Ho hap té bao
Thu nhan nang.
Iuong hoa hoc

PRERAE S, bodea s b ol A

CACKHAINIEM THEN CHOT

9.1 Céccon dudngdi hod tao nang luong nh& oxy
hoa cac nhién liéu hitu co

9.2 Dudng phan thu ning luong hod hoc nhd oxy
hod glucose thanh pyruvate

93  Chutrinh acid citric oxy hoa hoan toan cac phan
tif hitu co'tao ra nang lugng

9.4 Trong photphoryl hoa oxy ho4, co ché hoa tham
di kém v6i su chuyén electron dé tong hop ATP

9.5 Sulén men va hd hap ky khi cho phép té bao tao
ATP ma khdong dung oxygen

9.6 Dudng phan va chu trinh acid citric lién két véi
nhiéu con dudng chuyén hoa khac

| Song la hoat dong

bao s6ng cén c6 nang lugng tir cdc ngudn bén
I ngoai dé thuc hién c4c nhiém vu khic nhau, vi du
lip rdp cic polymer, bom céc chit qua mang, vin
dong va sinh san. GAu triic khéng 16 trong Hinh 9.1 lay
nang lugng cho t€ bao nho an thuc vat. Mot s6 dong vat
lai 4n cdc sinh vat an thuc vat. Nang luong du trif trong
c4ic phan tir hitu co cha thifc an chii yéu bit ngudn tir mat
troi. Nang luong chdy vao hé sinh thdi dud6i dang 4nh
sdng mat troi va roi khoi hé sinh thdi duéi dang nhiét
(Hinh 9.2). Nguoc lai, cidc nguyén t6 hod hoc cin cho
su song duoc tdi sinh. Quang hop san sinh oxygen va
c4c phan tir hitu co dugc ty thé cha sinh vt nhan thuc
. sir dung (bao gém thuc vat va tio) 1am nhién liéu cho ho
h4p t& bao. H6 hdp phan gidi nhién liéu ndy va tao ra ATP.
Céc san phdm phé thai clia loai ho hip ndy, khi carbon
dioxide va nu6e l1a nguyén liéu tho cho quang hop. Trong
chuong ndy, chiing ta xem xét t€ bao thu ning lugng hod
hoc du trif trong cdc phan tir hitu co va diing nang lugng
d6 nhu thé ndo dé 1ao ATP - phan tir thuc hién phén Ién
cong viéc cua t€ bao. Sau khi trinh bdy mot s6 nguyén
tic co ban vé ho hip, ching ta s& tap trung vio ba con
dudmg ho hap chinh: dudng phén, chu trinh acid citric vi
photphoryl hod oxy ho4.
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A Hinh 9.1 L4 cdy ndy cung cdp nidng lugng cho cac hoat
ddng séng clia gdu tric khdng 16 nhu thé nao?
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A Hinh 9.2 Ddng ning lugng va su quay véng hoa hoc
trong cic hé sinh thai. Dong ndng lugng chdy vao hé sinh thai
dudi dang 4nh sang mat trdi va cudi cing rdi khéi hé sinh théi
dudi dang nhiét, trong khi d6 cdc nguyén td hoa hoc cdn cho
su séng thi dugc quay vong lai.

9.1

Cac con duong di hoa tao nang
luong nho oxy hoa cac nhién liéu
hiu co

Nhu ban da hoc trong Chuong 8, cdc con dudng chuyén
hod gidi phéng niang lugng du trit nhd phan gidi cdc phan
tir phife tap duge goi 1 con dudng di hod. Sur din chuyén
electron déng mot vai trd chli yéu trong cdc con dudng
ndy. Trong phin ndy, ching ta xem xét cdc qua trinh chi
chét clia ho hip t€ bdo.
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Cac con dudng dj hoa va sy tao thanh ATP

Céic hgp chat hitu co ¢6 the nang 12 do s sép x¢p cdc
nguyén tir cia ching. Cdc hgp chat ¢6 thé tham gia trong
cdc phan tmg sinh nhi¢t dong vai trd 1am nhién lieu, Véi
st ho trg clia enzyme, 1€ bdo phan gidi mot cdch c6 he
thong cdc phan tir hitu co phiic tap, gidu thé nang thanh
cdc ph€ phdm don gidn hon, ¢6 ft nang lwgng hon, Mot
s0 nang lugng 14y ra tir ngudn du trit hod hoc ¢6 thé duge
dung dé sinh cong. Phin cdn lai bi phdt tin dudi dang
nhiét.

Mot qud trinh di hod - sy 1én men 13 qud trinh phan
gidi dudng timg phin khong ding oxygen. Song con
dudng di hod phd bién vA hiéu qua nhat 12 ho hap hiéu
khi, trong d6 oxygen duge tiéu thu nhu mot chat phén
g cung véi nhién ligu hitu co. T€ bao chia phén 16n sinh
vat nhan thyc va nhiéu sinh vat nhan so ¢6 thé thyc hién
ho hap hi€u khi. M6t s6 sinh vat nhan so sir dung céc chat
khdc ngoai oxygen nhur 1a chit phan g trong con dudng
trong tu dé thu nang lugng hod hoc ma khong diing mot
ty oxygen ndo. Day 1a qud trinh mang tén ho hdp ky khi.
Theo nghia chuyén mon thi thuat ngit ho hap té bao bao
ham cd hai qua trinh hi€u khi va ky khi. Song, n6 cé
nguén géc nhu mot tir ddng nghia cho hé hap hiéu khi do
mo6i quan hé ciia qud trinh d6 vé6i ho hép sinh vat, trong
dé dong vat hit thé bang oxygen. Do d6, hé hap té bao
thudng duoc ding dé biéu thi qua trinh higu khi, mot thuc
t€ ma chiing ta di theo trong phin 16n chuong nay.

Mac du rét khic nhau trong co ché, nhung vé nguyén
tic ho hap hiéu khi giéng véi su dot chay ciia xing trong
dong co 6t6 sau khi oxygen duoc tron 1dn véi nhién liéu
(hydrocarbon). Thitc an cung c4p nhién liéu cho ho hdp
va chit thai 13 carbon dioxide va nudc. Qud trinh téng
quét c6 thé dugc tém tit nhu sau:

Hop chat Carbon )
hitu co T OXygen = 440 + Nude + Nang luong

Mic dii céc loai carbohydrat, chit béo va protein c6
thé déu duoc xir 1y va tiéu thu nhu 12 nhién liéu, dé dé hiéu
hon khi tim hiéu c4c budc cia ho hip t& bao, ta nghién ctu
chi ti€t qud trinh phan gidi dudng glucose (CH,,0):

Ning

CH,0,+ 60, —> 6CO, + 6 H,0 +luqng (ATP + nhiét)

671276

Glucose 1a nhién liéu ma phén 16n t€ bao thudng sir dung.
VEé sau, chiing ta s& thio luan vé céc phan tir hitu co khic
c6 mat trong thic 4n.

Su phan giai cha ‘glucose 1a sinh nhiét, c6 bién doi
nang lugng tu do khoang —686 kcal (2.870 kj) trén mole
glucose bi phan gi4i (AG = —686 kcal/mol). Nén nhd ring
AG am chiing t6 cdc san phdm cuia qué trinh hod hoc du
trit it nang lugng hon c4c chat phan éng va ring phan ing
c6 thé xdy ra mot cach tu phat — hay néi theo cdch khic
phan iing khéng cén chi tiéu nang lugng.

