C -2H,0 i
CHZOH CH,

Acid 2 - phosphoenolpyruvic

10/ Enzym phosphoferase sé chuyén nhitng géc phosphat cao ndang lrong ciia
san pham trén vao ADP, phosphoryl hod ATP. Ddy la lan thir 2 gidi phdng va tich lup
nang lwong. Con acid trén bién thanh acid pyruvic.

COOH COCH
|

2AD |
2 C~0 + 2ADE 2 C-OH  +24TP

i
c1~120® CH,

Acid pyruvic (dang enol)

{

COOH
|
2C=0
I
CH,4

Acid pyruvic (dang ceton)

Acid puruvic 13 san pham trung gian bat budc ctia moi cach phan giai glucose &
nhiéu sinh vat. Sy khac nhau thudng bat dau tir cach sir dung acid pyruvic tro di.

11/ O té bao men rwou, acid pyruvic dwgc khir CO, nho enzym decarboxylase
thanh aldehydacetic va than khi

COCH 40

5 é -0 Decarboxylase 2 Cll\H + 2C0,
' CH,
CH,

Acid pyruvic Aldehyt acetic

12/ Aldehyt acetic sé hoan nguyén thanh ruou etylic



2 C g 2NAD OH
+ H,
i ~H Al 2 &g, tWNAD
CH,
Rugu etylic

Hydro can dung ¢ day dugc NAD.H2 tir giai doan thr 6 mang t6i. Piéu nay néu
1én mot 1an nira mdi lién quan chit ché gita oxy hoa va hoan nguyén.

Qua trinh 1én men rugu c6 thé tém tit nhu sau (so d6 Embden - Mayehof -
Pamac).

Glucose

— ATP —,

Glucose-6-phosphat

Fructoze-6-phosphat

—— ATP
Fructoze -1,6 -diphosphat
Photphodioxyaceton \> Photphoglycerylaldehyd

Acid 1,3 - diphotphoglyceric
oy

Acid 3 - photphoglyceric

Acid 2 - photphoglyceric

2ATP «— l.f
. Acid pyruvic
v 0,
Aldehyt acetic
¢ « NADH,

Ruou etylic
10.4.1. 2. Qua trinh dwong phdan ¢ mo bao dong vt

O mb bao dong vt ciing c6 kha ning oxy hoa glucose bang con dudng yém khi,
khi su cung cip oxy khong day du cho sy co bop cua co trong qua trinh van dong cay
kéo...

Vi du: Trau bo khi cay kéo, cing co mau din oxy bi trd ngai thi co thé tam thoi

dua bo may khai thac ning luong dé phan giai yém khi.

Qua trinh duong phan & mo bao dién ra & bao twong chinh & diy cé du hé thung



enzym dé thyc hién qua trinh nay.

Song qua trinh dudng phan va qua trinh 1én men ruou c6 mot sd diém khéac nhau
nhu:

* O phan g thir 1 ciia qud trinh 1én men rwou can ATP dé hoat hod glucose
thanh glucose - 6 - phosphat con qud trinh dwong phdn, san pham ndy dwoc hinh
thanh tw glycogen nén khong ton ATP.

H O@

N/
§
(GH,,05), + nH,PO, — H-C — OH
Glycogen n Ho—(l: -Hg O
H —C| — OH
H-C—
(IIHZOH

Glucose-1- phosphat

Sau d6 glucose-l-phosphat s& dugc enzym mutase bién thanh glucose- 6 -
phosphat.

* Tir phan iing thir 2 dén phan vmg thir 10 ciia qud trinh 1én men rwou hodn toan
giong véi qud trinh dwong phdn. Chi bat dau tir cach sie dung acid pyruvic méi khdc
nhau.

, COOH
GO NapH, 2NAD .

2 C=0 N~ . 2 CHOH
1 L
C['I3 C[-IJ

Acid lactic 12 san pham ctia qué trinh dudng phan. N6 1a mot chat doc. Néu acid
nay sinh ra nhiéu thi s& 1am cho co thé mét moi. Nhung khong phai doc 1a phai thai ra
ngoai, ma né duoc giir lai can thiét cho co thé.

S6 phan cia acid lactic s& duoc giai quyét theo vong Cori.

: Misu Gan

Glucose ¢——— Glucose ¢———— Glucose

t

Glycogen

t

Glucose

+

Acid lactic —— 5 Acid lactic ————— Acid lactic

Vong Cori la co ché ma md bao dong vat van dung dé thu hoi acid lactic - san



pham sinh ra trong qua trinh dudng phan nham tiét kién nhién liéu ning luong va giai
doc cho té bao, nhét 1a té bao co.

Y nghia cta vong Cori:

- Néi 1én cach giai quyét acid lactic.

- Giai doc cho té bao.

- Tiét kiém lugng acid lactic hinh thanh.

Nhu vay trong diéu kién yém khi (nghéo oxy) mo bao dong vat chi phan giai
glucose va glycogen dén dang acid lactic. Néu trang thai thiéu oxy kéo dai thi acid
lactic s& & dong nhiéu gy ra bién d6i hod Iy & mo bao va dan téi sy mét moi.

Khi nghi ngoi hodc hoat dong da trd lai nhip nhang, viéc cung cép oxy tré nén
déu va du thi acid lactic s& chuyén di bang 2 céach:

+ Tong hop trd lai thanh glucose va glycogen theo chiéu nguoc lai cia qué trinh
duong phan.

+ Acid lactic bj oxy hoa thanh acid pyruvic va nhap vao qué trinh oxy hoa hiéu
khi, giai phong triét dé ning luong va cho ra CO, va H,0.

10.4.1.3. Hiéu qud ndng lwong cia qud trinh phén giai yém khi glucose

Sy 1én men & cac vi sinh vét ciing nhu sy phan giai yém khi glucose 1 nhitng qué
trinh sinh 1y binh thuong.

Khi mot phan tir gam glucose bi ddt chay dén CO, va H,O thi s& giai phong
khoang 688kcal.

Nhung néu dem so sanh gié tri ning lugng gitta mot phén tir glucose va 2 phan tir
ruou etylic sinh ra do t& bao ndm men thi bién ddi ning luong tu do 1a -AF = 50 Kcal.
Song trén thuc té qua 12 phan tng trén thi chi 14p duoc 2ATP, twong dwong véi 20- 25
Kcal (vi 1 ATP phén giai ra chi cho 10-12 Kcal).

Nhu vay con 25 - 30 Kcal da toa ra ngoai lam néng moi truong, cho nén ¢ nhitng
noi G men sau mot thoi gian da 4m 1én.

Trong s6 7% nang lugng glucose giai phong ra ciia qua uuul yém khi, ban than té
bao ndm men chi dung dugc khoang 3%. Pé dul nang luong séng té bao nAm men phai
phan gidi mot lwong duong kha 16n.

Dbi v6i qué trinh duong phan do khong can tiéu tén ning luong & phan tng 1
nén hiéu qua cudi cung thu dugc 1a 3ATP, twong duong véi 30-36 Kcal.

10.4.1.4. Y nghia ciia sw phén gidi yém khi

- Nang luong giai phong ra trong qua trinh dudng phén rat thap (3ATP) nhung ¥
nghia ctia n6 lai 16n, vi ddy 1a cach khai thac ning luong dé ton tai va duy tri cac hoat
dong binh thudng cua nhiéu loai vi sinh vat, trong d6 phai ké dén loai vi sinh vét 1én



men.

San pham cin ba cia ching nhu acid lactic lai 1a nhitng chit can dung cho con
ngudi vé mit thue pham, thie dn  chua cho gia stc va nhu ciu cong nghé khac. Qua
trinh duong phan 14 qué trinh tiét kiém glucose 16m vi co thé c6 kha ning tu tai tao acid
lactic thanh glucose va glycogen.

10.4.2. Sw phén gidi hiéu khi glucose

O nhimng md bao cé hoat dong sinh 1y manh nhu? bip thit, véng mac, tinh
tring...can nhiéu ning luong va lai dugc cung cip day du oxy thi glucose s& phan giai
theo con dudng hiéu khi.

Glucose trong qué trinh nay dugc oxy hoa triét dé d~r~ CO2 va H2o, d@)ng thoi
gidi phong toan bg nang lugng.

Thi€u oxy » Acid lactic

JD& 0o,

Glucose

Acid pyruvic <
i-coz
Acetyl-CoA (CH,;-CO~SCoA)

l + Acid oxaloacetic

Chu
trinh CO, +H,0+Q
Krebs

Chu trinh Krebs 13 co ché oxy hoa cac chét hitu co hinh thanh tir thirc dn phd
bién nhit va c6 dong gop vé ning luong nhidu nhit cho cac té bao dong vat.

Chu trinh Krebs 13 10 dbt co ban céc acid hitu co, tir d6 dua ra sb lugng nhiéu
nhat cc cip cao ning dé cung cip cho chudi ho hap mo bao. Cho nén xét vé mit ning
lugng chu trinh Krebs dong vai tro chu dao.

Chinh chu trinh Krebs lién quan chit ché v6i chudi ho hp nén xét vé mit phan
b ctia no ciing hop 1y - d6 13 chit nén ty lap thé.

Ngoai ra chu trinh Krebs con gitr vai tro trung tdm cua nhiéu qua trinh trao doi
vat chat.

10.4.2.1. Sw hinh thanh cdc san pham di vao chu trinh Krebs
* Sw hinh thanh acid acetic hoat dong hay Acetyl - coenzym A (CH3-CO~SCoA)

ACetyl-CoA dugc hinh thanh tir acid pyruvic khi acid nay khir di mot phéan tir
CO, nho enzym decarboxylase.



Ma nhu ching ta dugc biét acid pyruvic lai xuat hién sau khi oxy hoa acid lactic
ctia qua trinh yém khi

COOH COOH

?HOH + NAD - (!r‘ =0 + NADMH,
CH, CH,

Acid lactic Acid pyruvic

Acid pyruvic s& di vao cac phan Gng hiéu khi, con NAD.H, cua enzym lactat -
dchydrogenase s& chuyén dién tir proton vao hé théng phosphoryl-hod dé giai phong
nang luong va tong hop ATP.

Acid pyruvic khur di mgt phan tir CO, nho enzym decarboxylase c6 nhom ghép 1a
dan xuét ctia vitamin Bi (LTTP) dé tao thanh Acetyl-CoA v&i su tham gia cia COASH
va NAD.

Phan ng xdy ra nhu sau:

COOH
| s CH,-CO~S
C=0 + | DLTIP- > LIPP +CO,
| s HS
CH,
CH,-CO~S sH

) LTPP+ CoASH —CH,-CO-SCoA + LTPP
HS sH

SH Dehydrogenase S
LTPP +NAD —— LPP | -NADH,
SH s

NAD.H, s& chuyén hydro vao hé théng phosphoryl-oxy hoa tao ra 3 phan tu
ATP.

* Sw hinh thanh acid oxaloacetic:

Acid oxaloacetic 13 san pham thir 2 di vao chu trinh Krebs. Acid nay sinh ra
trong md bao tir 2 ngudn gdc:

Tu acid aspartic khir quan oxy hoa.

Tur acid pyruvic dugc ghép 1 phan tu CO..

COOH (IZOOH (I:OOH
I
CHNH, -NH, C=0 +CO, C=0
—2 T
&, o, & ,
bOOH COOH
Acid aspartic Acid oxaloacetic Acid pyruvic

Khi d3 c6 hai chat trén (Acetyl-CoA va acid oxaloacetic) chu trinh Krebs s& dién



ra 1an lugt theo céc phan tng nhu sau:

10. 4.2.2. Chu trinh Krebs (vong acid tricarbonic)

1/ Phan ung ngung tu Acetyl-CoA voi acid oxaloacetic dudi tac dung cua enzym

16n2 hao cvtratsvntetase dé tao thanh acid chirc:

COOH COOH

l +H,0 | CoASH
C=0 +CH,-CO-SCoA —— (CH, +

(I','Hz Acetyl-CoA HO—? - COOH

}

COOH $H2

COOCH

Acid oxaloacetic Acid citric

2/ Phan vng khvr nudc dudoi tac dung cua enzym cis-aconitase chuyén acid chirc
thanh acid cis-aconitic:

COOH COOH
. %
HO - (|: - COOH Cis-aconitase % - COOH
CH, L0 CH
('JOOH (l:OOH
Acid citric Acid cis-aconitic
3/ Phan ung ghép nuoc tao thanh acid isocitric
?OOH ICOOH
CH, CH,
i +H,0 |
(I'f - COCH —_— C|:H - COOH
CH CHOH
(|:OOH CI:OOH

Acid cis-aconitic

4/ San pham

Acid isocitric

trén bi oxy hod béi enzym dehydrogenase yém khi dé tao actd

oxalosucxinic. NAD ldy H, sé chuyén vao hé thong phosphoryl-oxy hod dé khai thaic

nang luong.



COOH COOH
i i
CHZ CI'I2
i Dehydrogenase yém khi |
CH - COCH » CH- COOH + NADH,
I +NAD I
CHOH C=0
| |
COOH COOH

Acid isocitric

Acid oxalosucxinic

Qua 4 phan tmg trén ta thiy c6 acid chtra 3 nhém COOH tham gia nén chu trinh

nay goi .1a chu trinh acid tricarbonic.

5/ Phan ung khir carboxyl thuc hién boi enzym decarboxylase dac hiéu tao thanh

acid a-cetoglutaric

COOH COOH
! I

N Decacboxylase I
CH- COOH —m dH,
I -CO, I
C=0 C=0
I I
COOH COOH

Acid oxalosucxinic

Acid a-cetoglutaric

Bit dau tir day ta chi gip cac acid dicarbonic vi 1 nguyén tir carbon d3 bi khur

theo than khi.

6/Phan ing carboxyl-oxy hod nho enzym decarboxylase c¢6 nhém ghép la dan
xudt cia vitamin By (LTTP) dwoc thuc hién qua nhiéu buéc (giong nhie kiéu khir CO,

cua acid pyruric) dé tao thanh acid sucxinic.

COOH COOH
3 —
+ é > LTPP g o
|
C=0 CO~ S
| > LTPP
COOH HS
(I:OOH CI:OOH
COOH cH, +H,PO, + GTP —» GDP
(Iin C':H: +GDP -CoASHCH2 ADP ATP
] + CoASH [ |
(I:HQ CO~SCoA COOH
CO~S

SLTPP

HS

LTPP<

AR, L'IPP<| +NAD.H,
S

Nho enzym sucxinyl-CoA-deacylase ma acid sucxinic s€ tach khéi coenzym A.

Tom tat qua trinh trén nhu sau:
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COOH COOCH

| |

(I:I—I2 +LTPP +CoASH + NAP (.'TH2

(lsz -CO, (;*Hz '
C=0 COOH

]

COOH Acid sucxinic

Acid a-cetoglutaric

NAD.H2 chuyén H, vao h¢ thong phosphoryl-oxy hoa dé khai thac nang luong.

7/ Acid sucxinic bi oxy hoa thanh acidfumaric nho enzym sucxinicdehydrogenase

xuc tdac (nhom ghép la FAD).

COCH COCH
(:;Hz Sucxinicdehydrogenasg (II:IH +FADH,
CH, FAD . CH
(I:OOH (IZOOH
Acid sucxinic Acid fumaric

8/ Phdn itng ghép nudc nhé enzym fumarase bién acid fumaric thanh acid malic.

COOH
1

CH Fumarase
] +H 0 ——

]
COOCH

Acid fumaric

COCH
1

CHOH
|

T

COCH
Acid malic

9/ Phdn umg oxy hod acid malic nho enzym dehydrogenase yém khi (nhém ghép la

NAD) thanh acid oxaloacetic.

COOH

|

CHOH Dehydrogenase
] e
CH, + NAD

I
COCH

Acid malic

COOH
|
C=0
| + NADH,
CI—IZ
|
COOH .

Acid oxaloacetic

NAD.H, s& chuyén H, vao hé théng phosphoryl-oxy hoa dé khai thic ning

lugng.

Nhu vy qua 9 phan tng ta thdy lai xuit hién nguyén ven phén tir acid oxalacetic,
chi c6 acid acetic hoat dong (Acetyl-CoA) dugc oxy hoa triét dé va thai ra ngoai duoi
dang CO, va H,0O. Tom tat chu trinh Krebs nhu sau:

177



CH,-CO~SCoA

COOH- CO- CH,-COOH
(Acid oxaloacetic)

L J

NADH, .

)

COOH
tHol |

H,
toon
Acid malic
+H,0 I

COOH
¢H

H
bOOH

Acid fumaric

FAD.H, ;I
FAD

L]

NAD

OH
Acid sucxinic

+LTPP + CoASH

NAD.H, - CO, + ATP
- H2

10.4.2.3. Hiéu qua nang luong

Ctr mdi cip dién tir tach khoi co chit qua hé thong phosphoryl - oxy hoa dén O,

giai phong 3ATP.

CoASH

COOH
&,
HO - & - CooH

CH,
$oOoH

Acid citric
COOH
CH,

- COOH
H
OH
Acid cis-aconitic
+H,0
COOH
CH,
¢H - COOH
HOH

&oon
Acid isocitric
NAD
NAD.H,
OH

'Hzo

o
H - COOH
>=0

éOOH
Acid oxalosucxinic

cooq
H,

2
OOH

Acid a-cetoglutaric



Duong phan

Glucose > 2 Acid lactic 3ATP
2 Acid lactic —— 2 Acid pyruvic: 2x3ATP = 6ATP
2 Acid pyruvic —<%2 2 Acetyl-CoA: 2x3ATP = 6ATP
2 Acetyl-Coa —utrinhKrebs , o 4 H,0: 2x12ATP = 24ATP
Téng cong: 39ATP

Nhu ta biét: 1 phan tir gam glucose dat chay hoan toan dén CO, va H,O cho 688
Kcal, con ¢ sinh vat oxy hod 1 phan tor gam glucose cho 39ATP (twong duong
390kcal). Nhu vay hiéu suat s dung 12 55%, con 45% toa ra méi trudng lam ndng co
thé.

10. 4.2.4. y nghw cua chu trinh Krebs

- V& mit niang luong: Chu trinh Krebs 12 biéu hién cu thé ciia qua trinh oxy hoa
gidi phong nang luong va qua trinh phosphoryl- oxy hoa tich luy nang luong.

Hiéu qua nang luong gan 55% la hiéu qua rat 16n. Chu trinh Krebs 14 chu trinh
khai thac ning luong 16n nhat ctia co thé. Qua trinh nay xay ra o ty l1ap thé.

- Y nghia chuyén hoa va tong hop chat

Chu trinh Krebs 14 noi gip g& trung gian cta nhiéu qué trinh trao d6i chit nhu

chuyén hoa glucid, lipid, protein. Do d6 cac san pham trung gian ciia chu trinh Krebs
c6 thé di nguoc lai dé tong hop thanh cac san pham glucid, lipid, protein.