Céic con dudng di hod khong tryc ti€p lam long,
roi vin dong, bom cédc chit tan qua mang, tring hop
cdc monomer hoac thyc hién cong khéc clia t€ bao.
Hién tuong dj hod dugc lién két dé sinh cong nhd truc
truyén dong hod hoc — ATP ma ban da nghién citu trong
Chuong 8. Dé duy tri viéc sinh cong, t€ bio phdi tdi sinh
su cung cip ATP tir ADP va ®, (xem Hinh 8.12). pé

CHUONG CHIN

hiéu ho hap t& bao hoan thanh cong viéc ndy nhu thé ndo,
chiing ta hdy xem xét cdc qud trinh ho4 hoc co ban goi la
suroxy hod va su khir.

Cac phan (mg oxy hod khir Sy oxy hoa va sy
khtr

Cic con dudmg di hod phan gidi glucose va céc nhién liéu
hitu co khédc dé tao nang lugng hoat dong nhu thé nao?
CAu trd 104 12 can ci vdo su din chuyén electron trong cdc
phan tng hod hoc. Su chuyén vi clia electron gidi phéng
nang lugng du trit trong cédc phdn tir hitu co va cu6i cling
nang lugng ndy dugce sit dung dé téng hop ATP.

Nguyén ly cua oxy hod khtr

Trong nhiéu phan mg ho4 hoc, ¢6 su din truyén moét hodc
nhiéu electron (€") tir mot chét phan tng nay dén chat khéc.
Cdc din chuyén electron nay dugc goi Ja phan img oxy
hoa khir. Trong mo6t phan tng oxy hod khir thi su mait cic
electron tir mot chit duge goi su oxy hod va su bd sung
céc electron cho chét khic goi 12 su khir. (Lwu § ring thém
vao hay bé sung cic electron dugc goi su gidm (khi); cic
electron tich dién 4m dugc bd sung cho mot nguyén tir thi
1am giam luong dién tich duong ciia nguyeén tir d6). Ta hiy
14y mét vi du don gidn khong mang tinh sinh hoc dé xem
xét phan (ng giita cdc nguyén td natri (Na) va chlorine (Cl)
tao ra mudi an:

Tré nén bi oxy hod

[—‘ (mit electron) _+
Na + Cl - Na* + ClI-

| Tré nén bi khir A
(nhan electron)

Chng ta c6 thé khai quét phan ing oxy ho4 khir theo
cich nay:
Tré nén bi oxy hod——

Y
Y > X +  Ye

l— Tré nén bi khix_—llA

Trong phén tng khdi quét, chat Xe~ — chit cho electron,
duoc goi 1a tac nhan khir (nhan t6 khir), né khit Y, chat
nhan electron. Chit Y — chat nhan electron 14 tic nhan
oxy hoa (nhén t6 oxy hod), né oxy hoa Xe™ nhd loai bd
electron ctia Xe™. Do su chuyén electron doi hoi ca chat
cho va chit nhin nén su oxy hoa va khir luén luén ciing
song hanh. g

Khong phai moi phan iing oxy hod khir déu kéo theo
sir chuyén hoan toan céc electron tit mot chat nay dén chét
khéc, ma mot s& phan \ing loai nay 1am bién déi mitc dd
g6p chung electron trong céc lién két cong hod tri. Phin
ing giita methane va oxygen trinh bay trong Hinh 9.3
trén trang tiép theo 12 mot vi du. Nhur di gidi thich trong
Chuong 2, céc electron cong hod tri gép chung trong

Xe- +

* methane nim gén giita cdc nguyén tir lién két vi carbon va

hydrogen ¢é 4i luc nhu nhau déi véi cic electron hod tri;
chiing déu c6 dé Am dién bing nhau. Nhung khi methane
phan \ing véi oxygen hinh thanh carbon dioxide, thi cdc
electron gép chung khéng con nim giita (Iéch nhiéu hon)
nguyén tir carbon va d6i tic cong hod tri méi, cic nguyén
tir oxygen, vén c6 d6 Am dién rit manh. Thyc t€, nguyén
tlr carbon di “mat” di mot phén cdc electron gép chung,
do d6 methane bi oxy hodi.
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Ch&t phan ing Sin phim

‘— Trd nén bj oxy ho.’:—-—;

CH, + 20, ——— C(O,+Nanglugng+ 2H,0

H L—- Trd nén bj khit ——,

H-4-C—4-H O=M=0 O$=—C=—40 H—204—H

H
Methane Oxygen Carbon dioxide  Nudc
(ticnhankhi)  (tdcnhan
oxi hod)

A Hinh 9.3 Sudét chdy ctia methane nhu mét phan ng
oxy hoé khir tao ning lugng. Phan Ung gidi phéng néng lugng
vao méi trudng xung quanh do electron mét thé nang khi cudi
cuing céc electron gép chung ndm léch v& mét phia, phdn lon
thoi gian ndm gén nguyén tl cé d6 am dién cao nhu oxygen.

Bay gid chiing ta hiy xem xét s6 phAn ctia ch4t phan
ing O,. Hai nguyén tir ca phan tir oxygen (O,) gép
chung céc electron ndm c4ch déu giita ching. Nhung khi
oxygen phan ting v6i hydrogen tir methane tao ra nudc,
thi cic electron ciia cic lién két cong hoad tri trong phin
16n thoi gian duge phan b6 gin oxygen hon (xem Hinh
9.3). Thuc thé, mbi nguyén tir oxygen cd cic electron
“thu dugc™ moét phdn, nén phan tir oxygen bi khir. Do
oxygen c6 4m tinh nhu vy nén né 1a mét tic nhan oxy
hod manh nhat trong t4t ca cac tic nhan oxy hoa.

Nang luong phai duoc bé sung dé kéo electron ra khoi
nguyén tir, giong nhu niang lugng cin dé diy béng lén.
Nguyén tir cang c6 do 4m dién cao hon (cang kéo electron
manh hon) thi cin nhiéu nang lugng hon dé kéo electron
ra khoi nguyén tir. Mot electron mat thé nang khi n6 dich
chuyén tirnguyén tir c6 do am dién bé hon dén mét nguyeén
tir c6 do am dién 16n hon, giéng nhu trudng hop qua béng
mit thé nang khi né lan xuéng ddc. Phan ting oxy hod khir
" chuyén electron dén gin hon véi oxygen nhu su chdy (su
oxy ho4) clia methane, do d6 giai phéng nang lugng hod
hoc c¢6 thé dugc diing dé sinh cong.

Su oxy hoa cac phan tu nhién liéu hiu co trong hé
hap té bao

Sur oxy ho4 cha methane nhd oxygen la phan ng dét
chdy chil yéu & bép gas. Su d6t chdy ciia xang trong dong
co xe 6t6 ciing 12 mot phan mg oxy hod khir, & dé nang
luong dugc giai phéng ra 6 téc dung ddy piston. Nhung
qud trinh oxy hod khif tao nang lugng ddng chi y nhat d6i
véi cdc nha sinh hoc 12 h6 h4p: Su oxy ho4 clia glucose va
c4c phan tir khic trong thifc an, hdy xem xét lai phuong
trinh t6m tét cho ho h4p t€ bao, nhung liic niy hiy xem
n6 nhu mot qué trinh oxy hod khir:

— trd nén bi oxy hod ——

\

CH,0, + 60, - 6CO, + 6H,0 + Ning luong
L——- tré nén bi khir —f

Nhu trong qué trinh d6t chdy methane hoic xing thi nhién

liéu (glucose) bi oxy hod va oxygen bi khir. Electron mat

th€ niang doc con dudng chuyén hod va ning luong dugc

giai phéng.
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Thuong thi cdc phan tir hitu co giadu hydrogen 3
nhién liéu tuyét voi bdi vi lién két ctia ching 13 nguép
cdc electron "dinh cao”, va niing lugng cua electron ¢4
thé duge gidi phong vi cdc electron ndy "roi xung” moy
gradient nang lugng khi ching duge chuyén cho oxygen,
Phuong trinh t6m tit cho ho hip cho thdy hydrogen dugc
chuyén tir glucose dén oxygen. Nhung vin dé quan trong
khong thé thdy trong phuong trinh tém tit Ia & chd trang
th4i ning lugng cia electron bién déi khi hydrogen (véi
electron) dugc chuyén cho oxygen. Trong ho hap, thi sy
oxy hod cua glucose chuyén electron dén trang thai ning
lugng th4p hon, gidi phéng nang lugng dé sin sing cho
téng hop ATP.

Ning lugng chi yéu trong thitc an, carbohydrate
v céc loai chit béo, 1a kho chita electron két hop véi
hydrogen. Chi c6 hang rio ctia nang lugng hoat hod méi
can trd electron chady tran dén trang thdi niang luong thip
hon (xem Hinh 8.14). Néu khong c6 hang rao nay thi
mot chit thic dn nhu glucose s& két hop gin nhu tic
thoi véi O,. Khi chiing ta cung cdp nang lugng hoat hod
bing cdch d6t chdy glucose, né chdy trong khong khi
giai phéng 686 kcal (2.870 kJ) nhiét trén mole glucose
(khoang 180g). T4t nhién, nhiét do cua co thé 1a khong
dii cao dé dét chdy glucose. Thay vi, néu ban nu6t mot it
glucose thi cdc enzyme trong t€ bao clia ban s€ lam giam
hang rao nang lugng hoat hod, cho phép duong bi oxy
hod qua mdt loat cdc budc.

Thu nhan nang luong theo timg buoc théng qua
NAD* va chudi chuyén electron

Néu nang lugng duge giai phong tir nhién liéu cling mot
ldc thi t€ bao khong thé 1gi dung mot cich hiéu qua cho
cdc hoat dong s6ng. Vi du, néu két xang phdt nd thi né
khong thé ddy 6to di xa duge. Ho hap t€ bio ciing khong
oxy hod glucose trong mot bude bot phat don doc. Hon
thé, glucose va cdc nhién liéu hitu co khac bi phan giai
trong mot loat gom nhiéu budc ma méi bude duge xiic
tic bdi mot enzyme. O cdc budce chinh, electron bi tich
khoi glucose. Do d6, gidng nhur trudng hop thudng xady ra
trong cac phan img oxy hod, méi electron di chuyén véi
mot proton dudi dang nguyén tir hydrogen. Nguyén tir
hydrogen khong dugc chuyén truc ti€p cho oxygen, ma
thudng diu tién duge chuyén dén mot chat mang electron
— mot coenzyme goi 1a NAD* (nicotinamide adenine
dinucleotide — mot din xuét ctia vitamin niacin). Duéi
dang mot chit nhan electron, NAD* hoat ddng nhu mot
tdc nhin oxy hod trong qua trinh hé hap.

NAD* by electron nhu th€ ndo tir glucose va cic
phén tir hitu co khic? Enzyme mang tén dehydrogenase
chuyén mot déi nguyén tir hydrogen (2 electron va 2
proton) khdi co chét (glucose trong vi du nay) nho dé
oxy hod co chit. Enzyme chuyén 2 electron cung véi 1
proton cho coenzyme cua né, NAD* (Hinh 9.4). Proton
con lai dugc giai phéng dudi dang ion hydrogen (H*) vao
dung dich xung quanh:

I I
H - C-OH + NAD* C=0+NADH +H*
| |
Nho nhan 2 electron tich dién 4&m nhung chi nhén 1 proton
tich dién duong nén NAD* c6 dién tich dugc trung hod
khi n6 bi khir thainh NADH. Tén goi NADH chimg to

Dehydrogenase
_
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hydrogen dugc nhén trong phan ing. NAD* 1a chat nhin
electron da nang nhat trong ho hip t€ bao va c6 chiic
nang trong mot s6 budc oxy hod khir ctia qué trinh phan
gidi glucose.. .

Electron mit di rét it thé nang khi chiing dugc truyén
tir glucose dén NAD*. Mdi phan tir NADH duogc hinh
thanh trong h6 hap 13 dang nang lugng du trit ¢6 thé dugc
ding dé tao ATP khi electron két thic “do sut giam”
gradient nang luong tir NADH dén oxygen.

Electron duogc rit ra tir glucose va dugc dy trir dudi
dang thé nang trong NADH cu6i cing dén oxygen nhu
thé nao? Diéu Iy gidi nay s& giiip so sdnh hod hoc oxy
hoé khir ciia ho hip t€ biao véi mot phan ing don gian
hon nhiéu: phan tmg giita hydrogen
va oxygen dé tao ra nuéc (Hinh
9.5a). Tron H, voi 0,, cho thém tia

- 3
(tirthic 3n) SwoxyhosctaNapH | (| |

NADH H*

Hh) ! l

C—NH, | 4+ W
]

N” Nicotinamide |
l (dang khi) |

A Hinh 9.4 NAD* nhu con thoi electron. Tén ddy di cho NAD* —
nicotinamide adenine dinucleotide, md ta cdu triic cGia né: phan tir gém hai
i) nucleotide két hop véi nhau & nhém phosphate (mau vang). (Nicotinamide I3

| bazo nitrogen, mac dit khdng phdi la bazo nitrogen cé mat trong DNA hodc
RNA). Su truyén c6 enzyme xuc tac, 2 electron va 1 proton (H*) tir phan tit hiru
cd trong thuc &n cho NAD* khir NAD* thanh NADH. Proton con lai (H*) dugc gidi
phéng. Phan lén electron bj ldy di khdi thic 3n dugc chuyén du tién dén NAD™.

mang trong cta ty thé chia t&€ bao nhan thuc va mang sinh
chit clia cic sinh vat nhan so ho hdp hi€u khi. Electron
bi loai khoi glucose dugc NADH chuyén dén ddu “dinh"
(d6c nang lwgng), ddu c6 nang lugng cao hon clia chubi.
O ddu "ddy" — d4u cuéi c6 ning lugng thdp hon thi 0o,
thu giir cic electron ndy cung v6i nhan hydrogen (H*)
tao ra nudc.

Su din chuyén electron tit NADH dén oxygen 1a mot
phan ng toa nhiét véi bién déi nang luong tu do khodng
—53kcal/mol (-222kJ/mol). Thay vi nang lvgng nay dugc
gidi phéng va bi lang phi chi trong mot budc chay né, thi
dong electron chuyén xu6i dong chudi chuyén electron tir
phan tir mang electron nay dén phén tir mang electron ti€p

o : o

G, i ool H; +'20 [ ; Ihoz"l
lita dién tao nang lugng hoat hod, lam deprtsfon! ko , 4
cho hén hop khfgphiit 6. The (€, su TUthum qua NADH

dét chdy H, va O, long dugc dung dé Sy giéli phén%

cung c4p ning lugng cho cdc dong co 2H* + 2e” nglguttri%rt\g g

chinh trong phi thuyén con thoi sau . (s} téng hop ATP

khi duoc phéng lén khong gian dua S ar il 3 &ﬂ\ s !g?

né vao quy dao. Su né phéng thich 2 S Suphitnd. \ o %— * ? !ﬁi

ning lugng khi electron cia hydrogen 5 = aanf;:ﬁtlsgrf‘lg 1 5 % ‘* .