Hay noi cach khéc, thong qua chu trinh Krebs cac chat glucid, lipid, protein co
thé chuyén hoa 14n cho nhau.

Glucid Protein Lipid
r
AN I
Glucose Glycerin + Acid béo
w
Acid amin Acid oxaloacetic
Acid pyruvic «———4 Acid acetic

H,PO, <= = ATP

NH, CO,, H,0
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Chuong 11
QUA TRINH TRAO POI LIPID

11.1. VAI TRO CUA LIPID TRONG TRAO POI VAT CHAT

Lipid gém nhiéu loai nhu: dau thuc vat, lipid dong vat va céc chét giéng lipid
(lipoid). Pang ké nhit 1a nhém phosphatid va sterid. Pac diém ctia nhém chit nay 1a
khong hoa tan trong nudc ma chi hoa tan trong cac dung mdi hiru co nhu: con, de,
benzen, cloroform...

Lipid déng vai trd quan trong trong doi séng cia sinh vat.
11.1.1. Vai tré vé ning luwong

Lipid chira & cac mé lipid duéi da, trong 14 lipid, phu tang... N6 1a nguén du trir
nang luong 16n nhat ciia co thé. Hang ngdy 25 - 30% nhu cau ning lugng cua co thé
do lipid cung cp.

Mobi mot gam lipid khi oxy hoa co thé thu dugc 9,3kcal, trong khi d6 oxy- hod 1
gam glucid hodc 1 gam protein chi thu duoc 4,lkcal. Do d6 ngudi ta ndi rang co thé du
trit nang luong dudi dang lipid 14 thong minh nhat vi né tiét kiém dugc khéi lugng.

11.1.2. Vai tro tao hinh

Chtrc ning quan trong nhat cua lipid 13 cdu tao mang sinh vat (mang té bao,
mang ty lap thé...). Trong mang sinh vat, lipid ¢ trang thai lién két véi protein tao
thanh hop chét lipoproteid. Chinh nhd tinh chat ciia hop chat niy di tao cho mang sinh
vét c6 duogc tinh thAm thdu chon loc, tinh cach dién 1a nhitng thudc tinh hét st quan
trong cia mang sinh vat.

NN NINONINONINNONININSN
0O o o o o o o o o
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Ngoai ra, lipid con 1a dung méi hoa tan nhiéu vitamin quan trong nhu vitamin A,
D, K, E. Cho nén khau phan thiéu lipid 1au ngay thi dong vat d& mic bénh thiéu
vitamin ké trén.

Lipid ¢ dudi da ciia dong vat c6 tac dung dém va gitr 4m cho co thé nho tich lipid
va dan nhiét kém. Dbi véi dong vat ngu dong, dong vat di cu, cac loai sau kén lipid
con 14 ngudn cung cap nude cho co thé, vi khi oxy hod long lipid ¢6 107 g nudc duoc
sinh ra.

Pbi v6i cong tac chin nudi va tha y, viéc nghién ctru sy chuyén hoa cua lipid s&
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gitp chung ta hiéu duogc ban chat hoa hoc cua viée vd béo gia stc, qué trinh cai tao
taing ham luong bo trong sira... ddng thoi nhimg hiéu biét nay s& giai thich dugc cac
trang thai bénh 1y nhu: ceton- huyét, ceton - niéu...
11. 2. SU TIEU HOA VA HAP THU LIPID
11.2.1. Su tiéu hoa lipid
- O miéng thi khong c6 su tiéu hoa lipid vi khong c6 enzym thuy phan lipase.
- Xubng dén da day lipid ciing bi bién ddi rat it vi lipid cta thic an chwa duoc
nhil turong va enzym lipase cua dich vi cling hoat dong yéu do chua duoc hoat hoa.
- Qua trinh ti€u hoa lipid dugc thuc hi¢n chu yéu 0 ta trang va rudt non.
Lipid mubn duoc ti€u hoa duogc thi can phai co6 2 diéu kién:
+ Lipid duoc nhil tuong tirc 1 & trang thai dé bi tac dong cua enzym.
+ Enzym lipase phai dugc hoat hoa.
11. 2.1.1. Vén dé nhii twong lipid
Lipid khong hoa tan trong nudc cho nén enzym lipase kho thuy phan. Mudn tiéu
hoa lipid, co thé phai chuyén chat nay sang trang thai gan voi dung dich hon. Nhi
tuong 1a loai dung dich I'gia" trong d6 chit hoa tan bi phan tan dén kich thudc hat
khoang 0 5Smicron tré 1én, nhung ranh gidi giira hai pha van phan 5. Yéu to gitup cho
viéc bién lipid thanh nhitng hat nhii tuong 1a do acid mat cia gan tiét ra (nhu acid
coleic, acid litocolic, acid 7-desoxycolic...).

Mudi ciia acid mat va acid béo hap thu 1én bé mat cac hat lipid thanh mot mang
phan cach, han ché tac dung lién két cta lyc hat phan tir (tire 13 1am giam strc ciing bé
mit). Do d6 khi d3 v& nho thi cac hat lipid kho tip hop lai thanh khéi.

Ngoai ra, nhimg nhém chic va nudce ctia phan tir acid (nhu OH, COOH....) s& bd
tri mat ngoai tao thém 16p vo thuy hoa xung quanh hat lipid lam cho n6 cang tang su
phan cach hon.

Tac dong co hoc tao nhii twrong dugc thuc hién bdi sy co bop rudt non (nhu dong
rudt) Nho vay ma lipid duoc tré thanh nhil twong bén.

Muc dich ciia nhil tuong hoa 1a 1am ting dién tiép xuc gitra enzym lipase va lipid
va do d6 tdc 6 phan tmg ciing ting 1én hang van lan.

11.2.1.2. Hoat hod enzym lipase

Lipase O ta trang c6 2 ngudn gdc: lipase tuyén tuy va lipase niém mac rudt non.
Chu yéu nhat van 1a lipase tuyén tuy tiét ra. Luc dau mdi tiét ra né & dang tién enzym
chua hoat dong, sau d6 dugc acid mat hoat hod thanh dang hoat dong.

Nhu vy qua day ta thdy mat dong vai tro rat quan trong d6i véi sy trao ddi lipid,
no tao nhil twvong va hoat hoa lipase.
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Dué6i tic dung cia enzym lipase lipid dugc phan gidi thanh glycerin va acid béo theo
phan ng sau:

CH, - 0 - COR, CH,- OH
CH-O-COR, —dpase , CH OH + 3R - COOH
l +3H20

CH, - O - COR, CH -OH

Triglycerid Glycerin  Acid béo

Trong trudng hop thuy phan khong triét dé, n6 c6 thé thuy phan thanh diglycerid
hodc monoglycerid.

CH, - 0 - COR, CH, - OH CH, - OH
CHOCOR—'RJ%CHOCORZ—;RI% ¢H-oH
éHz-o-c0R3 {H,-0- COR, ¢H,-0- COR,
(Triglycerid) (Diglycerid) (Monoglycerid)

11.2.2. Sw hép thu lipid

San pham cua qua trinh tiéu hoa lipid 13 glycerin va acid béo. Cac san pham nay
duoc hap thu qua vach rudt theo cach khac nhau.

11.2.2.1. S hdp thu glycenn

Glycerin hoa tan trong nudc nén né dé dang duoc hap thu truc tiép vao té bao
niém mac rudt giong nhu sy hap thu cic monosacand.

11.2.2.2. Sw hdp thu acid béo

Acid béo khong hoa tan trong nuéc nén mudn hap thu duoc trude tién néd phai
duoc lién két voi acid mat tao thanh phirc cht goi 1a "acid coleic" hoa tan va dugc hip
thu qua té bao vach rudt hoic thu dong hodc phan 16n theo nguyén tic am bao.

Sau khi vao té bao thanh rudt, acid mat tach khoi acid béo. Acid mat di vao hé
tinh mach trd vé gan, con acid béo cting véi glycerin tong hop thanh lipid dac hiéu.

* 2 . A Mé
Acid béo Phitc chat tan (axit coleic) . Acid mdt ———an

Acid ma ua véch ruot T .. .
cid mat SR Sl Acid beo—M—) Lipid dic hiéu

Lipid dic hiéu dugc hinh thanh & té bao niém mac rudt 70% sé di vao ong 1am ba
clia nhung mao, roi tap trung dan dén 6ng 1am ba nguc dé d6 vao tinh mach rudt va
dén tinh mach ctra gan. & gan lipid c6 thé bi oxy hoa dé cung cép ning luong cho co
thé hodc din vé cac mo dy trit nhu m6 m& dudi da, mo day treo trang... tich luy lai
thanh lipid du trit. Nhung no6i chung bét ctr lipid ndo trudc khi dem sir dung (oxy hoa
cung cip ning luong) cling déu trai qua giai doan tich luy khoang 3 - 5 ngay, cho nén
ta thdy mé m& ludn ludn bién doi.

Con 30% lipid dugc ngdm tryc tiép vao méau vé tinh mach cira, loai lipid nay
dugc chd dén cac md mé tich luy lai.
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11.3. SU CHUYEN HOA LIPID
11.3.1. Sw oxy hoa lipid

Khi co thé can ldy niang luong thi enzym lipase s& phan giai lipid ¢ cac mo du trix
thanh glycerin va acid béo.

Glycerin va acid béo s& dugc dua vé gan va duoc oxy hoa theo 2 cach khac nhau
dén CO, + H,0 Va giai phong ning luong triét dé.

11.3.1.1. Sy oxy hod glycenn

Glycerin dugc phan giai theo kiéu cua glucose. Nhiéu thi nghiém d3 chimg minh
rang glycogen cé thé tong hop tir glycerin.

Qua trinh bit diu bang su phosphoryl-hoa glycerin nhd ATP va enzym

phosphorylase dac hiéu:
CH,OH (IIH20H
I
CH - OH Phﬁ“’gi , CH-OH
| |
CH, - OH ATP ADP CH, - O@
(Glycerin) (Phosphoglycerin)
Phosphoglycerin bi oxy hod thanh phosphoglycerylaldehyd.
0)
CH,OH c?
| Dehydrogenase .
CH - OH y/?ﬂ , CHOH
! T 1
ADP ATP '
ct,- oF) c0(p)
(Phosphoglycerin) (Phosphoglycerylaldehyd)

Sau d6 phosphoglycerylaldehyd s& dugc chuyén hoa tiép tuc nhu tir giai doan 6
cua qua trinh duong phan.

San pham cudi cung 12 acid acetic hoat dong (Acetyl-CoA) c6 thé s& di vao chu
trinh Krebs hoidc s& di vao cac qua trinh téng hop khac cia co thé.

Nhung vi phén tir lipid gdm chu yéu 13 phan acid béo nén xét vé mit ning luong
acid béo chiém vai trd quan trong hon, glycerin chi cung cap 1/125 dén 1/25 s ning
lugng cua phan tir lipid.

11.3.1.2. Sy oxy hod acid béo

Acid béo duoc oxy hod 1a cac acid béo no va ¢ sb carbon chin. Acid béo chua
no trude khi dem oxy hod s& duoc chuyén thanh dang bio hoa hydro. Dang acid béo
khong bao hoa nghién ctru chua dugc nhiéu.

Qua trinh oxy hod acid béo dugc tién hanh & gan. Qué trinh nay duoc Ko-ndp
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ngudi Buc (Knoop, 1904) nghién ctru va hoan chinh goi 1a qua trinh ~oxy hoa lipid.
Ko-ndp da cha ¥ téi s6 carbon chin cua acid béo. 6ng da thi nghiém cho cho an
cac acid béo chira s carbon chén va 1¢ duoc danh diu bang nhom phenyl & vi tri CHs.
Trong qué trinh chuyén hod, nhém phenyl khong bi pha hity ¢6 thé tim lai trong nuéc
tiéu. Bang cach do, 6ng da ching minh duoc gia thiét cia minh. 6ng nhan thiy rang:
trong luc chuyén hod & co thé dong vat, acid béo bi dit thanh timg doan 2 carbon.

Céc budc cua qua trinh oxy hod acid béo nhu sau:

1/ Lipid béo dwoc hoat hod nho ATP va coenzym acyl-hod

OH
O-Péo
I SNOoH
CoASH + ATP —> CoAS-P = O+AMP
|

(I)H OH OH
CoAS-P-O- ;’-OH +RCOOH > R-00~SCoA + H,P,0,
o 0
' (Acid béo hoat héa) (Pyrophosphat)

2/ Phan img oxy hod dugc thyc hién bdi enzym dehydrogenase hiéu khi c6 nhém
ghép la FAD bién acid béo sang dang khong bdo hoa. Vi tri ldy H, la carbon ava B.

R R
| |
CH2 Q-IZ
[ Dehydrogerase [
'3 (IZHZ ’ P » ?{
« CH, FAD FADH|
I |
CO~SCoA CO~SCoA

3/ Phdn iing ghép nudc dudi tdc dung cia enzym thudc nhém hydratase nhu f-
enolhydratase vao vi tri Cg.

! B-enolhydrafase |
CH +H,0 —— CHOH

CO~SCoA CO~SCoA
(B- Oxy acyl-CoA)

4/ Phan ung oxy hod oxy acid ¢ vi tri ,6 nho enzym dehydrogenase nhom ghép la
NAD bién oxy acid thanh P-cetoacid (cho nén qud trinh ndy mang tén qud trinh y
hoad).
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R R
i |

CH, CH,

] B-Oxy acyl-dehydrogenase |

CHOH — » (IZ =0

I NAD NAD.H

CH, c,

|

CO~SCoA CO~SCoA

(B- Ceto acyl-CoA)

5/ Enzym, [-cetotiolase (nhém ghép la COASH) sé cdt ~cetoacid trén mét doan 2

carbon thanh acid acetic hoat dong (tac acetyl-CoAd) va 1 acid béo hoat déng ngdin di
2 carbon.

R

' B-Cetotiolase

H, » R-CH, - 0O~SCoA + CH, -CO~SCoA
C=0 + CoASH Acid béo hoat d9ng Acetyl-CoA

|

ICHQ (ngén di 2C)

CO ~ SCoA

Nhu vy sau 5 phan ing cua qua trinh oxy hoa, acid béo dugc phan thanh 1 acid
acetic hoat dong va 1 acid béo nga‘in di 2C.

Qua trinh P - oxy ho4 lai tiép tuc nhung vi & day phén tir acid béo da & dang hoat
hoa (acyl-CoA) nén tir vong thir hai tré di s& bat dau ngay tir phan Gmg thu 2.

So do tom tit cua qua trinh B - oxy hoa acid béo nhu sau:

R'CI-Iz'a'Iz'a-Iz'on

l CoASH + ATP
R - CH, - CH, - CH, - CO-SCoA
FAD
FAD. H,
R - CH,-CO ~SCoA j .
(Acid béo (ngén di 2C) R - CH,-CH = CH-CO~SCoA
.
R - CH,-CHOH - CH,-CO~SCoA
CoASH 2 2
! NAD
NAD.H,

R - CH,-CO - CH,-CO~SCoA

Hiéu qua nang twong cua qua trinh f - oxy hoa acid béo:

Nang luong thu duoc ciia qua trinh B - oxy hoa acid béo 1a rat 16n. Hai cap H, go
FAD va NAD dua vao hé thong phosphoryl - oxy hoa s& du ning luong tao ra SATP.

Con acetyl-CoA duoc hinh thanh sau mdi vong cit dem oxy hod trong chu trinh Krebs
cho 12ATP.
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Vi du: B - oxy hoa acid palmitic (16C) ta co:
Sau 7 vong P - oxy hoa s€ c6 8 acetyl-CoA hinh thanh. Hi¢u qud nang lugong la:

8 acetyl-CoA x 12 ATP= 96 ATP
7 vong oxy hod x 5 ATP = 35 ATP
131 ATP

Néu dem trir di 1 ATP tiéu ton cho giai doan dau tién cta vong cit thir nhat dé
hoat hoa acid béo thi sb 130 ATP sinh ra sau khi oxy ho4 acid palmitic van 1a méot con
sO rat 1on.

11. 3.1.3. Vai tro ciia gan trong qud trinh chuyén hod lipid

Gan dong vai trd chi yéu trong chuyén hoa lipid. Béi vi cac qua trinh oxy hoa
lipid cha yéu xay ra ¢ gan, con & cac md bao khac qua trinh oxy hod lipid hiu nhu
khong dang ké.

Khi co thé thiéu glucid, lwong lipid & gan ting 1én rd rét. Néu trong nhiing truong
hop bi bénh dau gan hoac gan bi triing ddc phospho, tetraclorua carbon... thi cac acid
béo di vé gan s& khong duoc oxy hod. Lipid bi & dong tai gan, bién gan thanh "gan
béo". Trong nhitng truong hop nhu viy ngudi ta thudng phai bd sung vao khau phan
cac chat tiéu md nhu se rin, methionin...

Ngoai ra, nhu ching ta da trinh bay ¢ trén gan la co quan san sinh ra cac acid
mat, 12 yéu t6 nhii twong hod lipid va hoat hoa lipase. Vi vdy, khi qua trinh tiét mat
kém, su tiéu hoa va hép thu lipid b1 dinh tr¢. Lipid khong duogc ti€u hod s€ theo phéan ra
ngoai.

11. 3.1.4. San pham ciia qud trinh B - oxy héa. Sw hinh thanh thé ceton

Trong qué trinh B - oxy hoa acid béo, luong acetyl-CoA duoc tao ra rat nhiéu.
Ban than té bao gan chi st dung mot it acetyl-CoA cho nhu ciu cta minh, nén phan
16n acetyl-CoA duogc dua téi cac mo bao khac dé sir dung. Thé ceton 1a dang chuyén
hoa trung gian cua acetyl-CoA.

Thé ceton 1a tén goi trong chan doan 1am sang ctia nhém gdm 3 chat: acid
acetoacetic; acid hydroxy butyric va aceton.

CH,-E-CHZ-COOH CH, - CH - CH, - COOH CH,-ﬁ:-CH,
|
o) OH o)

(Acid acetoacetic) (Acid B-hydroxybutyric) (Aceton)
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Qua trinh tao ra thé ceton nhu sau:

cH, CH CH,
; CO~8Coa  -CoASH  c-qg -CASH c-g
i EEm—— ! —_—
CH, Transpherase CH, H,0 (",'H2
!
CO~SCoA CO~SCoA COCH
Acetoacetyl-CoA  Acid acetoacetic
CH, COOH
| I
C=0  +CH,-CO-sCoa_ H:O = cn,
' Syntetase '
CH, H,C-C- OH
CO~SCoA CO~SCoA

Acetoacetyl-CoA

B-hydroxy, B-metyl-glutaryl-CoA

o R
- H,0
(I',‘~O +CH,-(I)~SC0A___2__’ ?Hz
Syntetase
("JI-I2 H,C- ? -OH
CO~SCoA CO~SCoA
Acetoacetyl-CoA f-hydroxy, B-metyl-glutaryl-CoA
(|300H CITOOH
CH, + CoA-SH CH, CH,
| EEE— ) + !
H,C- (|3 - OH Liase C=0 CO~SCoA
' |
(lx-Iz a{; AOC(}’I—COA
COOH Acid acetoacetic

70 - 80% thé ceton trong méu ton tai & dang acid p-hydroxybutyric. Trong trudng
hop réi loan chuyén hoa ning, khi ham luong acid acetoacetic qua cao, mot phan chat
nay c6 thé bi mat di CO2 tao thanh aceton.

Aceton 1 chét d& bay hoi va dugc bai tiét ra ngoai qua nudc tiéu va hoi the. Nhu
vay, thé ceton 13 nhimg chit chuyén hoa binh thuong cua co thé dong vat, chung chi
tré nén ngudn goc giy chimg toan huyét khi duoc san sinh qua nhiéu do diéu tiét
chuyén hoa glucid va lipid bi réi loan.

Vi¢e tach va gitr lai gan cac nhom ghép COA-SH c¢6 y nghia 16n cho gan khoi bi
thiéu chat nay.

11.3.2. Sw tong hop triglycerid

Nguyén liéu dé tong hop triglycerid 1a glycerin va acid béo. Hai chat nay khong
nhat thiét phai tir lipid thirc dn dua vao ma con bét ngudn tir glucid, protein. Boi vi khi
nghién ctru cac qua trinh oxy hod ta thiy c6 nhiéu giai doan gidng nhau nhu giai doan
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chuyén tiép giita trao d6i glucid, lipid va protein.
11.3.2.1. Su téng hop glycenn

Glycerin dugc tao nén tir san pham cta qua trinh phan gidi glucose. Cho nén
nguon goc chu yéu cua nd 1a ngudn glucid thire an.

Phosphodioxyaceton

Glucid —-)Tleu Lo Glucose Qua 5 phén ing >
dudng phan

Phosphoglycerylaldehyd

CH,O0H CHO CH,OH CH,OH

I Isamerase | +H, I -H,PO, I
C=0 — CHOHW CHOH E’ (I:HOH

1 | |
CH,0(®) CH,0 (P) cH,0(P) CH,0H
Phosphodioxy-aceton Phosphoglyceryl-aldehyd Phosphoglycerin  Glycerin

Qua trinh nay dugc nhiéu enzym xuc tac nhu isomerase, dehydrogenase voi
nhom ghép NAD, phosphatase...

11.3.2.2. S téng hop acid béo theo vong xodn Linen - Waykins

Acid béo duoc tong hop nén tir cac phan tir acetyl-CoA theo kiéu vong xodn do
Linen-waykins nghién ctru nén duogc goi 13 vong xoan Linen-waykins.

Pon vi cau tao nén acid béo 1a acid acetic hoat dong (tac 1a acetyl-CoA). Nguén
gbc cua acid nay co thé tir nhiéu chat (lipid, acid amin...) nhung quan trong nhét va cé
y nghia thuc tién nhét 13 tir glucid. Db cling chinh 1 co s khoa hoc cuia viée vo béo
gia stic bang tinh bot.

. Tiéu hod Phan gidi : : -CO, )
Glucid TA —————— Glucose WACld pyruvic ————er—> Acetyl-CoA

Theo Linen - Waykin, qua uuul tong hop acid béo duoc tién hanh qua 3 giai
doan:

1/ Hoat hoad acetyl-CoA tgo thanh malonyl-CoA thuc hién boi enzym carboxylase
c6 nhém ghép la thoan (vitamin H) va c¢6 sy tham gia ciia ATP, Mn®".

CH, COOH
' Biotin !
CO~SCoA +C0, ——— CH,
ATP,Mn®* |
CO~SCoA

(Malonyl-CoA)

188



2/ Hai acyl-CoA lién két véi nhau nho enzym syntetase. Linen goi dé la enzym ACP
(acyl - carrier - protein).

COOH (IZOOH
: +ACP.SH
CH, —_— CH,
| -CoASH !
CO~SCoA CO~S.ACP
(Malonyl-CoA) (Malonyl-ACP)
COOH COOH CH,
‘ _CoASH_ ! €0, |
CH, +CH,;-C0~SCoA — CH,- CO-CH, .__,F =0
I I
CO~S.ACP CO~S.ACP FHZ
CO~SACP
Ceton butyryl-ACP
3/ Qua trinh tao butyryl-ACP
CH, (|:Hs
I
C=0 Dehydrogenase CHOH

CO~SACP CO~S.ACP

?:I: . Hydratase CIZH, Hydrogenase gl;

| __ﬁz_o_' I FMNH, N

CHH FH o

(|30~SACP CO~S.ACP CO~S.ACP
Butyryl-ACP

Phén tir butyryl-ACP (4C) lai két hop v6i mot phan tir acetyl-CoA (dd qua giai
doan rnalonyl-CoA) theo cic phan mg nhu trén dé tao thanh phan tir capronyl-ACP
(6C). Clr nhu vdy ma phan tr acid béo qua mot vong xodn s& dugce ndi dai thém 2
carbon.

Pic diém cua cac phan tir acetyl-CoA tham gia tong hop acid béo 12 né déu qua
giai doan malonyl-CoA. Qua trinh nay xay ra & bao twong trén mang ty lap thé. Trong
co thé dong vat gan 70 - 80% acid béo ban dau duoc tong hop dudi dang palmityl-
CoA (16C). Sau d6 tuy theo nhu cau cua té bao, tir acid béo nay s& duoc ché bién
thanh cac acid béo khac Vi¢ce xir Iy nay dugc tién hanh & hai vi tri:

Néu doi hoi ndi dai thém phan tir acid béo thi palmityl-CoA dugc dua vao ty lap
thé & d6 n6 dugc ndi dai boi cac acetyl-CoA.

Néu tro thanh cac acid béo khong bdo hoa hodc 'thdp phan tir thi né duoc chuyén

vao tiéu thé microsom dé xur ly oxy hoa.

Sau khi c6 glycerin & trang thai hoat hoa, qua trinh gan acid béo thuc hién timg
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phan tir 1an luot va tao thanh cac san pham: mong-, di-glycend phosphat va cubi cling
mai tao thanh triglycerid.

'(I:Hzon CH, - O - COR, CH,-O- OR,

+R,-COOH ! i
CHOH ——3 CHOH Ry QOO 1.0-0R,

! I
CH,0 @ ' CHzO@ é:H,O@

Phosphoglycerin Monoglycerinphosphat Diglycerinphosphat
CH,O - COR, CH,O - COR,
. +R,COOH |
CHO - COR, » CHO - COR,
| -H,PO [
ca,0(P) T CH,0 - COR,
(Triglycerid)

11. 4. SU CHUYEN HOA LIPOID

Lipoid gom nhiéu dai dién khac nhau, nhung nguoi ta méi nghién ctru ky hai loai
1a phosphatid va steroid. Hai loai nay tham gia vao nhiéu vao qué trinh trao doi vat
chat cua co thé.

11.4.1. Sw chuyén hod ciia phosphatid

Phosphatid chiém vi tri quan trong trong qué trinh chuyén ho4 lipid va protein cu
thé 13 xtc tién viéc hap thu lipid & vach rudt. Co nguoi cho rang lipid duge phosphoryl
hoa qua giai doan 1ap phosphatid. Ciing c¢6 nguoi cho rang phosphatid can cho sy trao
ddi chat ¢ vach rudt dé du nang lugng dung vao viée hap thu.

Phosphatid tham gia vao van chuyén lipid va acid béo & co thé. Khi mau nhan
nhiéu lipid va acid béo thi dong thoi ham luong phosphatid huyét twong ciing ting 1én.
Trang thai nay con gip khi dong vat bi déi, tirc 13 luc co thé phai huy dong lipid du trit
vao nhu cau ning luong. Khi lipid lién két véi phosphatid hoat tinh hoa hoc cuia chung
dbi voi enzym s& cao hon. Piéu nay giai thich hién tuong "gan béo" khi co thé thiéu
phosphatid (vi thiéu choan va methionin).

Co thé dong vat c6 kha ning tong hop phosphatid tir cic nguyén liéu don gian
nhu glycerin, acid béo, acid phosphonc, choan, se rin, etanolamin... Phosphatid dugc
tong hop chil yéu ¢ gan, ndo, co, vach rudt non.

Céc dai dién phosphatid thuong gap nhu lexitin, cephalin, serinphosphat, dugc
phan giai va tong hop twong tu nhau. Ta ldy lexitin lam thi du.

11.4.1.1. Sy phdn giai lexitin

Enzym phan gidi lexitin 1a lexitinase A va B, phosphatase. Lexitin bi lexitinase A

tach di mot acid béo thanh dang lisolexitin c6 tac dung dung huyét. Sau d6 lexitinase B
tach nét acid béo thir hai. Ca hai enzym nay déu c6 & té bao dong vat.
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Néu sy phan giai bat dau bdi phosphatase thi nhom cholin~hosphat s& bi tach ra
trude Khi lexitin mat nhém azot-cholin, n s& thanh acid phosphatidic.

CH, -0 - COR, (I)H
I
CH- O - COR, HO-CH, - CH, - N=(CH,),
I
,-0-®
Acid phosphatidic Cholin

11.4.1.2. Sir tong hop lexitin
Qua trinh téng hop lexitin nhu sau:

+ Hoat hoé glycerin vd1 ATP nho phosphorylase.

CH,OH CH,OH

|

CHOH +ATP —Phosphonylsse . cHOH + ADP

i |

CH,0H CHO (P)
Glycerinphosphat

+ Duéi tic dung clia ATP va CoASH, acid béo dugc hoat hod va bi€én thanh dang
acyl-CoA.
CoASH + ATP—> CoAS - () -0- () +AMP

0]
y o
R-C_  +CoaS~(®)-0-(B) »RC = +HPO,
OH SCoA
+ Lién két giita glycerinphosphat va 2 acyl-CoA tao thanh acid phosphatidic.
CHon ?Hzo - mRI
! o)
CHOH +2R-C’ — CHO- COR, +2CoASH
! S.CoA '
cH,O0 () CHO (P)
ilvcerinnhosphat Axvl-CoA Acid phosphatidic
Glycerinphosphat Axyl phosp
+ Cholin dugc hoat hod boi ATP va phosphorylase dédc hiéu:
CH, - CH,OH . CH,-CcH0(P)
d Photphorylase 7
N = (CH,); . N=(CH,),
\ ~ TN
OH ATP ADP OH

(Phosphocholin)

+ Phosphocholin s& lién két voi citidintriphosphat (CrP) dé tao thanh
Citidin6iphospho-cholin (cDP-cholin) va ptrophosphat. Chi ¢ trang thai nady choan mai
dé lién két vao acid phosphatidic hoic diglycerid dé tao thanh lexitin.
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HHHH ? o
[
\c CCCCHZOPOPCILCHzN(Cﬂs):

| |
I__EH OE_l OH OH OH
CDP-Cholin

Acid phosphatidic — Lexitin + CDP
CDP-Cholin +
Diglycerid — Lexitin + CMP

O day choan dugc tong hop tir se rin, glycin va methionin. Diéu nay néi 1én tam
quan trong cua céac acid amin d6 doi véi viéc ti€u hoa lipid.

Serin Colamin Glycin

H,O0H OH OOH
fH _-co, . ¥f
[ e T
COOH NH, NH,

l + 3 g6c CH, clia methionin
CH,0H - CH, - II\I = (CH,),
OH
(Cholin)

11.4.2. Sw chuyén hod ciia steroid

Pai dién chil yéu ctia nhom lipoid nay 1a cholesterol va cholesterit tirc 13 este cua
cholesterol va acid béo.

Cholesterol c6 nhiéu trong mé bao dong vét va sinh vat khac. Trong mau dong
vat ham luong ctia nd ¢ thé o tir 150 - 250mg%.

So dd cong thuc cua cholesterol:
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Cholesterol

HO

11. 4.2.1. S tong hop cholesterol
Theo tai lidu ctiia Bloch (1944), cholesterol dugc tong hop tir cac acetyl-CoA.
Qua trinh téng hop dién ra kha dé dang ¢ nhiéu mé:
Tix acetyl-CoA — Isopren (CH; - CI =CH - CH,)
CH,
Sau d6 6 isopren lién két lai v6i nhau tao thanh chudi squalen:
6(CH3-C|Z=CH-CH3) - CH3-CI3=CH-CH2-(CHZ-(|3=CH-CH2)4-CH2-(l1=CH-CH3
CH3 CH3 CH3 CH3
(Isopren) (Squalen)
Cudi cung chudi squalen sé& gip khuc thanh cholesterol. Mic dau co ché gip khac
ctia squalen chua rd song ngudi ta biét dugc cong thire cua cholesterol nhur trén.

11.4.2.2. Sw chuyén hod ciia cholesterol

Cholesterol trong qua trinh chuyén hoa s& bién thanh nhiéu hoat chét sinh hoc
hodc s¢ thai theo mat va qua vach rudt gia. Mot lugng nho céd thé dua ra theo m& nhon
ctia da. T cholesterol chuyén hoa cho ra cac san pham sau:

* Cac hormon thudéc nhom steroid nhu cac hormon sinh duc va nhom
corticosteroid (hom lon tuyén thuong than): androsterol (¢ con duc), estrogen (¢ con
cai), corticosterol (tuyén thuong than).

* Céc acid mat & gan: acid mat do cholesterol tao ra gébm co6: acid colanic, acid
colic acid desoxycolic, acid litocolic...

CH, OH CH,

(IZH-CHa-CHa-COOH ICI{-(II{,-C}L-COOH
CH. CH +
CH:; 3 CI_I3 3
HO" X HO" “HO
Acid colanic Acid colic
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HO CH, c,

i, CH
CH, CH, i
mo” VN HO'\/ \,
Acid desoxycolic Acid litocolic

(3,12-dioxy Colanic)

Trong mat cdc acid trén thudng lién két véi glycin va taurin qua mach -CO-NH-
thanh acid glycocolic va acid taurocolic.

CH-CH,-CH,-CO-NH-CH,-COOH

CH, (Acid glycocolic)

CH‘CI'Iz'CHz'CO'NH'CHz'C}'Iz‘SO 3H
CH, (Acid taurocolic)

Nhitng acid d6 1a dang bai tiét cua cholesterol, chung c6 tac dung kich thich
enzym lipase, nhil tuong hoa lipid cia thirc an va xtc tién su tham thau acid béo qua
vach rudt.

Mot phan cholesterol qua rudt gia thai theo phan ra ngoai. & rudt gia, do tac dung
oxy hoa khir ciia vi khuan né bién thanh coprostertrl mau vang - mau dic trung cia

L/LJ -H, w +H, +H,
- ‘ - -
Pd

Cholesterol Cholestenon Coprotenon  Coprosterin
* Cholesterol & du6i da (dang 7 - dehydrocholesterol) dudi tic dung cia tia tir ngoai
(A =260 mp) bi phan hod m& mach 9-10 tao thanh vitamin D,.
. CH,

phan.

CH,

Vitamin D,

-

HO

O ctru mot phan cholesterol duoc bai tiét dudi dang chit nhon cua chan 16ng.

11.5. CO CHE PIEU CHINH QUA TRINH TRAO POI LIPID
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Su chuyén ho4 lipid & co thé dong vat chiu su diéu chinh ciia hai hé thong: than
kinh va thé dich.

11.5.1. Piéu chinh cia than kinh

Khi hé than kinh giao cam - Sympathicus bi kich thich, qua trinh phéan giai lipid
tién hanh manh.

Khi hé than kinh pho giao cam hung phan, lipid tich luy nhiéu hon. Theo nhiéu
tai liéu thi loai hinh than kinh c6 tac dung rat rd d6i véi qua trinh tich luy lipid.

11.5.2. Diéu chinh ciia hormon

* Hormon lipocain: Pugc sinh ra ¢ 6ng dan tuyén tuy, co tac dung xtc tac su
oxy hoa lipid & gan, chdng hién tuong "gan béo".

* Hormon vo tuyén thieong thdn: Cortizol, desoxy-corticoterol va hormon tuyén
yén nhu adenocortico-tropin ciing ¢ tac dung gian tiép gy tich luy lipid thong qua
trao doi glucid.

* Hormon tuyén sinh duc ciing anh huéng t6i sw tich luy lipid.

Vi du: trong chin nudi viéce thién gia suc 13 1am giam qué trinh oxy hoa lipid.

Su chuyén ho4 lipid c6 lién quan mat thiét voi qua trinh chuyén hod dudng bot.
Khi nguén dudng bot ctua co thé bi giam sut hodc bi bénh duong ni¢u thi vig¢ce chuyén
hoa lipid dugc ting cudng dé bd sung phan ning luong. Acid béo phan gidi manh s&
tao ra nhiu acetat, acetoacetat, cetoacid. D6 1a nhitng thé ceton. Binh thudng ham
luong thé ceton khoang 1-2%. Nhung khi co thé suy nhuoc phai dung lipid 1am chat
cho ning lugng cha yéu thi ham lugng thé ceton trong mau tang 1én tdi 200 - 300%.

Loai chét nay kém oxy hoa nén tich lu§ lai nhiéu gy ra hién tugng ceton - huyét.

Hau qua cua ceton- huyét 13 ceton - niéu, ttrc 1a nudc tiéu chira nhiéu thé ceton.

Thé ceton gy cho co thé trang thai toan huyét va 1am rdi loan qué trinh sinh hoé
hoc ciia co thé. Con bénh thudng chét trong trang thai hon uré.

Dbi voi bo sita cao san ciing thuong dé xay ra tinh trang ndy néu nudi dudng
khong dung k¥ thuat.

Khi co thé miac mot sd bénh duong ti€u hod nhu bénh gan, tdc mat... thi su hép
thu lipid bi tr¢ ngai va kém theo cac bénh thiéu vitamin A, D, K, E.
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Chwong 12
QUA TRINH TRAO POI PROTEIN

12.1. VAI TRO CUA PROTEIN TRONG QUA TRINH TRAO POI CHAT

Qua trinh trao doi protein chiém vi tri chu dao trong bat ky qua trinh séng nao, vi
moi hién twong sinh truéng, phat duc cua bat ky sinh vét nao ciing lién quan véi qua
trinh trao d6i protein.

Trong co thé sdng, protein ¢ cac vai tro chinh sau dy:

12.1.1. Vai tro tao hinh

D6 1a vai tro chinh cua su chuyén hoa protein. Cac chét protein khi vao duong
tiéu hoa duoc cac enzym phan giai thanh cac polypeptid va cac acid amin. Nhitng chat
nay duoc mau dua tdi cac co quan tong hop nén cac chit ¢ hoat tinh sinh hoc cao nhu
enzym, hormon, khang thé... Dic biét 13 enzym c6 tdm quan trong 16n vi n6 xac tac vo
s6 cac phan tng sinh hoa hoc trong co thé.