“roi xuéng” gin hon t6i cdc nguyén ,,% "“dnb‘hsgvng"é . @ 0_,* £ #:l:'

tir oxygen mang dién am. HO hdp t€ = e = %

bao ciing mang hydrogen va oxygen ¥ S 2e v
dén v6i nhau dé€ tao ra nuéc, nhung \ i %0,
c6 hai su khdc nhau quan trong. Thi !

nh4t, trong ho hdp t€ bao, hydrogen A0 | o'l

phan ting v6i oxygen dugc bit nguén we | di/h

tir c4c phan tir hifu co chit khong phai (a) Phan ting khéng dugec (b) H6 hip t& bao

tir H,. Thi hai, thay vi xdy ra trong diéu tiét :

mot phan tng chdy nd, ho hdp si
dung chuédi chuyén electron dé chia
do sut thé cla electron dén oxygen
thanh moét s6 budc gidi phong ning
lvong (Hinh 9.5b). Chudi chuyén
electron bao gém mot s6 cdc phin
tir chii y&u 12 protein, dugc gin vdo

A Hinh 9.5 Giéi thidu vé chudl chuyén electron. (a) Phan ing phat nhiét mét
budc ctia hydrogen véi oxygen dé tao nudc, gidi phéng mét lugng nang lugng 16n
dudi dang nhiét va anh séng: mét vu né. (b) Trong hd hap té bao, phan ting tuong
ty x3y ra trong cac gial doan: chudi chuyén electron phan chia “d6 sut thé” electron
trong phan Ung nay thanh mét loat gém cc budc nhd han va mét s6 néng lugng dy
trif dugc gldi phéng ra duéi dang cé thé dugce st dung dé tao ATP (Phdn con lai ctia
nang lugng dugc giai phéng dudi dang nhiét).

CHUONG CHIN
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theo trong mot chudi cde phan img oxy hod khir, tai mdi
bude chi mat di mot lugng nho nang lugng, cho dén khi
ket thiic chudi chuyén electron & chat nhan electron cudi
cing 1a oxygen — ¢6 4i lyc rat 1én d6i vdi electron. Méi
chat mang electron "phfa duéi" chudi chuyén electron
c6 dd Am di¢n cao hon chat mang clectron phfa trén, va
do d6 né c6 kha nang oxy hod chit mang electron lién
ké "bén trén", trong chudi chuyén clectron thi oxygen &
ddy cta chudi. Do d6, clectron bi loai khdi glucose nhdy
NAD* roi xudng déc (gradient) ning lugng trong chudi
chuyén electron d&én mdt vi trf 6n dinh hon trong nguyén
tr oxygen mang di¢én am. N6i cdch khdc, oxygen kéo
electron xudng cudi chudi gidng nhu mot vat lan xudng
ddc bai trong lue ¢6 thé sinh nang lugng.

Tém lai, trong qué trinh hd hdp t¢ bao, phin I6n
electron di chuyén theo con dudng “xuéng d6c” sau day:
glucose — NADH — chuéi chuyén electron — oxygen.
Cubi chuong nay, ban sé biét nhiéu hon vé t&€ bio ding
nang luong dugc gidi phéng tir Ao sut thé cia electron
phét nhiét ndy nhu th€ nao dé tdi sinh su cung cip ATP.
Va bay gitr dé nim dugc co ché€ oxy hod khit co ban clia
ho hép té bao, chiing ta hiy xem xét toan bd qua trinh.

Cac giai doan cua ho héap té bao: Khai quat

Ho6 hap 1a mot hoat dong cong gOp gém ba giai doan
chuyén hoa: 5
1./Pudng phan (16 mau xanh cudm trong chuong nay)

2 i h ac 0 |

Doi khi ho hap té€ bao duge xédc dinh chi bao gém chu trinh
acid citric va phosphoryl hod oxy hod. Song, chiing t6i
dua vao ho hap t€ bao ca duong phén, bdi vi phin I6n t&€
bao ho hép thu ning lugng tir glucose, diing qu4 trinh nay
dé tao ra nguyén liéu khdi ddu cho chu trinh acid citric.
Nhu di so d6 hod trong Hinh 9.6, hai giai doan diu

P Hinh 9.5 Tong quan vé hé hip té bao.

clia ho hdp (€ bao, dudmg phan va chu trinh acid citric,
1A cdc con dudmg di hod phan giai glucose va céc nhigp
lieu hitu co khdc. Puomg phan xiy ra trong bao tuong,
bit ddu qué trinh phan gidi nhis bé giy glucose thanh haj
phan tir c6 tén la pyruvate. Chu trinh acid citric xdy ra
bén trong chét nén ty thé chia t€ bao nhin thyc hay don
gidn trong bio twong ciia t€ bdo nhan so, hoan thanh sy
phan gidi glucose nhd oxy hod mot din xuit ctia pyruvate
thanh carbon dioxide. Do d6, CO, do h6 hip tao ra I
manh vd cla cédc phan tir hitu co bi oxy hoa.

Mot s6 budc clia dudng phan va chu trinh acid citric
1A cdc phan ing oxy hod khir trong d6 dehydrogenase
chuyén electron tif co chit dén NAD* dé tao ra NADH.
Trong giai doan thit ba ctia ho hip, chudi chuyén electron
tir c4c san phdm bi phan gidi clia hai giai doan d4u (chd
yéu 12 thong qua NADH) vA chuyén céc electron nay tir
phan tir ndy dén phan tir tiép theo. O cudi chudi, electron
két hop vdi oxygen phan tir va ion hydrogen (H*) tao ra
nudc. (Xem Hinh 9.5b). Nang lugng duge giai phéng &
méi budc ctia chudi duge du trit dudi dang dé ty thé (hoic
t€ bao nhan so) c6 thé dung dé 1dng hgp ATP. Phuong
thitc téng hop ATP nay dugc goi 1a phosphoryl hoa oxy
hoa bdi vi né duge cung cdp nang lugng nho cdc phan
img oxy hod khir clia chudi chuyén electron.

Trong t&€ bao nhan thuc, mang trong ty thé 1a vi tri xay
ra qud trinh chuyén electron va vi tri xay ra qua trinh hod
thdm — c4c qué trinh tao nén su phosphoryl hoi oxy hod.
O t€ bao nhan so, cic qué trinh nay xay ra trong mang
sinh chat. Phosphoryl hod oxy hod chiém gin 90% ATP
do ho hép phit sinh. Mot lugng ATP nho hon duge tao ra
truc ti€p trong maot vai phan img cia dudng phan va chu
trinh acid citric theo co ché goi la phosphoryl hoa miic
co chit (Hinh 9.7). Phuong thic tdng hop ATP nay xiy
ra khi enzyme chuyén nhém phosphate tir phan tir co chit
dén ADP, chit khong phai gin phosphate vé co vao ADP
nhu trong phosphoryl hod oxy hod. “Phan tir co chat™ &
day muén néi dén phan tir hiru co duge phat sinh dudi
dang moét chét trung gian trong qud trinh di hod glucose.

Trong dudng phan, mdi phan tir glucose
bi phan gii thanh hai phan tlf pyrurvate.
Trong céc t€ bao nhéan thyc nhu da trinh
bay & day, pyruvate xam nhép vao ty

thé, & a6 chu trinh acid citric oxy hoa n6
thanh carbon dioxide. NADH va chit mang
electron tuong ty, mdt coenzyme goi la
FADH, chuyén electron nhén tir glucose
cho chudi chuyén electron dugc gan vao
mang trong ty thé (& t€ bao nhan sa, chudi
chuyén electron dugc dinh v| & mang sinh
ch&t). Trong qua trinh phosphoryl hoa

oxy hod, chudi chuyén electron bién nang
lugng hod hoc thanh dang dugc dung dé
téng hgp ATP trong qué trinh c6 ténla hod .
thim. , :

; Baotuang
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‘ Enzymi

Cochét

A Hinh 9.7 Phosphoryl ho& mirc co chat, Mot sé ATP dugc
tao ra do truyén truc ti€p nhém phosphate tir co chit hiu co
cho ADP nhd enzyme. (Vi du trong dudng phan, xem Hinh 9.9
cac budc 7 va 10).

n Ban nghi thé ndng la cao hon & chdt phdn umg hay & sdn
pham ? Gidi thich.