Protein con dé dang lién két tam thoi v6i cac chit co ngudn gdc khac nhau nhu
lipid, glucid, cac acid hitu co... Chung c6 nhitng tinh chat hoan toan méi va rat quan
trong. Khi chiing phan giai thanh chét cii thuong ching ¢ hoat tinh cao hon dé tham
gia vao cc phan Gmg cua co thé.

12.1.2. Vai tro xuc tdac sinh hoc

Hau hét cac qué trinh trao doi chat dic trung d6i véi co thé séng déu duge tién
hanh dudi tac dung xuc tdc boi nhiing chit c6 hoat tinh sinh hoc dic biét, d6 1a cac
enzym. Ma nhu ching ta di biét ban chat hoa hoc cua enzym 13 protein.

12.1.3. Vai tro diéu hoa trao doi chit

Mot sb peptid hodc protein c6 kha ning ting cudng hodc kim ham hoat dong cia
enzym, tham gia diéu hoa téc d6 va su can bang cac qua trinh sinh hoc trong co thé. Vi
du cac hormon glucagon va adrenalin ting cudng chuyén hoa glycogen thanh glucose
thong qua adenylatxyclase, AMP vong va phosphorylase.

12.1.4. Vai tré vin chuyén cdc chit

Vi du hemoglobin van chuyén khi, transferin van chuyén sat, cytocrom van
chuyén dién tu...

12.1.5. Vai tré co dudi va vin dong

Protein cau tric hinh s¢i tao thanh cac té bao co bap, co tron c6 kha ning co dudi
va giap cho qua trinh van dong.

12.1.6. Vai tro bdao vé
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Co thé sinh vat c6 kha nang tong hop nhiing protein dic hiéu (cac khang thé)
chéng lai cac yéu t6 ngoai lai nhu doc t6 vi khudn (cac khang nguyén). Hodc nhiing
protein cua da, strng, mong... ciing c6 tac dung bao vé co thé.

12.1.7. Vai tro cung cdp niang liwong

Trong qua trinh di hoda mét lugng dang ké acid quan bi phan huy qua con duong
oxy hoa cung cip ning lugng cho co thé.

Cu 1 gam protein khi oxy hod cho 4,1kcal.

12.2. MOT SO PAC PIEM CUA SUTRAO POI PROTEIN O PONG VAT

O gi6i dong vat bac cao (nguoi va vat nudi) sy chuyén hoa protein c6 nhitng dic
diém sau day:

12.2.1. Sw hép thu dong bé

Sy hap thu acid amin qua vach dng tiéu hoa doi hoi mét ty 18 twong quan nhat
dinh giita cac loai acid amin dé dat hiéu qua t6i vu vé mat dinh dudng. N6i cach khac,
cac acid amin c6 anh huéng tuong hd trong qué trinh hap thu va str dung & mé bao.

Theo K.Uyliam, twong quan s lugng dé c6 sy hap thu t6i vu cta cc acid amin
nhu sau: (Lay lysin lam chuan 100%).

Lysin 100%
Methionin va Cystein 34%
Tryptophan 9%
Histidin 33%
Vang 12%
Tyrosin va phenylalanin 78%
Treonin 45%
Leucin 85%
Isoleucin 47%

Cho nén trong k¥ thuat chin nudi diéu ndy co ¥ nghia tng dung quan trong: can
nam chic ty 1é cic acid amin trong khau phan dé bd sung nhimg- acid amin con thiéu,
nh¢ do tang ty 1€ tiéu hod va gid tri dinh dudng cta thuc an. Trong nhiing acid amin
thiéu hut thuong phai chii y trudc hét dén ly sin, methionin va tryptophan.

12.2.2. Tich luy protein co gioi han

G161 thyc vat va vi sinh vat ¢6 kha nang tiép thu rong rai ngudn protein va acid
amin cho su phat trién khoi lugng va phan bao lién tuc.

Con & dong vat, do khéi luong co thé chi phat trién dén mot mirc nhat dinh (dic
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trung theo loai gidng) nén dén tudi truong thanh co thé khong co kha nang du trir

protein. Luong nhdp vao thtra s€ bi phan huy sang cac dang glucid hodc lipid.
Nhu vay & dong vét tuy theo ltra tudi, tuy theo trang thai sinh 1y ma c6 su cin bang
nhat dinh trong viéc thu va thai protein.

Nguoi ta nghién ctru sy can bang d6 qua chi sé Nito (azot) goi 13 su "can bang
Nito". C6 nghia 1a s6 Nito thu vao theo thirc an va sb Nito thai ra theo phan, nudc tiéu,
mo hoi...Co 3 trang thai can bang Nito:

- Can bang duong

Khi s6 Nito thu vao 16n hon sb Nito thai ra. Can bang duong thuong gip ¢ dong
vat non dang phat trién hodc & dong vat dang phuc hdi sau khi dm.

- Can bang am

Khi s6 Nito thu vao E hon s Nito thai ra, chting t6 su di hod manh hon déng
hoa.

Thuong gip ¢ dong vat gia cdi, 6m yéu.
- Can bang déu

S6 Nito thu vao va thai ra bang nhau. Dang ndy dic trung cho co thé truong
thanh, d ngimg phat trién.

12.2.3. Lwong protein téi thiéu

Trong dinh dudng hoc, ngudi ta thuong cha ¥ t6i chi tiéu nay dé diéu chinh
luong protein can phai co trong khau phan nhdm dam bao cac nhu cau sinh 1y binh
thuong cua co thé dong vat

Mobi mot dong vat can luong protein tdi thiéu nay khac nhau phu thudc vao loai,
vao lira tudi va trang thai sinh 1y... Binh quan chi s6 nay dao dong trong khoang trén
duéi 1g cho 1kg khdi luong co thé.

Vi du: Ctru can lg/1kg khéi lugng trong mot ngay dém.
Lon can 1g/kg khéi luong .

B0 nghi vit sira 0,6 - 0,7g/kg khdi lugng.

Bo vit sita 1g/kg khéi luong

Ngudi can 1,0 - 1,5g/kg khdi luong.

1.2.3. SU TIEU HOA VA HAP THU PROTEIN
12.3.1. Su tiéu hoa protein

Protein cua dong vat va thuc vat déu co tinh dic hiéu riéng cua minh. Vi vay,
mudn tiéu hoa hip thu dugc, protein phai dwa vé cac phéan tir don giam khong c6 tinh
ddc hiéu sinh hoc nita. Chi v6i nhitng thanh phan ndy chung méi duoc hap thu qua
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mang rudt vao mau ma khong gay nén nhiing di ing cho co thé.
¢ mi¢ng: khong co sy ti€u hoa protein vi khong cé enzym protease phan giai.
- & da day: Dich vi ¢6 2 chit cin cho su tiéu hoa protein 14 enzym pepsin va HCI.
Pepsin lac dau méi tiét ra thuong & dang tién enzym - pepsinogen. Nhung nho c6

HG ma né chuyén sang dang hoat dong.

Pepsinogen _Ha, Pepsin
(Tién enzym) (Hoat dong)

Ha con c6 tac dung 1am cho protein truong phong 1én giup cho enzym dé tac
dong.

Enzym pepsin sé& cat mach peptid duoc hinh thanh giita nhém quan cta acid amin
mach vong va nhoém carboxyl ctia acid amin dicarboxylic.

Vi du: Mach néi giita phenylalanin véi acid aspartic hodc acid glutamic.

| cI:OOH
N\ ICHz
2 CI—IZ
| Pepsin I
% 1 AN
AN
-COo NH — CO NH—

Dudi tic dung cua pepsin, phan tir protein bi dut thanh céc polypeptid chira
khoang 4 -5 gbc acid amin.

Nhiing protein dugc ti€u hoa la protein hoa tan trong nudc, con cac protein cua
mo lién két thi khé tiéu hoa (colagen, elastin). Long va toc thi hoan toan khong tiéu
hoa duoc.

& rudt: Protein dugc ti€u hod hoan toan bién thanh céc acid amin nho enzym cua
tuyén tuy va dich rudt.

Enzym ciia tuyét tuy va dich rudt tiét ra gdbm c6 nhiéu loai:

* Trypsin: Luc dau tiét ra & dang trypsinogen. Nho enzym enterokinase ¢ thanh
rudt ma trypsinogen bién thanh trypsin.

Enterokinase

Trypsinogen » Trypsin

Trypsin cat mach peptid thanh 1ap nén boi nhom carboxyl ciia glycin (hodc acid
diamin) va nhom quan cta acid amin nao do.

* Chimotrypsin: Cat mach peptid gan cac acid amin mach vong.
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Céc polypeptid thap phan tir s& dugc thuy phan tiép tuc nho cac e~zym peptidase
nhu: * Carboxypeptidase: Cat mach peptid gan nhém COOH ty do.

* Aminopeptidase cit mach peptid gan nhém NH2 tir do.

* Dipeptidase cat mach dipeptid thanh 2 acid amin.

* Prolinase cat mach peptid thanh 1ap bai thoan va cac acid amin khac.
* Nuclease thuy phan acid nucleic.

Két qua cudi cung 1 protein dugc bién thanh cac acid amin.

12.3.2. Sw hép thu acid amin

Protein nguyén thé khong dugc hap thu. Néu tiém protein truc tiép vao mau thi
sau mot thdi gian protein nay dugc bai tiét ra ngoai theo nudc tiéu, dong thoi trong
méau xuét hién mét loai khang thé dic hiéu chéng lai loai protein nay. Néu sau 10 - 12
gio lai tiép tuc tiém loai protein nay vao co thé thi co thé sinh ra hién tuong di Gng,
1am con vat choang ngit va c6 thé chét.

Protein hép thu duogc phai ¢ dang acid amin ty do, nh¢ vy ma co thé khong bi de
doa béi hién twong di tng nguy hiém.

Riéng gia stic so sinh c6 kha ning hap thu duoc protein nhu y-globulin tir sita me
dé hinh thanh khang thé trong 7 ngay dau, nhung sau d6 kha niang nay mat di.

12.4. SU CHUYEN HOA CUA ACID AMIN

Hang ngay trong co thé dong vat ludén ludn c6 mot lugng acid amin duge dua vao
vong chuyén hoa.

Vi du: Hang ngay & ngudi c¢6 khoang 100 g acid amin cta thirc dn ngdm qua vach
rudt va 20 g acid amin do sy phan huy protein cia mo bao.

Céc qua trinh tong hop va phan giai protein dugc thue hién qua nhiéu phan tng
lién quan chat ch€ v4i nhau nhu: Phan tng khur quan

Phan tng chuyén quan
Phan trng khtr carboxyl...
Ta lan luot xét timg loai phan Gng trén.
12.4.1. Phan vwng khir quan cua cdc acid amin

Khi cho acid amin qua gan c6 lap nguoi ta thu dugc cic chat nhu cetoacid va
amoniac. Phan tmg nay xay ra ¢ gan, than va chiém mét vi tri quan trong. Thong qua
phan tng khir quan, amoniac hinh thanh. Enzym xtc tac phan tmg khtr quan 1a enzym
oxydase.

Co hai loai oxydase:

- Oxydase nhém ghép 1a FMN - xtic tac phan tng khir nhin cho céc acid nhiun
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hang L.

- Oxydase nhom ghép 1a FAD- xtic tdc phan Uing khir quan cho céc acid amin
hang D.

Phan tng khir quan x4y ra nhu sau:

* Phdn itng oxy hod

R , R

. -

COOH  FMN  SFMNH, COOH

(Acid amin) (Iminoacid)
* Phdn itng thuy phdn
R R
é: =NH +H,0 > IC =0 + NH,
('IOOH ICOOH
(Iminoacid) (Cetoacid)
FMNH, +0, — FMN+H,0,
Catalase

2H,0, , 2HO +0,

Céc cetoacid hinh thanh trong qué trinh trén s& chuyén ho4 tiép tuc theo 2 hudng:
Khtr carboxyl thanh aldehyd, chat nay lai bi oxy hoa thanh acid béo ngin di 1 carbon.

R < R

I -CO. 1 + H,O

c=0 ——2, (C=0 —H—> R - COOH
| AN -1

COOH H

D1 theo hudng nay thuong la céc .cetoacid cua leucin, isoleucin.

- Mot s6 khac ¢ kha ning chuyén thanh cac san pham glucid. Huéng nay thuong
1a cetoacid cia acid glutamic va mot sé acid amin mach vong nhu phenylalanin.
tyrosin... Mot s6 acid amin khtr quan khong do oxydase ma do dehydrogenase (nhom
ghép NAD)
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Vi du nhu: acid glutamic

COOH COOH : COOH
] | |
((I3Hz)z Dehydrogenase |(('3Hz)z +H,0 | ((l:Hz)z + NH,
CH-NH, nNap  NADH, §=NH €=0
COOH COOH ' COOH

SN NS aa S S A

Dic biét c6 glycin khi khir amin bi€n thanh acid glyocylic.

CH,—COOH NH, COOH
Glycin Acid glyocylic

12.4.2. Phén irng chuyén quan ciia cdc acid amin

Do Braosten va Krisman tim ra nim 1937. Phan tng chuyén quan duoc thuc hién
giita mot chat cho quan thuong 1a cac acid amin (nhat 13 acid glutamic) va mot chat
nhan amin thuong 13 mot cetoacid. Két qua 1a mot acid amin méi va mot cetoacid méi
hinh thanh.

Enzym xuc tic phan Gmg chuyén quan 13 enzym aminoferase (hay transaminase)
nhom nay 1 dan xuét cta vitamin Bé (Phosphopyridoxal).

cZ©
H
HO 7 I c,0(P)
HO -\
N
(Phosphopyridoxal)

So d6 tdng quit ctia phan ting chuyén amin nhu sau:
R, R, R, R,
| | ] |
CH-NH, + C=0 - (|:=O + CH - NH,
| ! |

COCH COOH COOH COOH
(Acid amin) (Cetoacid) (Cetoacid méi)  (Acid amin méi)
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Qua trinh xay ra c¢6 su tham gia cuiia phosphopyridoxal (vitamin B,) nhu sau:

R-CH-COOH R-CH-COOCH
I il
NH, F 0
acid amin HC=N~IG-I

] COOH
o Tl N L
%
C H,C™\
CH N HO mo@

HO CH,0
H,C N
(Phosphopyridoxal) (Phosphopyridoxamin)
R'- CH - COOH R'- C- COOH
. |
NH,
(Acid amin mdi) (Cetoacid)

Trong co thé dong vat thuong gip 2 loai enzym chuyén quan. Do la: GOT:
Glutamico - Oxaloacetico - Transaminase.

GFT: Glutamico - Pyruvico - Transaminase.

COOH ClIOOH COOH COOH
(:CHz)z + FHz GOT ((::Hz)z + (::Hz
proNe 70 70 T
COOH COCH COOH COOH
(Acid glutamic) (Acid oxaloacetic) (Acid cetoglutaric) (Acid aspartic)
(IZOOH ?H, (lfOOH ICI-I,
(ICHz)z + |C =0 GPT (FHz)z + C|3HNHz
CHNH, COOH ' Ic =0 COOH
COCH COOH

(Acid glutamic) (Acid pyruvic) (Acid cetoglutaric) (Acid alamin)

Hai enzym nay hién nay dugc dung nhiéu trong chan doan bénh:

+ Tim yéu: GOT trong mau ting 1én hang chyc lan.

+ Bénh gan: GPT tang.

Trong co thé sinh vat, nhat 1a thuc vat, acid glutamic va acid a-cetoglutanc chiém

vi tri quan trong vi chung 14 nhan t6 tham gia chuyén quan.
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ICOOH COOH
- |

CH 2 CH

(I ) — (I 2

CH-NH, tNHyvoco c=0

| ]

COOH COOH

(Acid glutamic) (Acid B-cetoglutaric)

Phan g chuyén quan c6 tdm quan trong 16n trong doi séng sinh vat vi thong
qua no sinh vat thu duoc nhiéu acid amin mdi, nhat 1a cac acid amin c6 thé thay thé
duoc. Phan tmg phd bién ¢ thuc vat, & dong vat chi yéu & gan va cac mé bao dang
phat trién.

12.4.3. Phan wng khur carboxyl cua cdc acid amin

Do Nenski phat hi¢n ¢ sinh vat va mo bao dong vat (1876).

Enzym xuc tic phan tng nay 1a decarboxylase c6 nhom ghép 13 dan xuét cua
vitamin B6 (Phosphopyridoxal).

Co ché cua phan Ung nhu sau:
R R
| |
CHNH, Decarborylase 0, + CH, - NH,
|

Tuy loai acid arpm bi khir caroxyl ma amin hitu co c6 tén goi tuong tng.
Vide:  Histidin — 22— Histamin

Tyrosin ——> Tyramin

Acid glutamic —  Acid y-aminobutyric.

Cystein ———> Taurin

Lysin —> Cadavedin

Omitin ———> Putrescin.

Céc quan hitu co trong co thé c6 tinh chét va tac dung khac nhau. Cé nhitng cht
khong doc, ciing c6 nhitng chat rat doc, nhung ¢ nhiing liéu luong nhat dinh lai ¢6 tac
dung sinh hoc can thiét cho co thé. Vi du histamin 12 mot hoat chit dic trung cho cac
qua trinh viém, di Gtng & nguoi va gia suc. Adrenalin, noradrenalin (dan xuét tir
tyramin va tyrosin) c6 vai trd hormon va gian chét than kinh, serotonin (tir tryptophan)
va acid y- aminobutyric (goi tat 1 GABA) ciing la nhiing chat diéu tiét hoat dong dan
truyén xung dong than kinh qua xinap hét strc quan trong. Trong nhitng quan ddc can
nhic dén hai chét thuong c6 trong nhimng qué trinh théi rita, d6 1a putrecin va
cadavedin.
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NHZ-CHz-CHz-CHz-(IiH-COOH 9% , NH,-CH,-CH,-CH,-CH,-NH,

Omitin  NH, Putrecin
NHz'(CI'I2)4'FH'COOH '_) NHz‘(CH2)4' CHz'NHz -
Lysin NH, Cadavedin

Phan ing khir carboxyl cdn c6 & cic cetoacid.

Vi du: O acid pyruvic.

CI:H: -CO, (I:Hs

-0 »  ¢7°
T “H
COOH ' Aldehydtaceti

Céac quan hitu co hinh thanh trong co thé s& dugc khir doc bang cach oxy hoa
thanh acid hiru co.

R R
I +0,->H,0,+ |
CIiz'NHz CI'I = NH
+ IWOZ
o MO, rez O _2 % r-cooH
CH=NH -NH; H

12.4.4. Sw théi riva protein do vi khudn & rudt gia

Trong qué trinh ti€u hod protein bao gio cling con mot lugng khoang 2 - 3%
protein khong sir dung hét dugc dua xudng rudt gia. & day sd luong vi khuan vo cung
16n s& gay théi rita cac cin ba thirc dn thanh cac quan hitu co va cac thanh pham khac
c6 tinh doc. Ngoai cac quan hitu co ¢o tinh doc nhur di xét & trén ta con gip mot sb
loai nhu sau:
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OH OH

CH,
/ / + C|,2=O + NH,
COOH
NN NN
CH,-CH-COOH (Phenol)
CH, OH
(Tyrosin)
N\
CH, (Cresol)
7 4 - OH
2 CH,-GH-COOH ‘ > l l
$ \ NH, N N
N\ J/ NH NH
NH
(Indol) (Indocyl)
(Tryptophan)

(Scatol) (Scatocyl)

T4t ca cac san pham trén 14 chat doc, chung thdm qua vach rudt vao mau giy tac
hai cho co thé. Py 1a hién tuong trang doc thudng xuyén cua co thé va 13 nguyén
nhan lam cho dong vat gia nhanh trudc thoi gian.

Metnhi-cop da dé nghi dung stra chua (c6 acid lactic) dé han ché hoat dong cua vi
khuan gy théi rita nay. Cac chét trén ngdm qua vach rudt vao mau vé gan va dugc
khir doc bang cach lap cac hop chit kép véi acid sulfuric va acid glucoronic.
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H OH. ‘ (Febolsufuric)

/
C \
H - 1Ca CH O~
)
,HO- C-H 0. 2~ \\H - COHI
H - ?- CH HO- C H O
H-C X\ ~/H - C-0OH |
COOH H- c—
CH, SooH
(Cresolglucoronic)
@ -OH +sto4 Hz . -O-SO,H
(Indocylsulfuric)

(T e '
— N o JH

Wm, HC-OHI 7 l ~——c

+HO-C-H O CH. H . ¢.OH
] \N 3 ,
H-(|I-OH| . HO-C-H 0
H-C " H- C-OH |
~ COOH H. C —
|
COOH
(Scatocylglucoronic)

Loai chét kép nay khong doc duoc thai ra ngoai theo nudc tiéu dudi dang mudi K
va Na. Day 1a nhimng chat indican.

Ngay nay, nguoi ta da chan doan bénh bang cach phan tich luong indican cia
nudc tiéu dé xét sy phan huy cua protein ¢ rudt gia nhiéu hay it.

12.5. SU'BAI TIET CAN BA CUA QUA TRiINH TRAO POI PROTEIN

San pham cua qua trinh phan giai protein va acid quan 13 cac acid hiru co va
NH3' Acid hitu co s& chuyén ho tiép qua chu trinh Krebs dén CO, + H,O va cho ning
luong.

Con amoniac trong co thé dugc hinh thanh do qua trinh khir quan cua céc acid
amin, goc kiém phéan va pynmidin va ATP cua co.

Amoniac ¢ dang ty do rat doc ddi véi co thé. Trong mot ngay dém luong
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amoniac sinh ra trong ngudi 1én toi 19,4g. Nhung thuc té & dich bao lai gap rét it,
trong nudc tiéu chi ¢6 0,3 - 0,5g% & dang mudi.

Amoniac s& duoc thai ra ngoai theo nude tiéu dudi dang hop chat khong doc. &
mobi loai dong vat tuy thudc vao hoan canh sdng, tuy thudc vao cau tao co thé don gian
hay phuc tap, ma co thé dong vat sé bai tiét NH; dudi nhiéu dang khac nhau:

- O nhiing sinh vat don bao hodc da bao don gian sdng trong méi truong nudc,
ton NH+4 c6 thé duoc tiét thang ra ngoai qua vach té bao, vi & nudc né dé hoa tan.

- Nhom ludng thé tiét muodi mudn khi con la nong ngc song trong nude, nhung
khi la éch nhai song trén can, chiing lai chuyén sang bai tiét uré 1a chinh.

- Nhitng dong vat dé trimg nhu chim (gia cam) va loai bo sat, chu yéu bai tiét
muodi mat vi san pham nay khong chiém mat nhi€u nudc cua co thé.

O c4 chét tanh trimetylaminoacid ((CHs); = N = O) ciing duoc coi 12 mot chat bai
tiét chira Nito. Nude dai nhién chira guanin.

- O dong vat loai c6 vu, trong nudce ti€u co ca 3 loai san pham chira Nito bai tiét,
do 1a uré, mudi mat, caic mudi mudn va mdt vai hop chat nira.

Tat ca di€u nay cling mudn nodi 1én sy thich nghi cua co thé véi ngoai canh. Sau
day ta xét sy chuyén hod ciia NH3 thanh c4c san pham can ba bai tiet.

12.5.1. Qud trinh tong hop uré chu trinh Ornitin

* Thanh lap carbamin - Phosohat

| /NHz
Syntetase ~ _
CO, + NH, + ATP C\- O |
O-®)
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* Thanh lép Citrulin

NH, ~ NH
NH, N, - (G, Cs0  , C-OH
C=0 + CH - NH, -HPO,  NH NH
O-(® COOH (C|H2)3 (CI:H2)3
(Ornitin) CHNH, CHNH,
COCH COOH

* Citrulin két hop vdi acid aspartic thanh hop chdt trung gian argino-sucxinic

NH NH C|IOOH

é -OH COOH — NH—CH

I!IH + CIZH -H,0 I!IH (IIH

| ; 2 . P
(Clﬂz):s 2 ( i 23 COOH

(IZHNH, éOOH ICI'INI-Iz

COOH (Acid aspartic) COOH

Sau d6 argino-sucxinic d& phan gidi thanh arginin va acid fumaric.

NH COOH c-NH, COOH

1 | | *NH ]
p—m—@ W

R I SR
(CIZHZ), COOH CIZHNH, COOH
CHNH, : COOH

COOH (Arginin) (Acid fumaric)

* Phdn itng thuy phdn arginin tré lai chdt ornitin

#NH,
C~ NH, (CH. NH
I NH 2 ( y 2)3 p 2
NH Arginase CHNH + C=0
I _— [ 2 ~N
(CHy), +H,0 COOH NH,
|
(IZHNHZ (Omnitin) (Ure)
COOH

Uré duogc hinh thanh ¢ gan theo mau dén than va bai tiét ra ngoai theo nudc tiéu,
md hoi hodc hoi thé.

Tom tat so d6 tong hop uré (hay chu trinh Omitin) nhu sau:
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AXxit aspartic

Cm/\[

Argino-sucxinic

NH, + CO, +ATP, Axit fumaric
Carbamin-(P)

\

Ornitin Arginin
Nuéc tiéu
oM Than < s o
N Hoi thd

12.5.2. Sw bai tiét amoniac dwéi dang muéi amén

Trudc hét amoniac lién két véi acid glutamic hodc acid aspartic tao thanh cac

amid.

COOH gO-NHA

((lle)z (<“THz)z'
fHNHq <|3HNHe
COOH +NH, —»  COOH

(Acid glutamic) (Glutamin) > ion amon ..
Goor co-2v
. "
?HNHz <|3HNHz
COOH _ COOH _/
(Acid aspartic) (Asparagin)

Céac amid ndy duoc dua vé gan va giai phong amoniac duéi dang cic con muédn
(NH" ). Sau d6 cac con muén lai lién két vi cac acid dé tao thanh cac mudi mudn
tlIO’l'lg l:l’l'lg nhu (NH4)2SO4, (NH4)2PO4

Cac mudi trén s& duogc bai tiét ra ngoai theo nudc tiéu.

12.5.3. Sw bai tiét amoniac dwdi dang acid truc

O céc loai chim va bo sat xudt hién kha ning bai tiét chat cin ba ctia qua trinh
trao doi protein dudi dang acid uéc.

Qua trinh thanh 13p acid udc nhu sau:

Amoniac két hop vé6i acid glutamic tao thanh dang anud 1a gitt nhun (xem phia

truc). Chét nay cing v6i cac chat khac nhu acid aspartic, glycine, acid formic, Co2ta(
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thanh dang goc kiém purin. Sau d6 gbc kiém phan sé& phan giai dé cho acid uéc.

Rl
N ‘ N
QA \' OH
N NH N N
(s @ 1
N 7 | V N NH
- A (Hypoxantin) (Xantin) (Acid uric)
° N NH
(Guanin)

Ngoai ra, acid nyc con dugc thanh 13p tir cac goc ki€ém phan cua qua trinh trao
do6i acid nucleic.

Acid udc hinh thanh s& lién két v6i Na, K tao thanh cac mudi mat. Do 1a nhirng
chat kém hoa tan trong nudc, cho nén trong nhitng truong hop bénh 1y, cac mudi nay
dong nhiéu & ving khép sun 1a mot dién hinh ciia bénh thong phong hay con goi 1a
bénh "gat", & than co thé tao nén soi than.

I4
eoe e K

O mét s6 dong vat, acid udc ¢ thé bi phan giai tiép thanh alantoin (trdu, bo, rua,
nhuyén thé...); acid alantoic (mot sd loai c4). Acid alantoic dé bi phan huy tiép bdi
enzym alnatoinase dé bién thanh uré.

OH O '
N/ N——N BN ¢- NI, NH,  NH,
| l — 0=C_ CHC=0 C=0COOH C=0 2 C=0
NA NH  NH- cH- NH © NEH,
o N\ /  OH
N NH . o .
(Acid uric) (Alantoin)  (Acid alantoic) (Ure)

12.6. SU CHUYEN HOA CUA CAC NHOM PROTEIN PHUC TAP
Protein phtic tap bao gdm 2 thanh phan:

- Phan protein don gian.

- Phan nhom ghép.

Phan protein don gian ching ta da nghién ctru & trén. & ddy chiing ta chi xét sy
chuyén hoa ctia nhém ghép.

Ta xét mdt vai dai dién chinh ctia nhém protein phuc tap.
12.6.1. Sw chuyén hod ciia chromoprotein

Chromoprotein la nhoém protein phirc tap mang mau sac vi nhom ghép cua no
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thuong c6 nguyén tir kim loai.
Pai dién dién hinh ctia nhém nay 14 hemoglobin.

Trong co thé dong vat ludn ludn co qua trinh san sinh hong cau méi va pha huy
hong cau cii. Noi hinh thanh hong cau 1a tuy xwong.

12.6.1.1. Qud trinh tong hop hemoglobin
Hemoglobin gdom 2 phan: globin va nhan hém.

Nhén hém 14 hop chét c6 4 vong pyrol ndi v6i nhau bang day metyl (-CH=) tao
thanh ¢t porfirin. Cot porfirin két hop véi nguyén tir Fe*" tao thanh nhan hém.

Do d6 chu yéu ¢ day 13 xét vong pyrol xuét hién nhu thé nao?
O tuy xuong, nguyén liéu dé téng hop pyrol 13 acid sucxime hoat hoa va glycine.

Ma & dong vat acid sucxtinc la san pham cua chu trinh Krebs va mot s6 vong
chuyén hod khéc; con glycine la mot acid amin thay thé dugc cho nén ching c6 sin
trong co thé

COOH COOH (IZOOH
| 1
CH, + CH,-NH, (CHy), (|CHz)z
| [ ]
CH, COOH —— cl: =0 _~CO ?o
I
CO~SCoA CHNH, CH, - NH,
COOH ;
(Sucxinyl-CoA)  (Glycin) (Sucxinylglycin) (acid 8-aminolemolinic)
Timg cap acid trén s€ lién két v6i nhau:
COOH COOH C|IOOH (IZOOH
| |
CH, (C|3Hz)z ?Hz ((|3Hz)z
|
CH 0=C H,O C——C
I | —= i
C=0 CH C CH
| e / N\
(IIH2 H,N H,C .NH
NHz NII2
(Profobilinogen)

Bon profobilinogen lién két véi nhau theo day ndi metyl tao thanh cét porfirin.

Sau d6 cbt porflrin két hop véi Fe* tao thanh hém.

12.6.1.2. Sy phan giai hemoglobin

Héng cau song khoang 1 10 - 120 ngdy, sau d6 hong cau gia duoc dua toi hé

théng ndi mac hinh ludi (cha yéu 13 & lach) dé phan huy.



Duéi tac dong cua enzym thuc bao, hemoglobin trong hong cau bi dit mot day
nbi metyl 1am cho vong porflrin v& ra bién hong cau tir mau dé sang mau xanh (goi 1a
verdohemoglobin).

Sau d6 hong cau bi phan huy thanh 3 phan: globin, sit va porflrin. Mdi phan sé&
c¢6 cach chuyén hoa riéng.

* Globin: 1a protein don gian s& chuyén hoa theo con dudng cua cac acid amin.

* Sit: 13 nguyén t6 hiém trong co thé va thirc dn nén duogc gitt lai dudi dang
feratin (Fe*- globulin) va feritin (Fe’- globulin) & gan va tuy xuong. Luc can no lai
dugc dung dé tong hop nhan hém.

* Vong porflrin.

Vong porflrin bi dit mdt day metyl goi 1a biliverdin. Biliverdin dugc hoan
nguyén (+H2) try thanh sac t6 mat biltrubin. Biltrubin dugc dua ra mau, chd téi gan. &
gan, n6 két hop voi acid glucoronic tré thanh dang hoa tan va tap trung & tii mat. Tir
mat biltrubin dugc bai tiét theo 6ng mat ra rudt.

O ta trang biltrubin bién thanh mesobilinogen (khéng mau). Mesobilinogen di
theo hai con duong.

- Thanh chét stercobilinogen — stercobilin thai ra ngoai theo phén.

Thanh chét urobilinogen. Chit nay thAm qua vach rudt vao mau. Trong méau né di
theo 2 con dudng hoic t6i than bién thanh urobilin va bai tiét theo nudc ti€u (gdy mau
vang ctia nude tiéu); hodc trd vé gan vé dang bilirubin.

Tat ca cac trang thai suy yéu vé sitc khoé déu lam v& hdng cau hemoglobin bi
phan giai manh.

Trong truong hop bi viém gan, qua trinh tiét mat bi rdi loan, hodc tic 6ng mat do
san 1a... déu lam cho bilirubin tran vao mau va duogc mau chd téi mo bao giy hién
tuong vang da hodc nude tiéu vang.
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SO bO PHAN GIAI HEMOGLOBIN

Hemoglobin

Porfirin
l -CH,
Biliverdin
l +H, (hoan nguyén)

Bilirubin
I

!

Mau

!

Gan( + acid glucoronic)

l 6ng mét

Rudt

!

Mesobilinogen

/’
| T~

Globin (chuyén hod theo con dudng céc acid amin)

Fe (giff lai dé téng hop nhan hem)

H -
Stercobilinogen "—2p  Stercobilin (phan)

Urobilinogen

12.6.2. Sw chuyén hod ciia nucleoprotein

Vich rut
—>

Mau

Than - Urobilin(thai
ba

3:heo nudc tiéu)

Gan — Bilirubin

Nucleoproteid khi vao dudng ti€éu hoa gdp pepsin va HCI ¢ da day, trypsin ¢ ta
trang thi phan protein sé& tach khoi phan acid nucleic. Phan protein s& bién thanh cac
acid amin. Con phan acid nucleic dugc enzym nuclease phan giai thanh gdc kiém,
duong pentose va H3PO4' Puong va H3PO4 chuyén hoa theo con duong ma ching ta
da nghién ctu.

O day ta chi nghién ctru su chuyén hoa ctia goc kiém. Goc kiém c¢o trong acid

* Sw phan giai goc kiem purin

nucleic gom goéc kiém phan va gdc ki€ém pyrimidin.

12.6.2.1. Sy chuyén hod cia goc kiém purin

Dan xuat ctuia goc kiém phan 1a adenin va guanin. Hai chat nay bi phéan giai thanh
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hypoxantin, xan tin va acid truc.

OH O'H OH
N NH
Adeni \N N NT N7 N
f) - e —| | [— | |
OHd N \/ OH N \/ -OH
N 2 ' l N N NH N NH N NH
QAL (Hypoxantin) 7 (Xantin) (Acid uric)
H,N : Dang bai ti€t cia
NH chim v2 gia c4m

Dong vat cao déng (ngudi va khi) tiép tuc oxy hoa acid uric thanh alantoin.

OH (')H
1 N G o B
—’ a—
-, / /
) | oOH NN
OH OH
N NH
(Acid uric) (Alantoin)

O loai ¢4 va éch nhai alantoin lai tiép tuc phan huy dén dang CO, va NH; dudi
tac dung cua enzym alantoinase va urease.

OH
|
H,N C-N H,N NH, 0]
] [ H.O | l /
C C C-OHf—po:C COOH C=0 C - COCH
/s N N/ | i | \
HO N NH NH -CH - NH H
(Alantoin) (Acid alantoic) (Acid glyoxylic)
NH,
Urease 4
CO,+HO ——— C=0
\
NH,
Ure
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* Tong hop goc kiém purin

Bang phuong phap nguyén tir danh dau ngudi ta di ching minh ring goc kiém
phan duoc téng hop tir glycin, acid glutamic, acid aspartic, acid fomuc va CO, ma chat
dung ra 1am nén méng 14 riboso-5-phosphat.

GCs

Nl/ \Fs II‘Tv

G G G
Ny \N,/

N,, N; 1a ctia acid glutamic
N; 12 ctia acid aspartic

N,, C,, C; 1a ctia glycin.
C,, G; 1a ctia acid formic.
Csla cia CO,

12.6.2.2. Sy chuyén hoa cua goc kiém pynmidin.

* Sw phan giai goc kiém pyrimidin

Dan xuét ctia goc kiém pyrimidin 1a thymin, uraxin va cytosin. Cac dan xuét do
c6 thé phan giai thanh uré, CO,; acid oxalic hodc mdt s6 sdn pham khéc.

o)
~ NH,
HN / —» C=0 +CO, + I
\NH, COOH
N V4 (Ure) (Acid oxalic)
NH ‘
(Uracin)
o
/\ -CH
N 3
I 2 NH, COOH COOH
NH — CH CH,
N
(Thymil)

* Sur tong hop goc kiém pyrimidin

Géc kiém pyrimidin dugc tong hop tir CO, va NH; (dudi dang carbanun-
phosphat) v6i acid aspartic.
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o) O
n

NHH HOOC c C
7~ ] HPO 7\
C=0 CH, " HN GH, > HN CH
o- @ CHNH HO ' c CH-COOH c c-coou
COOH J NH o N

(Carbamin-phosphat) (Acid aspartic) (Acid dihydroorotic) (Acid orotic)

'@

HN ‘ -coz WG{ +CH W -CH,
. COOH
0

NH
(Acid orotic) (Uracil) (Thymin)
12.7. SUPIEU HOA QUA TRiINH TRAO POI PROTEIN
12.7.1. Thong qua cac vitamin
Boi vi hau hét vitamin tham gia vao nhom ghép ciia enzym.
- vitamin B, - thanh phan nhém ghép oxydase (thuc hién phan tmg oxy hoa).

- vitamin By - tham gia nhom ghép ctia enzym vén chuyén quan va enzym khir
carboxyl.