Nho ho hidp, méi phan tir glucose phan gidi thanh
carbon dioxide va nudce thi t€ bdo tao ra khoing 38 phan
tit ATP, méi ATP chia 7,3 kcal/mol nang luong tu do. Cé
thé hinh dung ho hap giri vdo ngan hang tién ning lugng
ménh gid 16n trong don phan tir glucose (686 kcal/mol)
dé 14y tién 1¢ bing nhiéu phan tir ATP thiét thuc hon dé t&
bao chi ding trong viéc sinh cong.

Vé6i cdch khdi quat hod nhu vy ban c6 thé thdy dudng
phén, chu trinh acid citric va phosphoryl ho oxy ho4 hop
thanh qua trinh h6 hap t& bao nhu thé nao. Bay gid ching
ta san sang xem xét su hon timg giai doan trong ba giai
doan cua ho hap.

9.1
1. So sanh va d6i chi€u ho hdp hicu khi va ho hip ky
khi.
. [EETEETEGE Néu phan img oxy hod khir sau day
xay ra, thi chit nio s& bi oxy hod va chat nao bi
khir?

C4H605 + NAD* —» C H,O, + NADH + H*
Cau tr3 I3i c6 trong Phu luc A. I

rzmm 92
Pudng phan thu nang luong hoa

hoc nho oxy hoa glucose thanh
pyruvate

" Tt duong phdn c6 nghia "phan gidi dudng" va dé ciing
chinh 13 nhitng gi xay ra trong con dudng chuyén hod
nay. Glucose, dudng c6 sdu carbon, phan tich thanh hai
dudng ba carbon. Vé sau, cic dudng nho hon ndy bi oxy
hod va cdc nguyén tir con lai cla ching duge sip xé&p lai

“dé tao hai phan tir pyruvate. (Pyruvate 1 dang ion hod
clia acid pyruvic).

Nhur t6m tét trong Hinh 9.8, dudng phan c6 thé chia
thanh hai pha ddu tu nang lugng va thu héi ning lugng.
Trong pha déu tu ning lugng, t& bdo thuc su tiéu thu ATP.
Dang chi y 13 sy ddu tu ndy dugc tra 13 trong pha thu héi
nang lugng, khi ATP dugc tao ra nhd phosphoryl hod miic

CHUGONG CHIN

16

Phosphoryl
ho4 oxy hod

A a4

Pha d4u tu ning lugng

Glucose

2ADP +2

' Phathuhbininglugng . o |

Y {
4ADP+4®| :> Dugc tao ra

2NAD++4e-+4H+[

£ Hiéuqua thuc

)
v
3

'lél‘dcc‘ase———bzwruvatg” I
4 ATP dugc tao ra— 2 ATP da dung—> IATP
2NAD*+4e +4H*———->2ﬂADH, H?

R e s TR

A Hinh 9.8 Dau vao va diu ra vé niang lugng ctia duéng phan

co chit va NAD* bi khir thainh NADH nh electron dugc
giai phong tir qua trinh oxy hod glucose. Hiéu qua niang
lugng thuc tir duong phan trén phan tir glucose 1a 2ATP
va 2NADH. Mu¢i budc cua con dudng dudng phan duge
trinh bay chi tiét hon trong Hinh 9.9 trén hai trang ti€p
theo ma ban s€ phai nghién citu mot cich cin than truée
khi ti€p tuc cic phin sau.

Cudi cung, tit ca carbon ban dau c6 trong glucose
dugce tinh trong hai phan tit pyruvate, CO, khong duoc
gidi phéng trong qud trinh dudng phan. Pudng phan xay
ra du cé hay khOnw ¢6 O,. Song néu c6 0,, nang luong
hod hoc du trir trong pyruvate va NADH c6 thé dugc chiét
rit nho chu trinh acid citric va phosphoryl hod oxy hoa.

9.2

1. Trong phin img oxy hod khir & dudng phan (budc
6 trong Hinh 9.9), phan tir ndo hoat dong nhu 12
tdc nhan oxy hod? Tac nhan khi?

2. [EETENE Bude 3 trong Hinh 9.9 1a diém
chinh cta sy diéu hoa dudng phan. Enzyme
phosphofructokinase dugc diéu hoa theo co ch&
di 14p thé nhds ATP va cdc phan tir ¢6 lién quan.
Hay xem két qua chung ctia duong phan, ban c
cho riing ATP iic ch& hay kich thich hoat tinh ctia
enzyme ndy hay khong? (Goi ¥: Ban phai xem vai
trd ctia ATP nhu mét chat diéu hoa di 1ap thé, chi

khong phai nhu mot co chat ciia enzyme).
Cau tra I6i c6 trong Phu luc A. : I
Ho hdp té bao: Thu nhén nang lugng hod hoc 167
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¥ Hinh 9.9 Xem xét chi tiét
hon vé duéng phan. So 46
bén phai dé cap méi quan
hé ciia dudng phan vdi toan
bd qué trinh hd h3p. Khéng
dé cho céc chi tiét hod hoc
trong sa dé chinh han ché
céch nhin ctia ban vé dudng
phan nhu mét nguén cla
ATP va NADH.

PHA PAU TU NANG LUQONG

© Glucose di vao té bao va bj phosphoryl hod nhd enzyme
hexokinase chuyén nhém phosphate tif ATP tdi dudng. Bién tich
cGia nhém phosphate gilr duéing trong té bao do mang sinh chat
khéng thadm vdi cac ion Idn. Su phosphoryl hod cing lam cho
glucose ¢6 kha nang hoat déng hoa hoc han. Trong so dé nay, sy
chuyén nhém phosphate hodc déi electron tir mat chat phan ing
dén chat khac dugc biéu thj bdng cac mai tén kém nhau:- ]q

s ;JT

@ Glucose-6-phosphate bi bién ddi thanh chat déng
phan clia né, fructose-6-phosphate.

© Enzyme nay chuyén nhém phosphate tif ATP dén dudng, ddu
tu thém mét phan ti ATP khac trong dudng phan. Cho tdi lac nay,
té bao da dung 2ATP. V6i nhém phosphate trén dau déi dién, thi
lic nay dudng sdn sang tach thanh hai nifa. Day 1a budc chi yéu
dé diéu hoa dudng phan. Phosphofruckinase dugc diéu hoa di lap
thé nho ATP va cac san pham cta no.

@ bay la phan (ing ma tir dé duding phan nhian dugc tén caa
nd. Enzyme tach phan ti dudng thanh hai duéing khac nhau c6
ba carbon: dihydroxyacetone phosphate va glyceraldehyde-3-
phosphate. Hai dudng nay déu la isomer cia nhau.

© Isomerase xtc tac cho su bién ddi thuan nghich gila hai
duding -3-carbon. Phan tng nay khéng bao gia dat trang thai can
bing trong té bao do enzyme tiép theo trong dudng phan chi
dung glyceraldehyde-3-phosphate lam co chat (ma khong phai
dihydroxygen acetone phosphate). Nhd d6 phén Ung kéo trang
théi can bing theo chiéu hudng ctia glyceraldehyde-3-phosphate
chat nay bi loai bd ngay khi vifa mdi dugc hinh thanh. Do d6, két
qua thuc ctia budic 4 va 5 la viéc tach duong 6-carbon thanh 2
phan t(r glyceraldehyde-3-phosphate va mdi phan tlf nay sé tién
trién théng qua cac budc con lai cia dudng phan.