- vitamin PP - tham gia nhom ghép ctia enzym hydrase.
12.7.2. Thong qua hormon

Pic biét 1a hormon somatotropin cta tuyén yén lam ting cudng qua trinh tich luy
protein.

12.7.3. Théng qua hé than kinh trung wong

Tat ca cac qua trinh trao d6i chat chiu su diéu tiét cua hé than kinh trung wong

12.8. PAC PIEM TRAO POI PROTEIN O LOAI NHAI LAI

Do cau tao cua da c6 ma sy trao doi protein & dong vat nhai lai (trau, bo, dé,
ctru...) ¢6 nhiéu dac diém khac véi cac dong vat khac. Bo 1a:

12.8.1. Loai nhai lai nho co hé vi sinh vit ky sinh ¢ da co ma chung co kha
néng bién Nito phi protein thanh Nito protein

Qua trinh d6 x4y ra nhu sau:
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Ure COOH COOH
|

Mu6i amon | U3¢ NH, (CHy), 2((:142)2 NH,  Acid amin

clia VSV + Cetoacid l
Carbamid C = CI—INH2 Téng hop
' ' Protein VSV
COCH COOH n
Protein cho
loai nhai lai

Céc chat uré, mudi mudn, carbamit... nhd enzym urease ctia vi sinh vat phan giai
thanh amoniac; amoniac dugc chuyén vao nhom cao cua acid a-glutanc va bién thanh
nhoém quan trong phan tir acid glutamic. Trong co thé vi sinh vét acid glutamic chuyén
nhém quan cho mét cetoacid dé tao thanh acid amin méi (théng qua phan tng chuyén
quan). Vi sinh vat ding cac acid amin d6 dé tong hop nén protein ctia ban than no.

Vi sinh vat phat trién ¢ da cd, theo thirc an dugce dua xudng da mui khé. & day do
moi truong toan (pH = 1,5 - 2,5) nén vi sinh vat bi chét di va chinh chung la nguén
protein cung cép cho loai nhai lai.

Ngudn protein vi sinh vat c6 thé dam bao 1/4 luong protein can thiét cho nhu cau
hang ngay cua loai nhai lai.

Ngay nay, loi dung dic diém nay nguoi ta thudng thay thé khoang 25 - 30%
lwong Nito protein cta khau phan bang Nito phi protein (nhu uré, mubi muén...) trong
khau phén trau bo.

12.8.2. Vong chuyén hod nao ciia loai nhai lgi la khép kin nén rit tiét ki¢m

Do qua trinh nhai lai nén s6 luong nuéc bot ciia chung rat 16n (80 - 100 lit/ngay),
lugng uré bai tiét theo nudc bot cling kha 16n. Luong uré nay khi nua tr¢ lai da cé lai
duoc xir Iy nhu uré bo sung theo khau phan.

D6 1a vong chuyén hoa nao khép kin & loai nhai lai va 1a nguyén nhan tiét kiém
dam & ching.

Tiéu hda Acid

Protein N NH; < Ure < Ure
e i ’ lén miéng
Xubng da phéén ing
Protein cho mii kh€ protein Acid amin huyén amin NH Ure
DVnhaila € VSV < vsv ° 3 Xubng dacd
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Chuwong 13
QUA TRINH SINH TONG HOP PROTEIN

13.1. Y NGHIA CUA SINH TONG HQP PROTEIN

Sinh tong hop protein 1a mot van d& mau chot trong sinh hoc phan tir, vi protein
cung voi acid nucleic 1a chét liéu co ban cua su séng. Trong co thé sinh vat, phan tir
protein luén ty d6i méi, ching duoc xay dung mot cach thudng xuyén tir cac chat cua
moi truong xung quanh. Vi thé, 18 tat nhién trong ban chat sy séng, toan bo tién trinh
trao doi chét déu phuc vu cho sy téi sinh déac hiéu cua thé protein.

Moi qué trinh trao d6i khac trong co thé sinh vat nhu trao ddi glucid, lipid, acid
nucleic va trao d6i khoang... déu phuc vu cho sy trao ddi protein.

Céc loai protein thirc an an vao s€ duoc co thé dong vat su dung, bién doi thanh
san pham cta chung. Hiéu suat ma dong vat cai tao lai protein cua thic an gia stic
khong cao, n6 phu thudc vao loai gia suc, mirc san lugng, k¥ thuat nudi, thoi gian s
dung chung kéo dai va nhitng diéu kién khac. Nhin chung, hé sé st dung protein thirc
an cua gia suc thay doi tir 8 - 45%.

Trong sinh hoc, chiéu hudng giai quyét cac van dé quan trong nhat ctia khoa hoc
sinh vat, viéc lam sang t6 cac dinh luat di truyén va bién di, viéc diéu khién sy sinh
truong va phat trién cta co thé, sy tim toi nguyén nhan bénh tit va phuong phap chira
bénh... déu tap trung vao sy nghién ctru tong hop protein.

13.2. QUA TRINH SINH TONG HQP PROTEIN

Trudc tién ching ta nén nhd rang protein dugc cau tao tur cac acid amin. B¢ 1a
nhirng vién gach nén mong xay dung nén phan tir protein.

O co thé thuc vat ¢ thé téng hop duogc hau hét cac acid amin trong phan tr
protein cling nhu cac acid amin khéac. Nguoc lai, co thé dong vat khong thé téng hop
duoc tat ca cac acid amin. Do dé thuc dn cho dong vat bac cao can chura du cac acid
amin can thiét. Cac thanh twu khoa hoc protein trong nhiing nim gan ddy di c6 anh
hudng rat 16n dén sy phat trién ctia nhirg khai niém vé co ché sinh tong hop protein.

Vé mit 1y thuyét, ngudi ta da hiéu rd phan quan trong nhat ciia sy sinh tong hop
protein ddc biét 1a viéc dam bao trinh tu sép xép cua cac acid amin trong cAu tric bac 1
cua phan tir protein.

Céc thanh tuu to 16n trong nghién ciru cdu triic va co ché sinh tong hop acid
nucleic cling dong vai tro vo cung quan trong trong viéc hinh thanh céc khai niém hién
dai vé co ché sinh tong hop protein.

Vi thé sinh tong hop protein 1a mot qua trinh phtic tap gdm nhiéu giai doan, gan
lién v&i cac ciu trac dudi té bao duge xac dinh nhu nhan, hat nhan, mang ludi nodi bao,

219



ribosom... sinh tong hop protein 13 mdt qua trinh dugce diéu tiét c6 hé thong va can
thiét phai cung cp niang luong.

Néu xem xét ddy du thi qua trinh sinh tong hop protein trai qua 2 budc 16n: sao
chép va giai ma - mdi budc lai c6 nhiéu giai doan. Ta hinh dung toan bo 2 budc & té
bao c6 nhan nhu sau:

* Nho tac dung cua ARN-polymerase, cac ARN dugc tao thanh theo khuon la
mot sgi ADN, mdi doan ctia soi ADN d6 1a mot den va ing véi mot phan tor ARN nhét
dinh, ARN ribosom dugc tao thanh dya trén doan ADN qua hat nhan, con ARN thong
tin va ARN hoa tan (van chuyén) duoc tao thanh dua trén khuon la cac doan ADN
ngoai pham vi hat nhan.

* Sau khi duoc tao thanh thi M-ARN, T-ARN, R-ARN duoc chuyén ra bao
twong cung voi hang loat cac yéu t6 khiac nhau tham gia viéc tong hop chudi
polypeptid ¢ ribosom.

So do tong qudt vé qud trinh sinh tong hop protein ¢ té bao c6 nhan:

[~ Nhan
> Hat nhan
) \_~ ADN
3 v  —t» ADN trénnhan
t-ARN r-ARN  m-ARN

Acid amin

Acid amin t-
Protein

Trude hét chung ta hay xét ciu tao va mot sd dic tinh co ban cua cac yéu td
chinh.

13.2.1. Céc yéu té tham gia qud trinh tong hgp protein

13.2.1.1. Acid desoxynucleic (ADN)

ADN tap trung chu yéu trong nhéan t& bao va 13 thanh phan co ban cta nhidm séic
thé Trong mdi loai té bao cua nhimg co thé nhat dinh, ham lvong ADN khong thay
d6i. V& mit cdu tao hod hoc ADN 1a mot polynucleotit bao gébm nhiéu gbc
mononucleotit ndi v&i nhau theo mot thir tu nhat dinh. Tha tu sép xép cua cac
mononucleotit trén phan tir ADN tuong tng véi thir tu sap xép clia cac acid amin, mdi
mot acid amin dugc ma hoa bﬁng mot mat ma bao gém bd 3 nucleotit nhat dinh goi la
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con don. Mdi mét chudi polypeptid duoc mi hoa bdi mdt doan ADN duoc goi 1a mot
xistron hay den cdu trac. Chinh trén ciu tric diéu khién sy sinh tong hop chudi
polypeptid ma né ma hod thong qua su tao thanh M-ARN.

Gen cdu triic = m-ARN — chuéi polypeptid

Nhu vy, théng tin cia chudi polypeptid duoc bao quan trong den ciu trac va
nguoi ta dd dua ra cong thirc ndi tiéng " 1 gen- 1 chudi polypeptid".

Nhiéu den cau tric lién quan v6i nhau vé chue phén, chiu sy di€u khién chung
cua mot dén di€u hanh. Toan b cac thong tin vé cac protein dic hi€u cua co thé dugc
bao quan trong cac den cau truc cua ADN.

Khi dén diéu hanh & trang thai hoat dong thi cac den cau triic ciing & trang thai
hoat dong va su tong hop M-ARN twong ung xdy ra véi su xuc tic cia ARN-
polymerase. M-ARN nay s& tham gia truc tiép vao qua trinh tong hop cac protein
tuong ng.

Té bao ludn can nhing s6 lugng nhat dinh cac protein va ludn c6 khuynh huéng
bao dam nhu ciu d6 khong thira, khong thiéu. Viéc d6 duoc thyc hién nhd dén didu
hoa.

P P o} S, S, Se
aon[ ][] Q_IEI = 1=_1=[1
v AP v v v
m-ADN —— o m-ADN
o ¥ ¥ ¥
R E1 Ez Es
Mo hinh cac den ctia phan tot ADN
R - Gen diéu hoa R'- Chat kim ham
P- Gen khai dong O- Gen diéu hanh
S1, S,, S3- Gen céu trac AP- Polymerase

E,, E,, E;3- cac enzym

Bén canh do, phan tr ADN con c6 su tai sinh hay
1a sy nhan do6i. Su nhan d6i phan tir ADN xay ra khi té
bao chia va nho ADN-polymerase, ngay nay nguoi ta
thira nhan sy nhan d6i phan tor ADN theo co ché ban bao
ton: Mdi soi ADN duoc dung lam khudn cho sy tong
hop soi ADN thir 2 b6 sung véi né theo qui ludt bo sung
gbc kiém (qui lut ddi bazo T-A; G-X).

Toéom lai, sy van chuyén thong tin di truyén coO hai
hudng:
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- Nhan d6i ADN (su sao chép) va truyén cic thong tin bao quan trong ADN cho
thé hé sau.

- Truyén thong tin qua ARN t&i qua trinh tong hop protein.

D6 1a 1y thuyét trung tim go Cach dé xuat (1958) duoc biéu dién bang so dd sau:

T ipt .
Nhan d6i - ADN z—————=="——> ARN — Protein
Transcriptase nguoc
Sao chép Phién dich

13.2.1.2. Cac dang acid nbonucleic (ARN)

Trong qué trinh tong hop protein trong t& bao sinh vat con c6 su tham gia cia
mét sb loai phan tir ARN khac nhau. Mdi loai déu c6 cu tao hoa hoc khac nhau va
dam nhan mdgt chirc nang sinh hoc riéng biét.

* ARN thong tin (M-ARN)

M-ARN chtra sy thong tin, torc 12 mat ma twong tng mot cach nghiém ngét voi
mat ma cua ADN.

Phén tir M-ARN phan ra thanh cic nhém gém 3 nucleotit, cac bd ba (triplet) nay
duoc goi 1a codon.

Mdi mét acid amin twong tng vé6i co don ctia minh trén M-ARN va dbi co don
(anticodon) dac biét trén T-ARN. Cac T-ARN dic bi¢t ddi voi mdi mot acid amin. Céc
acid amin dugc hoat hoa ding doi 1ap vdi cac co don tuong ung cia M-ARN nho
anticodon ciia minh. Viéc gin cac acid quan trén khuon trong nhing vi tri nhat dinh
phu thudc vao su lién két cia m&i mot acid amin voi T-ARN cua minh, bd ba bd sung
ctia n6 chiju trach nhiém sip xép mot cach chinh xac gbc acid quin trén khudén M-
ARN. Céc cong trinh nghién ciru ciing ching minh rang mat ma co thé bi thoai hoa
(degenarate co don) néu nhiéu co don c6 thé c6 déu tuong tng véi cac acid nhun. Mat
mi khong chdng chéo 1én nhau, nghia 13 cac nucleotit c6 trong mét triplet nhat dinh s&
khong tham gia trong céc triplet bén canh, mat ma duogc doc hen luc tor mdt diém nhét
dinh.

* ARN hoa tan hay vin chuyén (S-ARN, T-ARN)

Chung lam nhiém vu van chuyén cic phan tir acid amin dén dia diém sinh tong
hop Protetri. Nhi¢m vu nay dugc hoan thanh chinh 1a nho cAu trac dic biét trén phan
tr s-ARN. Trinh tu ctia cc bazo, Nito trén phéan tir t-ARN lan dau tién di dugc Robert
Holley x4c dinh vao nam 1965.

t-ARN hoan thanh 2 chirc ning co ban: gin véi cac acid amin nhat dinh va két
hop véi co don cia m-ARN bang cac Lién két hydro nhd bo ba gde kiém dic hiéu 1a
anticodon c6 trén n6. Trong cau tao ciia t-ARN c6 chira cac goc kiém hiém (trung binh
10 -12 géc kiém hiém trén mot phan tir t-ARN). Sy ¢6 mat cua cac géc kiém hiém lam
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cho phan tir t-ARN bén viing khi c6 mit enzym nuclease. Pong thoi né 1am cho phan
tir t-ARN ¢6 cdu trac ché ba (hinh hoa thap.tw) von ngin can sy hinh thanh vong xoin
kép ctia t-ARN.

* ARN ribosom (r-ARN)

r-ARN dugc tong hop trong nhan dua trén khuon ADN duéi tac dung cia ARN-
polymerase. r-ARN chiém khoang 80 - 90% tong s ARN trong té bao. Chét tién than
ctia r-ARN 14 hop chét cao phan tir, ky hiéu 1a r-ARN 45S.

Trong hop chat ndy co chta trinh ty nucleotit ctia ca r-ARN 28S va cua ca r-

ARN 18S.
So d6 tong hop r-ARN tir khuén ADN nhur sau:

AND khu6n ARN 458 - ARN 28S
Metyl héa ,
- - ——
( T
ARN 183

Protein ribosom dugc tao thanh trong nguyén sinh chat va chuyén vao nhan, tai
day chiing lién két v6i chat tién than cia r-ARN.

* Ribosom. 1a bd may sinh téng hop protein. V& mit cu tao, ribosom dugc tao
thanh tir 2 tiéu phan 16n va nho. Hai tiéuphan nay chi twong tic v6i nhau khi c6 mat
ton Mg>". cac tiéu phan dugc tao nén bdi phan tir r-ARN va Protein. Giita 2 tiéu phan
c6 dudng rinh dé tiép nhan va gin m-ARN (khoang 8 mi cia m-ARN nam trong rinh
do). - ¢ tiéu phﬁn 16m, c6 2 vi tri: vi tri antinoacyl hay vi tri A lam nhiém vu tiép nhan
aminoacyl-tARN; vi tri peptidyl hay vi tri P lam nhiém vu tiép nhan peptidyl-tARN
trong qua trinh chuyén vi. Ngoai ra con c6 cic vi tri gan cac yéu té mo dau, yéu t6 kéo
dai va yéu té két thuc.
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Tiéu phén I6n
Aminoacyl-tARN

111 LLL mARN
QVLD t—lDuc‘mgrinh

Cécmi
b4
- Tiéu phdn nho

- O ribosom 70S ciia E.con c6 tiéu phan 16n 50S (R50S) trong lugng phan tir 1a
18.10° va tiéu phan nho 30S (R30S) trong lugng phan tir 10°.

Tiéu phan 508 chira 1 phan tir -ARN 23S va 1 phén tir -ARN 58S va khoang 34
protein khac nhau.

Tiéu phan 30S chira 1 phan tir R-ARN 168 va 21 protein khac nhau.
& té bao nhan ribosom 80S c6 2 tiéu phan:
R80S — R60S + R40S
R60S — r-ARNSS + r-ARN7S + r-ARN 28S.
(2,7.10% + > 50 protein
R40S — r-ARN18S + trén 30 protein
(1,3.10%
- Cac enzym tham gia qua trinh sinh téng hop protein
+ Aminoacyl-tARN syntetase.
+ Peptidyl - transferase.

+ ARN - polymerase.

Ngoai ra, cac yéu tb mé dau (IF), yéu t6 kéo dai (EF) yéu t6 két thuc (RF), cac
hop chat giau ning lugng ATP, GTP va cac con Mg®", NH™ ciing nhu sy ¢6 mit cia
20 acid amin déu khong thé thiéu dugc trong qua trinh sinh tong hop protein.

Chung ta c6 thé tom tit cac yéu t6 tham gia sinh tong hop protein nhu sau:

Céac yéu to Vai tro

ADN Bao quan thong tin di truyén va déu khién su tong hop protein
theo so d6: ADN <> ARN — Protein

M-ARN Ban sao cua cac den ciu tric cia ADN, lam khudn mau cho su
tong hop protein ¢ ribosom

R-ARN Cung véi cac protein nbosom tao nén nbosom noi xdy ra qua

trinh sinh tong hop protein
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T-ARN Van chuyén acid amin dén ribosom va doc ma & M-ARN theo qui
tdc ma - d6i ma
Enzym - ARN-Polymerase xuc tac cho sy tong hgp cic ARN theo khuon

la cac doan ADN tuong ung...

- Aminoacyl-tARN syntetase xtic tdc cho su tao phirc aminoacyl-
tarn.

- Peptidyl-transferase xtc tic cho su tao lién két peptid giita cac
acid amin

Nang luong | - ATP can cho sy hoat ho4 céc acid amin

- GTP can cho sy gan aminoacyl-tARN vao nbosom va chuyén vi

Mg** Can cho hoat déng cta aminoacyl-tARN syntetase va cho sy 6n
tinh cua ribosom

20 acid amin | Nguyén liéu cho sy tong hop protein
thuong gap

13.2.2. Cdc giai doan sinh tong hop protein

Qua trinh sinh téng hop protein gém 4 giai doan:

- Giai doan hoat hoa acid amin.

- Giai doan m¢ dau chudi polypeptid.

- Giai doan kéo dai chudi polypeptid.

- Giai doan két thuc chudi polypeptid.

13.2.2.1. Giai dogn hoat hoa acid amin(xay ra o bao twong)

Giai doan du tién cua sy téng hop la sy hoat hoa tat ca cac acid amin can thiét
(khoang 20 a.a khic nhau) nghia 1 tao thanh aminoacyl-tARN. Dién ra qua 2 budc:

- Budc 1 : Tao phirc aminoacyl-adenylat :

acid amin + ATP &—— aminoacyl-adenylat + H,P,0,

- Budc 2: Aminoacyl-adenylat + t-ARN — aminoacyl-tARN + AMP
Téng quat:

acid amin + tARN + ATP &—= aminoacyl-adenylat + H,P,0,
13.2.2.2. Giai doan mé dau chudi polypeptid. xdy ra & ribosom
Trudc tién tao phirc hop mo dau gdom R30S + mARN + Fornyl-methionin-tARN
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+ IFy, IF,,IF;,

Cudi ciing phttc md dau két hop voi R50S hinh thanh nén R70S hoat dong va gan
tao ma m& dau trén mARN.

13.2.2.3. Giai doan kéo dai chudi polypeptid (Dién ra & ribosom)

Day 1a qua trinh lép rdp céac acid amin theo mot trinh tu nhét dinh d dugc ma
hoa & M-ARN dé tao thanh chudi polypeptid dic trung. Qua trinh nay dugc tién hanh
qua 3 budc:

- Bude 1 : Aminoacyl-tARN tiép theo s& gan vao vi tri A cta phirc hop ribosom
708S.

Qua4 trinh ndy can ning luong do GTP cung cip, dong thoi c6 su tham gia cia
cac yéu t6 kéo dai EF-T va EF-C, GTP thuy phan thanh GDP va phosphat v co cung
cap nang luong cho qua trinh gan.

- BuGe 2: Tao thanh lién két peptid, luc nay o ribosom di c6 phén tir f-Met-tARN
mo dau & vi tri P, véi sy xtc tac cua enzym peptidyl transferase, lién két peptid duoc
tao thanh gitta nhom NH2 cta aminoacyl-tARN vira ma1 di vao (gia st 1a glycyl-
tARN) v6i nhom COOH ciia f-Met-tARN. Két qua tao thanh dipeptidyl-tARN van gin
& vi tri A. Lién két gitra f-Met va TARN bi cat dat, ning lugng duoc giai phong ra
ding dé tao lién két -CONH-; con TARN mét van gin & vi tri P. C6 thé hinh dung
bude 2 theo so dd sau:

Met-tARN Glycin-tARRN Dipeptidyl-tARN -
/ N 7 N e ~
H ll\IH2
IS-CIrLz-CI-IQ-eI:-Czo H,C-C=0 Met-CO-NH-CH,-C=0
CH, H—fll-NH )
0 HO,

A A N

m-ARN m m Lt i

Qua trinh nay lap di lip lai nhiéu lan, mdi 1an Gng véi mot chu ky kéo dai, tic 1a
g voi sy gan thém mot acid amin vao peptydyl-tARN méi. Trong d6 nhém NH, caa
aminoacyl-tARN mai vao vi tri A gén v61 nhom Co ciia COOH cua peptidyl-tARN &
vi tri P va day TARN ty do ra khoi gbc peptidyl.

- Buoc 3: Su chuyén V1.

Sau khi lién két peptid da duogc tao thanh, peptidyl-tARNgly van & vi tri A cia
ribosom, tmg véi mi tuong tng cua glycin trén MARN. Ribosom di chuyén nguoc lai
v6i vi tri A vé phia co don tiép theo. Do vay peptidyl-tARN glycin chuyén tir vi tri A
sang vi tri P. Nang luong can thiét cho sy chuyén vi do GTP cung cap. TARN fMet
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tach khoi ribosom. Khi d6 vi tri A tréng, mg véi mi cua acid amin ké bén, san sang
tiép nhan aminoacyl-tARN nay va lai bt dau chu ky méi, lién két peptid khac lai duoc
hinh thanh.

Céc chu ky lip rap tuwong tu ctr tiép dién cho dén acid amin thtr n, khi vi tri A cta
ribosom gip co don két thic (stop co don) 1a co don khéng ma hoa cho bat ky acid
amin nao thi sy lap rap dimg lai.

13.2.2.4. Giai doan két thiic chudi polypeptid

Sy tong hop chudi polypeptid duoc két thiic khi trén phan tt MARN xuét hién
cac co don két thuc UAA, UAG hoic UGA.

Khi acid amin cubi cung duoc gén vao chudi polypeptid trén ribosom thi nhom
carboxyl tan cung ctia nd van con lién két voi TARN bang lién két hod tri & vi tri A
du6i dang polypeptid T-ARN. Ribosom lai dich chuyén mét co don va polypeptid-
tARN chuyén tir vi tri A sang vi tri P. Ma két thiic img v&i vi tri A mé va khong c6
aminoacyl- TARN nao vao vi tri A nira.

Céc yéu t6 két thuc R, R, va R; lién két véi ribosom va lam dé dung cho viée
thuy phan lién két este giita polypeptid va TARN. Chudi polypeptid dugc giai phong,
MARN va TARN tach khoi nbosom. Ribosom 70S tu do lai bi phan ly thanh cac tiéu
don vi 30S va 508 va lai c6 thé tham gia vao viéc tong hop mot phan tir protein méi.

Ca 2 giai doan kéo dai va két thuc ctia qua trinh sinh tong hop protein co thé
duoc hinh dung theo so d6 sau:

F.Met F.Met
| I
Gly Gly
1 I
Tyr Tye t-ARN
1

Chudi polypeptid sau khi tach khoi ribosom s& cudn lai dé tao thanh cdu trac béc
2, bac 3... Qua trinh nay xay ra ty dong va dugc quy dinh bdi cAu trac bac 1 caa chudi
peptid. Chudi polypeptid con duge xir 1y tiép bang nhitng phan tng phosphoryl-hoa,
metyl-hoa hodc glucosyl-hoa dé trd thanh nhiing protein c6 chirc nang khac nhau.

Tbc d6 tong hop protein duge xac dinh bang téc d6 dich ma, khoang 1 triplet/1
gidy d6i vé6i té bao E.con. Pé tao thanh mot lién két peptid chi can mot khoang thoi
gian rat ngan va tiéu tén nang lugng cta ba lién két cao nang.

Tém lai, sinh tong hop protein 12 mot qué trinh v6 ciing phuc tap, nhung lai dién
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ra rat nhip nhang va véi toc d6 nhanh chdng trong té bao sinh vat vdi mot co ché sinh
dong va ly thu

C6 thé tom tat toan b qué trinh d6 bang co d6 khai quat sau day:

F-Mct+ARN

DI 25 70y

v ‘Y,

Ti€u phin lién k&t
V6i IF, IF,, IF,

Ribosom 708 kh6ng hoat d4ng

Ribosom 708 : t
hoat d4ng (polysom) /7 / f
Axit amin + ARN
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Chuwong 14
QUA TRINH TRAO POI NUOC VA MUO KHONG

14.1. QUA TRINH TRAO POINUOC

Nudc 1a dung mdi hoa tan cac chat. Nudc trong co thé dong vat ¢ trang thai ludn
ludn trao doi. N6 khong ngimg dugc bai tiét ra ngoai qua hd hap, nudc tiéu, md héi,
phan va dugc dua vao co thé theo con duong thirc in, nude udng. Trong co thé dong
vat truong thanh nude thuong chiém khoang 55-65%, con & dong vat so sinh c6 t6i
70-80% nudc.

Nude trong co thé dong vat truong thanh phan bd ciing khong gidng nhau.

Ham lwong nwdc trong cdc co quan va té bao ciia cho

Co quan, té bao % s0 v6i tong sé nudc trong co thé

Co 47,74
Da 11,58

Ruot 9,68

Xuong 9,08

Mau 8,27

Gan 3,86

Phoi 2,83

Nao 1,59

Nudc tham gia tich cuc vao tat ca cic qua trinh sinh hod hoc cta co thé. Phan tur
protein khac nhau déu c6 cac nhém hoa hoc nhu nhém -OH, = CO, -CHO... lién két
v6i phan tir nude. Vi du nhu lién két v6i albumin co téi 30-40% nudc (tinh theo vat
chit kho cua protein). Su lién két do trong té bao dong vat c6 dang nudc tu do va nudce
lién két. Tham gia vao dang lién két ctia nude & té bao co protein (goi 1a vo thuy hod),
ciing nhu lipid, glucid va mudi khoang. Tuy nhién, ham luong nudc lién két & cac
té.bao khac nhau 1 khac nhau. Vi du, & co ham luong nudée lién két 1a rat it (dudi 1%)
va co thé ting, giam tuy thudc vao trang thai sinh 1y khac nhau.

Ham lugng nudc trong co thé dong vat giam déan theo 1ta tudi. Vi du, & co thé bé
duc so sinh chura td1 75% nude, bé non - 62%, bé truong thanh chi con 52-55% va bé
gia con c6 thé giam nita. Nhu cdu vé& nudc va su phan bd nudce trong té bao thay doi
phu thudc vao thanh phﬁn thirc an, trang thai sinh 1y, hoat dong san xuét... Vi du, thire
an giau lipid ham luong nude trong té bao giam hodc & clru vi mie dinh dudng trung
binh ham luong nudc trong co thé khoang 50-60%, v6i muc dinh dudng cao thi tir 35-
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45%. Co thé dong vat khong thé thiéu nude . Ngua thiéu nude 17- 1 8 ngay sé& chét.

Nudc ubng vao co thé duge hip thu chii yéu ¢ rudt non. Nude di vao dudng tiéu
hoa cung véi cac dich tiéu hoa. & rudt gia xay ra su tai hip thu nuée cua dich tiéu hoa.
Ngoai nudc udng, trong co thé dong vat khong ngimg hinh thanh nuéc do qua trinh
oxy hoa protein, glucid va lipid. Oxy hoa la glucid hinh thanh 0,6g nudc, oxy hod la
lipid cho 1,97g nudc va oxy hoa 14 protein cho 0,4g nudc. Ngudn nude niy c¢6 ¥ nghia
quan trong khi thiéu nuéc udng dai ngay ddi véi dong vat séng & sa mac, dong vat ngu
ddng hay loai con tring ma qua trinh phat trién trai qua giai doan kén.

Ham lwong nuoc trong cac co quan va té bao dong vt

Co quan, té bao % s0 v6i tong s6 nuwéc trong co thé
Té bao xwong 16 - 46
Té bao co 75
Té bao lién két 60 - 80
Nio (chat trang) 70
Nio (chit xam) 84
Gan 70
Thén 80
Mau 85

Nhu ciu vé nudc ¢ dong vat nong nghiép ciing khac nhau: cir 1kg thirc an d6i voi
bo can 4-6 lit nudce, d6i v6i ciru 2-3 lit, ddi vai lon 7-8 lit, d6i v6i ngua 2-3 lit.

Protein cua mau (albumin va globulin) c6 y nghia 16n trong viéc phan bd nudc
gilra mau va t€ bao. ap suat tham thau do protein mau gay ra goi la &p suat

Su bai tiét nudc tir co theé 1a do than, da, rudt va phoi. Gan mdt nira s lugng
nudc dugce bai ti€t qua than cung nudce ti€u, gan mot phan ba do da va phoi, phan con
lai 1a qua ruot.

O céc dong vat khac nhau, phu thudc vao dac diém trao doi chat ma su bai tiét
nudc xdy ra theo cac cach khac nhau. Vi dy, ngua lao tdc manh nudc thai theo mo hoi
nhiéu, ché thai nuée voi khong khi thd ra qua bé mit tuyén nhay ¢ miéng...

Qua trinh trao d6i nudc lién quan mat thiét véi qua trinh trao ddi protein, glucid,
lipid va dic biét trao doi chat khoang.

Céc chét khoang loai ndy c¢6 kha ning tich luy nudc & trong té bao, thi nguogc lai
cac chat khoang khac lai kich thich sy thai nuéc (qua than va cac bd phan bai tiét
khac). Mudi nam, dic biét 1a Ndo gy tich nudc & té bao. Trong khi d6 mubi kim lai
ting cudng sy dao thai nudec. Picu d6 giai thich sy tac dong c6 loi ctia mudi kim khi bi
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viém.

Khong chi riéng protein ma ca cac hgp chat lipoit ctua t€ bao c6 y nghia quan
trong trong vi¢c can bang nudc cua co thé. Phu thudc vao trang thai sinh 1y cua dong
vat lam thay doi tuong quan tang hodc giam sy lién két nudc cua t€ bao. Cac co quan
va t€ bao chira cang nhiéu sterit thi n6 cang c¢6 kha nang lién két manh véi nudc.

Sy tri hodn viéc cung cap lipid dan téi sy giam ham luong nudc trong té bao
Cholesterol, hop chét protein, glucid va cac chit khac anh huong truc tiép toi sy lién
két nudc .

Su diéu hoa trao d6i nudc trong co thé 1a do hé than kinh trung wong va hormon
tuyén yén, hormon mién vo tuyén thuong than va hormon tuyén sinh duc.

14.2. QUA TRINH TRAO POI MUOI KHOANG

béi véi dong vat nong nghiép rat can cac nguyén td sau day: Na, K, Ca, P, S, O,
Fe, Mit, Zn, Cu, I, Co, Mo.

Cac mudi Na, K, Ca va Mg cua cac acid phosphoric, acid carbonic, acid suluric
¢ ¥ nghia rt quan trong dbi v6i su trao doi chat. Bang dudi dy cho thiy su phan bd
clia cac chat khoang nay trong co thé dong vat.

Sw phin bé ciia cdc mudi khodng chii yéu trong co thé dpng vit

Mubi Huyét thanh ciia| Thanh phén hiru Co (mg%)
mau (mg%) hinh ciia mau
(mg?%)
Natri 335 19 37,9
Kim 19,5 420 320,1
Canci 9,6 0,5 7,5
Ma gié 3,2 3,0 21,2

Qua bang trén cho thdy nghi va khu chiém wu thé trong méu, tinh c¢6 nhiéu trong
thanh phan hiru hinh, con kém, nghi va ma gié c6 nhiéu trong té bao co. Cac chat nay
thudng nam & trang thai tu do hay lién két vé6i protein.

Nhu cau céc chat vo co dac biét tang Ién & giai doan phat trién cua gia suc non,
thoi ky c6 chira, luc cho stta & bo, cho 1ong ¢ ctru hay cho trimg ¢ ga.

Ngoai ra, cac con (H") va OH ¢6 ¥ nghia 16n trong trao d6i chat cua dong vat,
gy nén sy can bang toan - kiém trong co thé.

Céac mudi vo co dua vao co thé cung vai thirc an va nude uong. Tuy nhién, thanh
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phan céc chat khoang cua thirc an 1a khong gidong nhau. Cho nén, néu cho dn mdt loai
thirc dn kéo dai thi trong co thé dong vat s€ tich luy thtra hoac thiéu mot sd hop chét
khoang, dan t6i sy pha huy trang thai can bang cua té bao. Diéu d6 ciing s& dan t6i pha
huy su can bang toan - kiém va trao doi chat néi chung.

14.2.1. Natri (Na) va Kali (K)

Natri va khu trong co thé & dang mudi clorua, phosphat, carbonat va sulfat,
thudng ¢ trang thai ton va trang thai lién két v6i protein, acid nucleic va cac san pham
trao doi chét khac. Natri co trong dich thé, con kém c6 trong mé bao.

Vai tro sinh hoc cila nghi va khu rat 1én. Nong do 16n nghi va con do quyét dinh
ap suit thim thau cua mau. ton nam co trong thanh phﬁn hé dém cua mau, thai theo
nudc

bot & dang bicarbonat va theo dich ti€u hoa. N6 can thiét dé duy tri pH mau. Ion
tinh duy tri 46 pH trong té bao va thai theo huyét tuong. Cling v6i con nam ching lam
tang trang thai keo cua té bao. lon nam va kém anh huodng té1 hoat dong hé than ~uul,
trang thai cua hé co, chirc nang tim va mach quan, gan, than va cac co quan khac. Ion
nam tc ché hoat dong ctia mét loat enzym nhu phosphorylase; ton kim hoat hoa cac
enzym riéng biét. Ion nam va khu bai tiét khéi co thé chii yéu theo nudc tiéu, mot phan
theo md hoi. Nhu cau cua dong vat dbi véi mudi nam 1a khac nhau. Vi du bo can 5-7g
Nacl/100kg khéi lwong/ngdy dém (2 g/lit sita); ngua 15-30 g; lon 6-10 g; ctru 8-10 g.

14.2.2. Canci (Ca)

Canci c6 ¥ nghia 16n di voi co thé, 97% calci'cé trong thanh phan ciia xuong &
dang mudi phosphat va carbonat (80% dang Ca;(PO4), va 13% dang CACO;). Canci
c6 trong thanh phan cua tit ca cac té bao, trong mau dudi dang lién két véi protein,
cling nhu trong stta ¢ dang hoa tan cua casein.

Canci lam giam sy hung phan cua hé than kinh, giam kha niang tham thau té bao,
tang hoat dong cua tim, tham gia qua trinh dong mau. Canci hoat hoa enzym ATP-ase,
lexitinase, (rc ché enzym enolase, dipeptidase va cac enzym khéc.

Nhu ciu cua dong vat dbi voi mudi chiét nhu sau: bo gan 5 gimg kg khoi
lugng/ngay dém, curu 3-10 g, ngua 35-100 g.

14.2.3. Ma gié (Mg)

Ma gié 1a chudn ndi bao co trong nhan té bao va ribosom & dang lién két véi
protein, n6 1 chit hoat hod quan trong ctia qua trinh phosphoryl-oxy hoa. Mg®" tim
thdy trong xuwong, can thiét cho qua trinh co co, tham gia vao thanh phan miosin va
ATP git vai trd cau ndi giira cac chit nay.

14.2.4. Phospho (P)

Phospho trong co thé & dang mudi cia acid phosphoric, tham gia thanh phan cua
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cac protein, lipid, glucid va nhiéu san pham khéc cta qua trinh trao d6i chat. Vai tro
ctia phospho trong trao ddi chat ctia co thé 1a rat 16n.

Acid phosphonc tham gia vao thanh phan ctia nhiéu coenzym. Ddi v6i qua trinh
sdng can phai xac dinh twong quan giita Cam ciing nhu Mom trong co thé nguoi va
dong vat.

Nhu cau ciia dong vat ddi v6i phospho nhu sau: bo 3 gimg kg khdi luong/ngay
dém, ciru 2-5g, ngua 60 g. Su réi loan trao doi chiét, phospho 14 nguyén nhan cia
nhiéu bénh pho bién ¢ gia stc, gia cAm nhu coi xwong, mém xuong, loing xuwong...