Wm Diéu gl tdt yéu xdy ra néu ban logi bé dihydroxyacetone
phosphate ngay khi né dugc tao ra?
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PHA THU HOI NANG LUONG

@ Enzyme nay xuc tc hai phan ing néi tiép nhau trong khiné
git glyceraldehyde-3-phosphate trong vj tri hoat déng. Ddu
tién, dudng bi oxy hoa nhés chuyén electron va H* dén NAD*,
tao NADH (phdn Ung oxy hoa khir). Phan dng nay rit tod nhiét
va enzyme diing nang lugng dugc gidi phéng dé gan nhém
phosphate vao cd chdt da bj oxy hod, tao ra sin phim c6 thé
nang rit cao. Nguén clia cac phosphate la kho cac ion phosphate
v cd ludn ludn cé trong bao tuang. Luu ¥ rang hé s6 2 ding
trudc tt ca cac phan tir trong pha thu héi nang lugng. Cac budc
nay xay ra sau khi glucose da tach thanh hai duéng 3-carbon
(budc 4).

@ Dudng phan tao mét s6 ATP nha phosphoryl hod muc co
chit. Nhém phosphate dugc bé sung trong budc trude d6 duoc
chuyén cho ADP trong phdn (ng toa nhiét. DSi vai moi phan tu
glucose khi bat ddu dudng phan, thi budc 7 tao ra 2 ATP vi méi
san phdm sau budc phan tach dudng (budc 4) tang gp doi. Nén
nhd réng 2 ATP da dugc dau tu dé 1am cho dudng sdn sang duoc
chia tdch va mén ng ATP nay bay gi¢ da dugc hoan lai. Glucose
bi bién déi thanh hai phan tif 3-phosphoglycerate ma khéng
phai 1a mét dudng. Nhém carbonyl biéu thi cho dudng da bi oxy
hoa thanh nhém carboxyl (-CO0O"), nét dac trung ctia mot acid
hifu ca. Dudng bi oxy hod trong budc 6 va lic nay ndng lugng do
budc oxy hod d6 tao ra dugc sir dung dé téng hop ATP.

© Enzyme nay chuyén vi tri nhém phosphate con lai, chudn bi
dua co chat vao phan tng tiép theo.

G'Enzyme nay xuc tac tao ra mot lién két doi trong co chat nhd
chiét rat mot phan tdf nudc, hinh thanh phosphoenolpyruvate
(PEP). Electron ctia co chat dugc sdp xép lai theo cach ma hop

chdt xdy ra phosphoryl hod ¢ thé nang rat cao cho phép budc
10 xay ra.

@ Phan ung cudi cling ctia dudng phan tao ra nhiéu ATP hon
nh& chuyén nhém phosphate tit PEP dén ADP - vi du thif hai

cutia phosphoryl hoa muc co chat. Do budc nay xay ra hai 13n cho
mdi phan tir glucose nén da tao ra 2ATP. Tém lai, duong phan da
dung 2ATP trong pha ddu tu ning lugng (budc 1 va 3) va da tao
ra 4ATP trong pha thu hdi nang lugng (budc 7 va 10) nén thuc
thu 1 2ATP. Duéng phan da hoan tra cho d3u tu ATP véi 100%

lai sudt. Phdn nang lugng phu tri dugc dy trir & budc 6 trong
NADH ¢4 thé dugc sir dung dé tdng hop ATP nhd phosphoryl ho
oxy hod néu c6 oxygen. Glucose bi phan gidi va oxy hoa thanh 2
phan tlf pyruvate — sdn phdm cudi cling clia duéing phan, néu ¢4
oxygen, nang lugng hod hoc trong pyruvate cé thé duac chiét rit
béng chu trinh acid citric. Néu khdng c6 oxygen, su 1én men ¢6
thé xdy ra. Phan nay sé dugc trinh bay trong phén tiép theo.

CHUONG CHIN  H6 hép té bao: Thu nhan ning lugng hod hoc 169
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Chu trinh acid citric oxy hoa hoan
toan cac phan tir hilu co san sinh
ra nang luong

Dudmg phan gidi phéng dudi mot phin te ning lugng hod
hoc du trit trong glucose. Phdn 16n nang lugng con lai
duge du trir trong 2 phan tr pyruvate. Néu ¢6 oxygen
phan tir, pyruvate di vio ty thé (trong t€ bio nhan thyc),
& d6 cdc enzyme clia chu trinh acid citric oxy hod hoan
todn glucose (trong t&¢ bdo nhan so, qud trinh ndy xdy ra
trong phin bio tuong).

Ngay khi xAm nhip vdo ty thé thong qua sir van
chuyén chii ddng, trude tién pyruvate bién déi thinh chat
£0i 1a acetyl coenzyme A hoijc acetyl CoA (Hinh 9.10),
Buéc ndy — chd néi gitta dudng phan va chu trinh acid
citric duge thuc hién nhd phirc h¢ da enzyme xic tic 3
phan img: @ nhém carboxyl ctia pyruvate (-COO") da bi
oxy hod hoan toan va do d6 c6 it hod ning bi loai ra duéi
dang phan tir CO,. (Pay Ia budc dau tién trong d6 CO,
dugc giai phéng trong h6 hap.) ® Doan 2 carbon con lal
bi oxy hod, tao ra chit mang tén acetate (dang ion hod
cua acid acetic). Enzyme chuyén cdc electron di chiét
it cho NAD* du trit ning lugng & dang NADH. © Cuéi
ciing, coenzyme A (CoA), chat chita Iuu huynh bat nguén
tir vitamin B, dugc gin vio acetate nhd lién két khong 6n
dinh (duong gon séng trong Hinh 9.10) khién cho nhém
acetyl (acetate gian két) rit hoat dong. Nho tinh chit ho4
hoc clia nhém CoA nén sin phim ciia su chudn bi hod
hoc nay — acetyl CoA c6 mét thé ning cao. N6i mot cich

khic, phan img cia acetyl CoA tao ra c4c san phdm c6’

ning lugng thip hon 1a phan (ng toa nhiét manh. Bay gio
. phan tir ndy sdn sang cung cip nhém acetyl cia noé cho
chu trinh acid citric dé oxy ho4 ti€p tuc.

BAO TUONG TY THE

A Hinh 9.10 Su bién déi pyruvate thanh acetyl CoA- mdi
ndi giira duding phan véi chu trinh acid citric. Pyruvate la
phan tir tich dién, vi thé trong té bao nhan thyc né phai xam
nhap vao ty thé théng qua sy van chuyén chii ddng véi sy hd
trg ctia protein van chuyén. Ti€p dén, phic hé gém mét sé
enzyme (phuc hé pyruvate dehydrogenase) xuc tac 3 budc
dugc dénh s nhu trong bal . Nhém acetyl clia acetyl CoA sé
xam nhap vao chu trinh acid citric. Phan t& CO, s& khuéch tin
ra khoi té bao.

170 PHAN2 Té&bao

Chu trinh acid citric ciing duge goi 1 chu triny
tricarboxylic hay chu trinh Krebs dé ton vinh Hans Krebs
nha khoa hoc Dirc — Anh, ngudi ddm trich chi yéu vige
phdt minh ra con dudmg chuyén hod nay vio nhimg nam
1930 ctia th&ky trude. Chu trinh hoat dong nhur 16 chuyén
hod c6 chitc nang oxy hod nhién li¢u hitu co bit nguén
tir pyruvate. Hinh 9.11 t6m tit cdc chi tiéu va sin phdm
duge tao ra khi pyruvate bi phan tgi.’li thanh 3 phan ti
CO, bao gém cd phan tir CO, dugc gidi phong trong phin
lmg bién ddi pyruvate thanh acetyl CoA. Chu trinh tao
ra 1 ATP trén moét chu trinh nhd phosphoryl hod mirc
co chit, con phin 16n hod nang duge chuyén cho NAD*
va chiit mang electron c6 lién quan — coenzyme FAD
(flavin adenine dinucleotide, bit nguén tir riboflavin -
mot vitamin B) trong cic phin img oxy hod khir. Cic
coenzyme khirt NADH va FADH, di chuyén nhu con thoi
chd hang ctia chiing gém cic electron cao ning cho chudi
chuyén electron.

Bay git chiing ta hiy xem xét chu trinh acid citric
mot cdch chi tiét hon. Chu trinh ¢6 8 bude ma méi bude
dugc xdc tic bdi mot enzyme dic hiéu. Ban c6 thé thiy
trong Hinh 9.12 trong d6 d6i v6i méi vong ctia chu trinh

Pyruvate
(tir dudng phan,
2 phan tirti mot glucose)

T 000

NAD*
NADH
+H* Acetyl CoA
Q-0-CD

A Hinh 9.11 Téng quan vé chu trinh acid citric. D& tinh toan
dau vao va diu ra cho mét phan tif glucose thi ta cin nhan vdi
2 1an vi mdi phan tir glucose trong dudng phan tach thanh 2
phan t pyruvate.
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© CoA dugc thay thé bing nhém phosphate, nhém nay dugc
. chuyén dén GDP tao GTP, phén tif ¢4 chiic nang giéng vai ATP
va trong mét s6 trudng hgp dugc dung dé téng hop ATP.

AHinh9.12 Xem xét chi tiét hon vé
chu trinh acid citric. Trong c4c cdu tric
hod hoc, loai mau dé dénh déu s6 phan
clia 2 nguyén ti carbon xam nhap vao
chu trinh thong qua acetyl CoA (budc 1)
va loai mau xanh biéu thj 2 carbon d6

ra khéi chu trinh dudi dang CO‘.z trong
budc 3 va 4. (D5u mau dd chl di téi budc
5 bdi v phan tir succinate la d6i xung,

hai ddu khong thé phén biét nhau). Luu
y ring nguyén ti carbon di vao chu trinh
tlr acetyl CoA thi khong rdi chu trinh
trong cung vong. Ching luu lai trong
chu trinh, chi€ém mét vj tri khac trong
cac phén tif trén vong tiép theo sau khi
nhém acetyl khic dugc bé sung. Két

qua |2 oxaloacetate dugc téi sinh & buac
8 gém cac nguyén tif carbon khac mdi

CHUONG CHIN

HO hdp t& bao: Thu nhan nang lugng hod hoc

vong quay. Trong cac t€ bao nhan thuc,
tdt cd cac enzyme ctia chu trinh acid citric
dugc dinh vj trong phan chdt nén ty thé
trir déi vdi enzyme xuc tac budc 6 dinh vj
& mang trong ty thé. Cac acid carboxylic
dugc biéu thi trong dang ion hoa nhu
—CO00™, do céc dang ion hoa chiém wu
thé & pH bén trong ty thé. Vi dy, citrate 13
dang ion hod ctia acid citric.
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acid citric thi 2 nguyén tir carbon (d6) xam nhdp vao chu
trinh ¢ dang Khir twrong d6i ctia nhém acclyl (bude 1) va
2 carbon Khéc (xanh) rdi khoi chu trinh & dang oxy hoi
hoan todn cia phan tit CO, (bude 3 v 4). Nhém acetyl
cua acetyl CoA ndi vao chu trinh nho két hop vé6i hgp
chét oxaloacetate, hinh thanh citrate (buée 1). (Citrate

12 dang ion hod cta acid citric va vi vdy chu trinh mang -

tén citric). Bay bude tiép theo phan ly citrate trd lai thinh
oxaloacetate. Do du tdi sinh cia oxaloacetate 1am cho
qud trinh ndy thanh mét chu trinh hay thanh mot vong.

Bay gidr chiing ta hay tinh s6 lugng cdc phan tir gidu
nang lugng do chu trinh acid citric tao ra. Vi mdi nhém
acetyl xadm nhap vao chu trinh, thi 3NAD* bi khir thinh
NADH (cdc budc 3, 4 va 8). 3 bude 6, electron khong
dugc chuyén cho NAD* ma cho FAD va phan tit ndy nhan
2 electron va 2 proton dé bi¢n thainh FADH,,. Trong nhiéu
1€ bao cia mod dong vat, bude 5 tao ra phan tir guanosine
triphosphate (GTP) nh& phosphoryl hod mitc co chit nhu
trinh bay trong Hinh 9.12. GTP 1a mot phan tir giong vdi
ATP vé c4u tric va chifc ning t&€ blo. T& bio c6 thé dung
GTP ndy dé tao phan tit ATP (nhu da trinh bay) hoic truc
tiép chuyén nang luong dé sinh cong trong t€ bio. Trong
1€ bao clia thuc vat, vi khuin vi mét s6 moé dong vat, thi
budce 5 truc ti€p tao phin tir ATP nho phosphoryl hod mitc
co chat. Hiéu suit ddu ra tir bude 5 cho thdy ATP duy nhat
phat sinh truc ti€p nhd chu trinh acid citric.

Phin 16n ATP do ho hap tao ra tir phosphoryl hod oxy
hod, khi NADH va FADH, do chu trinh acid citric tao
ra, chuyén electron dugc chiét rit tir thidc an cho chudi
chuyén electron. Trong qud trinh d6, ching cung cap
nang luong can thiét dé phosphoryl hod ADP thanh ATP.
Chiing ta sé khao sat qua trinh nay trong phin tiép theo.

9.3

1. Néu tén phan tir dv trit phdn 16n nang lugng tir cic
phan tmg oxy hod khir ctia chu trinh acid citric.
Nang lugng nay bién thanh dang c6 thé dugc sir
dung dé téng hgp ATP nhu thé no?

2. Ciéc qué trinh t€ bao nao tao CO, ma ban thd ra?

3. EETEET Nhimg bién d6i the hién trong Hinh
9.10 va bu6c 4 clia Hinh 9.12 va méi trudng hop
dugc xic tic bdi phic hé 16n da enzyme. C6 su
tuong ty no trong c4c phan tng xdy ra trong hai

trudng hop nay? I

Cau tr 18i ¢6 trong Phy luc A.
94

Trong phosphoryl hoa oxy hoa, co

ché& hoa thdm di kém véi chuyén

electron dé tdng hop ATP

Muc tiéu chi yéu cta chiing ta trong chuong nay 1a tim
hiéu t€ bao thu nang lugng cia glucose va cdc chat dinh
dudmg khéc trong thic 4n dé tao ATP nhu thé ndo. Nhung
cho t6i liic ndy chiing ta da phan tich cdc thinh phéin
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chuyén hod vat chit ctia ho hap l1a dudmg phén vi chu trinh
acid citric chi tao ra 4 phan tir ATP trén phan tit glucose,
14t ca déu nhos phosphoryl hod miic co chit: 2ATP thuc tir
dudmg phan va 2ATP tir chu trinh acid citric. O thi diém
ndy, cdc phan tir NADH (va FADH,) chifa phin 16n ning
lugng duge chiét rit tir glucose. D.’ly 12 cdc phan tir ho
tong electron c6 chirc nang lién két dudmg phan va chu
trinh acid citric v6i co ché€ ciia phosphoryl hod oxy ho4
ding nang lugng do chubi chuyén electron giai phéng
dé cung cip nang lugng cho qua trinh téng hop ATP.
Trong phén ndy, tru6c tién ban s& tim hiéu chudi chuyén
electron hoat dong nhu thé no, ti€p theo electron chuyén
theo chudi dugc lién két nhu thé ndo vai tdng hop ATP.