14.2.5. Clo (Cl)

ao 12 mudn quan trong cd trong tat ca cac té bao, dich thé cua co thé. Anion chi
cung véi con Na va K giit 6n dinh 4p sudt tham thau trong dich thé va chirc ning binh
thuong cua hé than kinh.

14.2.6. Cdc nguyén t6 vi lwong

Vai trd ciia cac nguyén to vi lugng ddi véi co thé dong vat 1a tham gia tich cuc
vao cic qua trinh sinh truéng, phat trién, sinh san ciing nhu bao vé stc khoé va san
xuat. Thira hay thiéu cac nguyén t6 vi luong trong thirc 4n ciing 13 nguyén nhan cua
nhiéu bénh khac nhau ¢ dong vat.

Sau day chung ta nghién ctru vai tro ciia mot so nguyén to vi lugng doi véi dong
vat nong nghiép.

14.2.6.1. Iod (1)

Tod 14 mot trong nhimg nguyén t6 vi luong quan trong ciia co thé. N6 duge tan
thiy dau tién trong t& bao cua tuyén giap trang véi sd lwong 16n (20-300 mg/100 g té
bao twoi) Tod cling tim thdy trong vo than (0,2-0,4mg/100 g), trong tuyén sinh duc (0,1-
0,2 mg/100g), trong gan, than, lach, phéi va céc té bao khac. Trong mau iod cé khoang
10- 12y % (1 y= 0,001 mo).

Tod tham gia vao thanh phan ctia hormon tuyén giap trang, diéu hoa hau hét cac
qua trinh trao d6i chat. Thiéu iod trong thirc an s& gay ra sy rdi loan trao d6i chat ¢ tat
ca cac dong vat, kim ham sinh truong, giam suc san XUAt. Nhay cam véi su thiéu iod 1a
lon, d& méc bénh kém theo rdi loan trao doi Nito, glucid, nudc, mudi khoang, rung
16ng... & bo thiéu iod giam san luong sita, & clru sinh trudng chim, ¢ gia cAm giam san
luong trimg... Pé cung cap iod cho co thé dong vat can bd sung mudi iod va mubi an.

Ham lugng iod trong thuc an la khac nhau. Vi du trong tring c6 20-26 y /kg
VCK, trong laa kidu mach 42 vy, trong bap cai 60 v, trong sira 550 ...

14.2.6.2. Pong (Cu)

Pdng co6 trong mau va tit ca cac té bao ciia dong vat, nhiéu nhat 1a gan va lach.
Vi du trong gan bo c6 t6i 30 ma Cu/1000 g chat twoi. Trong mau dong vat co 2 mg/1
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lit. Pong trong co thé dong vat thuong & dang tu do hodc lién két. Ham luong dong
trong huyét tuong mau tang khi ¢é chira hodc mic bénh truyén nhiém. D6 co thé coi
nhu phan tng bao vé ddi véi su lién két cua tocxin. Thiéu déng trong thirc dn anh
huong té1 su sinh truong, chirc ndng cua hé than kinh, hé co va tuan hoan, hoat tinh
sinh duc va stc san xuat.

14.2.6.3. Molibden (Mo)

Molibden tim thay & trong cac té bao khac nhau cta co thé dong vat va tham gia
vao thanh phan ctia enzym trao ddi goc kiém purin (cantinoxydase). Thira molibden
dai gia stc giam moc 16ng. Thiéu molibden anh hudng t&i sinh truéng ciia vat nudi.

14.2.6.4. Mangan (Mn)
Mangan tham gia vao thanh phan cta nhiéu té bao dong vat, nhiéu nhét 1a gan.

Mangan dong vai tro quan trong trong qua trinh phosphoryl-oxy hod. ton ma
ngan

(Mn2+) tham gia vao nhiéu phan tng chuyén hoa trung gian. Mn2+ xtc trén qua
trinh phan giai glucid, ting cuong trao doi protein.

Nho su tham gia tich cyc vao cadc phan ng enzym ma ma ngan anh hudéng to1 su
sinh truéng, ting cudng tudn hoan va chirc ning sinh duc ciia con dyc va con cai.
Nhay cam véi su thiéu ma ngan 13 gia cdm, gay bénh perozit (bién dang xuong chin
va canh).

14.2.6.4. Kem (Zn)

Kém tin théy & hau hét cac té bao cua dong vat, nhiéu nhét 1 & tinh dich, sau d6
1a gan tuyén tuy, & co, tuyén sinh duc va xwong. Thiéu k&m kim ham phat trién, hinh
thanh 16ng, dac biét 1a chirc nang sinh duc va cac d4u hiéu khac. Kém kich hoat hon
non tuyén yén va hormon sinh dyc. K&m tham gia vao thanh phan cta carboanhydrase
- enzym quan trong ctia chuyén hoa trung gian. Nhan thy su lién két ciia kém v6i mot
sd vitamin (B, PP). K&m duoc bai tiét ra ngoai co thé chu yéu theo phan.

14.2.6.4. Cobalt (Co)

Cobalt 12 mot nguyén t6 vi lwong quan trong. Lan d4u tién & Australia (1935)
ngudi ta da sir dung co ban dé chira bénh cho ciru va bé. Cobalt c6 & cac co quan va
mo bao. Cobalt trong co thé anh hudng t6i sy sinh trudng, qua trinh moc 16ng va san
pham thit, qua trinh tao mau.

Thiéu co ban trong khau phan truéc tién 1a giam sy tong hop vitamin B,
(cyancobalamin). Su tong hop vitamin B;, duoc thuc hién boi vi sinh vat dudng tiéu
hoa, dac biét 1a & da céd dong vat nhai lai va phén rudt gia cua cac dong vat khac.
Trong thanh phén vitamin B, chtra 4,5% co ban, vi vay thiéu co ban trong khau phﬁn
s& mac bénh thiéu vitamin By, - bénh thiéu mau 4c tinh.
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Chwong 15
MOI LIEN QUAN GIUA CAC QUA TRINH TRAO POI CHAT

15.1. SO PO TONG QUAT CUA CAC QUA TRINH TRAO POI CHAT

Trong co thé sinh vat, trao ddi chit cua té bao 1a téng thé ctia cac moi lién hé. Su
trao d6i ciia mot hop chat nao d6 xay ra trong co thé song khong phai riéng 1¢ nhu
ching ta tach ra dé dé nghién ctru, ma no lién quan mat thiét véi sy trao do6i chat cua
cac hop chat khac. Mdi lién quan twong hd vé su trao doi chat giita cac hop chit thé
hién trén hai mit chu yéu 1a nguyén liéu va ning luong.

15.1.1. Méi lién quan vé mat nguyén liéu

Trong qua trinh trao d6i chat & co thé song, cac chat protein, glucid, lipid ban
d4u khac nhau hoan toan vé ciu tao hda hoc, do 1a tinh dic hiéu cua tung chat. Cac
chét nay duéi tac dung cta nhiéu hé thong men ching s& bi phan giai thanh nhimmg san
pham trung gian gidng nhau. Tir nhitng san pham trung gian nay, tuy theo nhu cau cia
co thé ciing nhu méi trudng sdng ma sinh vat s& tong hop nén cac hop chat cao phan
tor dac trung cho co thé hoic s& dugc oxy hoa triét dé nham tao ra nang luong. Nho
kha ning chuyén hoa tuong hd giita cac chat ma co thé sinh vat c6 kha ning thich tng
duoc voi méi trudng. Qua trinh chuyén héa nay chiu su diéu tiét rat tinh vi va nhay
bén ciia hé thong than kinh -thé dich trong co thé cua dong vat.

Chu trinh Krebs nhu chung ta di trinh bay & phan trudc 13 noi gip g trung gian
clia moi qué trinh trao doi chat, thong qua chu trinh Krebs céc chat c6 thé chuyén hoa
cho nhau, chinh n6 1a trung tam cuda sy trao doi vat chat. Cac duong hudng trao doi
chat quan trong nhit ctia cic san pham trung gian théng qua chu trinh Krebs duoc mo
ta & so d6 dudi day.

o- Cetoglutaric 14 chat nhan quan trong nhat ciia cac nhdm quan trong cac phan
mg chuyén quan. N¢ sé& tao ra acid glutamic, chat nay c6 thé tao ra glutamin hodc 1a
chat tién ctia thodn, omitin, cytrulin, arginin va cac chat trao doi khéc.

Acid oxaloacetic 13 hop chit quan trong cta su tong hop glucid. Phan tmg chuyén
quan thuan nghich cta acid oxaloaxetic dé tao thanh acid aspartic, chat ndy 1a tién than
cua pyrimidin-nucieotit hodc co6 thé tao thanh mot s acid amin.

Sucxynyl-CoA c6 thé két hop véi glycin dé tao ra acid y- aminolevulirac, chit nay
ngung tur thanh proforbilinogen, hop 'cht chu yéu duoc dung trong qué trinh tong hop
cac cAu trac porfuin.
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Con dudng trao ddi chit quan trong nhét ciia cic san phim trung gian & chu trinh Krebs

15.1.2. Moi lién quan vé mt ning lwong

Trao d6i chét ludn gan lién voi trao doi nang lugng vi mdi hop chét hiru co 1a
thanh phan cta hop chat séng déu c6 muc nang luong du trir, bién doi trong qué trinh
trao d6i chat. Trong co thé séng, cac phan tmg oxy héa luén di kém voi qué trinh tong
hop cac chét giau ning luong nhu ATP, ADP, creatin phosphat (CP), arginin phosphat,
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UTP, CTP, GTP... hoic kém theo su tao cong sinh 1y, mot phan nang lwong bién thanh
nhiét dé duy tri than nhiét héng dinh. Cac hop chét cao nang, dac biét la ATP, duogc st
dung trong cac phan tmg thu ning luong va cac qua trinh sinh téng hop cac chat khac
nhau.

15.2. MOI LIEN QUAN GIUA CAC QUA TRINH TRAO POI CHAT
15.2.1. Méi lién quan giita trao déi protein va trao déi acid nucleic

Trong co thé sinh vt tdn tai mbi lién quan chit ché, hd trg 1an nhau giira trao doi
protein va acid nucleic. Sy tong hop acid nucleic phu thudc vao trao d6i acid amin va
protein. Sy téng hop nucleotit triphosphat va acid nucleic phu thudc vao su c6 mat cua
cac enzym nhu ADN-polymerase, ARN-polymerase, polynucleotit phosphorylase va
cac enzym dam béao sy tong hop cac gdc kiém phan va pyrimidin. Mot sé acid amin
nhu acid glutamic, acid aspartic, glycin va mot sd goc carbon déu 1a nguyén liéu dé
tong hop nhan pyrimidin va phan cta acid nucleic.

Pén luot minh, acid nucleic lai ¢o vai trd quan trong trong qué trinh sinh tong
hop protein. Acid deoxyribonucleic (ADN) va cac acid ribonucleic (MARN, TARN,
RARN) déu tham gia su lép ghép cua cac géc acid amin theo mot trinh tu xac dinh, tao
thanh chudi polypeptid.

15.2.2. Méi lién quan giita trao déi glucid va trao doi acid nucleic

Khi phan gidi glucose theo chu trinh pentose-phosphat s€ tao thanh ribose-5-
phosphat. Chat nay s& tao nén phosphoriboxyl-pyrophosphat ding lam nguyén liéu dé
téng hop thanh cic gdc kiém phan va pynmidin ciing nhu dudng D-ribose va D-
deoxyribose. Cac chat nay 1a thanh phan bit budc cin thiét dé tong hop nén céc
nucleotit va acid nucleic.

Nguoc lai, trong té bao cic san pham cia acid nucleic c6 thé duoc bién thanh
ribose-5-phosphat, sau d6 téng hop nén glucose - 6- phosphat. Mat khac, su tong hop
acid nucleic trong mot mtrc do nhat dinh c6 anh huong dén su téng hop glucid. Diéu
nay thé hién rd ¢ phan ung st dung uridin triphosphat (UTP) dé tong hop uridin
diphospho - glucose (UDP-glucose) trong qua 'trinh tong hop glycogen du trit.

15.2.3. Méi lién quan giita trao déi lipid va trao doi acid nucleic

MGéi lién quan giira trao d6i lipid va acid nucleic thuong 13 méi lién quan gian
tiép thong qua sy trao ddi glucid va trao d6i protein. I uy nhién, sy tong hop
glycerophospholipid can c6 su tham gia ciia cytidin triphosphat (CrP), cic bazo Nito
nhit thiét phai dugc hoat hoa duéi dang cytidin diphospho-cholin (CDP-cholin) va
cytidin diphospho-ethanolamin (CDP-ethanolamin). Sau dé 1a sy chuyén gbc bazo
Nito cho acid phosphatidic hoac diglycerid.

15.2.4. Méi lién quan giira trao déi protein va trao déi glucid

Trong co thé dong vat nhidu acid amin duoc tong hop tir glucid va amoniac. Su
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phan giai glucid tao ra mot sd a- cetoacid, khi quan héa chiing s& tao thanh cac acid
amin. Vi du tur acid pyruvic s€ tao thanh alanin, tir a-cetoglutamic s€ tao thanh acid
glutamic. Tir acid glutamic s& tong hop duogc proline, tir acid aspartic s& tao thanh ly
sin, threonin, methionin. Sy phan giai glucid cling tao thanh acid 3-phosphoglyceric,
chat nay s& tao thanh se rin. Tir se rin ¢6 thé tao thanh cystein hodc glycin. Sy hinh
thanh se rin tir glucose nhu sau:

Glucose

Dudmng phan
COOH OOOH COOH COOH

l N. N H,O Phosphatase
H-C L —o ¥>H-c- :

i I - OH m l Transaminase NH, ﬁH—C—

CH,0®) CH,0@) CH,O®
Acid 3-Phosphoglyceric Acid 3-phosphohydroxy 3-phosphoserin Serin
pyruvic

Nguoc lai, cac acid amin nhu alanin, phenylalanin, tyrosin, histidin, tryptophan,
se rin, cystein c6 thé bi phan gii tao ra acid pyruvic hodc mét sé hop chét trung gian
cua chu trinh Krebs nhu acid oxaloacetic va acid a-cetoglutanc. Tt acid oxaloacetic co
thé tao ra acid phosphoenolpyruvic, tir d6 s& tong hop nén glucose mai.

Ngoai ra, gilta qua trinh di héa glucid thong qua chu trinh Krebs va qué trinh di
hoa acid amin thong qua chu trinh Ornitin ¢6 nhitng giai doan tao ra cac san pham
trung gian giéng nhau nhu acid aspartic, glutamic, fumanc. Piéu d6 chimg to sy trao
d6i glucid cling lién quan dén su trao doi protein.

MGéi lién quan giira chu trinh Krebs va chu trinh Ornitin ¢6 thé dién ta nhu sau:

Fumarlc Af ginin
Malic
Chu trinh
Argmo- Ornitin Ommn
Sucxinic

ASPaﬂlC Cltru]m
As artlc Cltruh Ormtm
‘\

Cetoglutamic Carbamin
lutamxc phosphat

Mahc Chu trmh
Krebs
Fumanc

\v-—/
15.2.5. Méi lién quan giita trao déi glucid va trao doi lipid

Méi lién quan giita trao d6i glucid va trao ddi lipid chu yéu thong qua san pham
trung gian la phosphodihydroxyaceton va acetyl-CoA. Tu su phan giai glucid tao ra
glycerin va acid béo, tir d6 tong hop nén lipid (co s& khoa hoc cuia viée vd béo gia stic
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bang tinh bot).

Nguoc lai, sy phan giai lipid tao ra cac san phadm nhu glycenn va acetyl-CoA,
chung 13 nguyén 1éu dé tong hop nén glucid.

15.2.6. Moi lién quan giiva trao déi protein va trao déi lipid

Acid béo 1a san pham chil yéu cta su phan giai lipid. Trong qua trinh trao d6i
chat, acid béo tién chat ctia mot sb acid amin. Acid béo sau khi dugc ~oxy hoa va qua
chu trinh Krebs sé& tao thanh acid o.-cetoglutanc va chit nay s& tong hop duoc mot sb
acid amin.

Acetyl-CoA con dugc bién dbi thanh acid oxaloacetic qua chu trinh acid
glyocyhc va tir acid ndy chuyén héa thanh acid pyruvic. Tir hai cetoacid nay thong qua
phan tmg chuyén quan va phan tng khir quan sé& tong hop nén nhiéu acid amin. Sy trao
ddi glyxerin théng qua san pham trung gian cua glucid c6 thé dan dén su tong hop cac
acid amin nhu histidin, phenylalanin, tyrosin va tryptophan. Qua trinh chuyén héa
protein thanh lipid c6 thé dién ta nhu sau:

Acid béo
v
Acetyl-CoA
Chu trinh A Chu trinh
acid glyocylic Krebs
/\
Acid pyruvic Acid oxaloacetic Acid o - cetoglutaric
Alanin Acid aspartic Acid glutamic
Valin ‘ l l
Leucin Threonin Arginin
Methionin Prolin
Isoleucin
Lysin

Nguoc lai, mot s6 acid amin nhu leucin, isoleucin, tryptophan khi bi phan giai sé
tao thanh acetyl-CoA, tir d6 tong hop nén acid béo. Mot s acid amin khac nhu alanin,
cystein, se rin c6 thé bi phan giai thanh acid pyruvic va tao thanh acid 3-
phosphoglycerylaldehyd. Tir chat nay s& tao nén glycerin 13 nguyén liéu tong hop nén
lipid.

Vai trd ctia protein trong trao doi lipid con dugc xac dinh bai chirc nang xuc tac
ctia chung trong cac phan tng phan giai va tong hop lipid.

So do chuyén hoa protein thanh lipid ¢6 thé dién ta nhu sau:
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Protein

Acid amin
Leucin, isoleucin Alanin, cystein
tryptophan | serin
Acetyl-CoA < Acid plyruvic
Acidlbéo 3-Phosphogl)¢/cerylaldehyd
Glyclerin
» Lipid « I

Ttr nhitng vAn dé vira néu trén c6 thé rat ra két luan rang: Trao ddi chat 1a qua
trinh co ban nhét cua su séng. Trong co thé, cic qua trinh trao d6i chat c6 mbi lién
quan mat thiét va c6 su théng nhat véi nhau. San pham cua sy phan giai mot chat nay
1a ngudn nguyén liéu dé tong hop nén chat kia, nang lugng do sy phan giai chat nay lai
can dung cho qua trinh sinh téng hop cac chat khac. Sy trao ddi glucid va lipid c6 ¥
nghia 16n vé mat cung cap ning luong cho co thé. Su trao ddi protein c6 vai tro diéu
hoa nghiém ngit va tinh vi doi véi qua trinh trao d6i chat. & dong vat bac cao, chiéu
huéng ciia nhitng qué trinh trao doi chat déu chiu sy chi phdi va diéu tiét rit chinh xac,
nhay bén cua co ché diéu hoa than kinh ra thé dich.
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