Con duong chuyén electron

Chudi chuyén electron 12 mot tap hgp cdc phan tir duge
gin vdo mang trong cia ty thé trong t&€ bao nhan thuc
(& t€ bdo nhan so, ching dinh vi & mang sinh chat). Su
g4p nép clia mang trong tao ra nép gd (mao) trong ty
thé 1am tang dién tich bé mat, cung cdp khong gian cho
hang nghin ban sao ctia chudi trong méi ty thé. (Mét lin
nira chiing ta thiy rang ciu tric phit hgp véi chic nang).
Phan 16n cic thanh phin cta chudi la protein va ton tai
trong cic phitc hé da protein mang s6 I cho dén IV. Lién
két chat véi protein nay 1a cic nhém tién 16 (prosthetic
group) thanh phin khong phai protein cin cho cic chic
nang xuc tic cia mot sd enzyme.

Hinh 9.13 cho thdy trinh tu cla cdc chit mang
electron trong chudi chuyén electron va d¢ sut giam vé
ning lugng tu do khi electron di chuyén xu6i theo chudi.
Trong qud trinh chuyén electron doc theo chuéi, cdc chat
mang electron luin phién giita cdc trang thdi khir va oxy
ho4 khi ching nhan va cho electron. Méi thanh phin cia
chudi bi khir khi né nhan electron tir chat lan can phia
trén c6 4i luc electron thap hon (dién it Am hon). Vé sau
né quay lai dang oxy ho4 khi né chuyén electron cho chat
lan c4n phia dudi cé dién 4m 16n hon.

Bay gio chiing ta hdy xem xét sau hon vé chudi chuyén
electron trong Hinh 9.13. Pdu tién chiing ta giai thich su
chuyén electron thong qua phitc hé I mot cich chi tiét nhu
1a bic tranh vé cdc nguyén 1y chung c¢6 lién quan trong
chuyén electron. Electron bi loai khoi glucose nhy NAD*
trong dudng phin va trong chu trinh acid citric duge
chuyén tit NADH dén phén tir diu tién clia chudi chuyén
electron trong phiic hé I. Phan tir ndy 12 mot flavoprotein,
mang tén nhu vy do né ¢6 nhém tién té duge goi 1a flavin
mononucleotide (FMN). O phan g oxy hod khir tlép
theo, flavoprotein quay lai dang oxy hod khi né chuyén

_ electron dén protein Fe — S (Fe*S trong phiic hé [ ) mot hé

protein lién két chit véi Fe va S. Vé sau, protein sat-luu
huynh chuyén electron cho hgp chit mang tén ubiquinone
(Q trong Hinh 9.13). Chat mang electron ndy la mot phan
tir nho ky nude, thanh vién duy nhit ciia chudi chuyén
electron khong phai 13 protein. Ubiquinone di dong mot
céich don 1€ bén trong mang chit khong dinh vi trong phic
hé riéng. (Tén khédc cho ubiquinone 12 coenzyme Q hay
CoQ. Ban c6 thé thdy n6 dugc ban trén thi trudng dudi
dang yéu 16 bé sung dinh dudng).
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AHinh 9,13 Subién d3i ndng lugng tu do trong qua trinh
chuyén electron. Téng do sut nang luang ( AG) déi véi
electron chuyén tif NADH @én oxygen la 53kcal/mol n'hu'ng )
"d sut" ndy bj tich ra thanh mot loat cac budc nho bé hon cau
thanh chudi chuyén electron. (Nguyén tif oxygen biéu thi g Siay
nhu 13 1/2 O, d& nhin manh rang chudi chuyén electron khit
oxygen phan t(r, 0, chir khdng phai nguyén tl oxygen riéng
18).

Ph4n 16n chét mang electron con lai gilta ubiquinone
v oxygen 1a protein mang tén cytochrome. Nhém tién
t6 cha ching goi 12 nhém heme c6 nguyén tir Fe lam
nhiém vu nhan va cho electron. (N6 giéng vdi nhom
heme trong hemoglobin, protein ciia t€ bdo héng cdu
chi trir mot diéu 12 Fe trong hemoglobin mang oxygen,
khong mang electron). Chudi chuyén electron c6 mot
s6 loai cytochrome va méi protein khdc nhau v6i nhénf
heme mang electron khéc nhau chiit it. Cytochrome cu6i

CHUONG CHIN

ciing ctia chudi, cyt a,, chuyén electron cho oxygen rit
4m dién. Mdi nguyén tir oxygen ciing 14y mot doi ion
hydrogen tir dung dich va tao ra nudc.

Nguén electron khdc cho chudi chuyén electron 12
FADH, - sin phdm khir khdc cta chu trinh acid citric.
Luu § trong Hinh 9.13 ring FADH, chuyén electron cho
chudi chuyén electron & phitc hé II, & m6t mic ning
lugng thap hon so véi NADH. Do d6, mic du NADH
vd FADH, déu chuyén mot s6 electron tuong duong (2)
dé khir oxygen, nhung chudi chuyén electron cung c4p
khoang 1/3 nang Iugng it hon dé téng hop ATP khi ch4t
cho electron 12 FADH, hon 1a NADH. Chiing ta s& th4y
tai sao trong phén ti€p theo.

Chudi chuyén electron khong tao ATP mot cich truc
tiép. Thay vi, n6 1am nhe b6t do sut giam electron tir thic
in dén oxygen, phan chia d0 sut ning lugng ty do 16n
thanh mot loat cdc buéc nhd hon ma gidi phéng ning
lugng vdi liéu lugng dé sir dung. Ty thé (hodc ming sinh
chit t€ bao nhan so) lién két su chuyén electron nay véi
gidi phong nang luong dé tdng hop ATP nhut thé nao? Cau
tra 101 12 co ché mang tén hod thdm.

Hoa thdm: Co ché lién két nang luong

Pinh vi 0 mang trong ty thé hay mang sinh chit cta t&
bao nhan so 12 nhiéu ban sao cha phirc hé protein goi
ATP synthase, enzyme thuc su téng hgp ATP tir ADP va
phosphate vo cd. ATP synthase hoat dong giéng nhu bom
ion chay theo chiéu nguoc. Hay nhd tir Chuong 7 ring
bom ion thudng ding ATP nhu 12 nguén nang lugng dé
truyén céc ion ngugc gradient cua ching. Thyc t&, bom
prtoton trong Hinh 7.19 1a ATP synthase. Nhu chiing ta
da trinh bay trong Chuong 8, enzyme c6 thé xiic tdc phan
tmg theo ca hai chiéu phu thudc vao AG cho phin tng
va chiu tic dong bai néng do tai chd cua chit phan ing
vd sin phdm. Hon thé, enzyme thuy phan ATP dé bom
proton ngugc gradient ndéng dé cta ching, trong diéu
kién ctia ho hap t& bao, ATP synthase ding ning lugng
cua gradient ion hién c6 dé€ cung c4p ning lugng téng hop
ATP. Nguén ning lugng cho ATP synthase 1a sut chénh
léch vé ndng do ctia H* trén cdc phia d6i dién ctia mang
trong ty thé. (Ching ta ciing c6 thé nghi vé gradient nay
nhu 1a su sai khéc trong pH vi pH 12 mot s6 do vé ndng do
H*). Qu4 trinh trong d6 ning lugng dugc bao toan & dang
cha gradient ion hydrogen qua mang duoc ding dé diéu
khién viéc sinh cong t& bao nhu téng hop ATP dugc goi
12 co ché hoa thim (chemiosmosis). Trudc day chiing ta
da dung tir thdm th&u (osmosis) dé Iy gidi sy din truyén

[nude, nhung & ddy né dm chi dong H* di qua mang.

Tt viéc nghién citu vé ciiu tric cia ATP synthase, cic
nha khoa hoc da hiéu dong H* di qua enzyme 16n nay
cung cip nang lugng dé téng hgp ATP nhu thé nao. ATP
synthase 14 phitc hé da tiéu don vi véi bon phén chinh va
mdi phin duge cdu thanh bing nhiéu polypeptide. Timg
proton mét di vio vi tri lién két trén mot bd phan (rotor)
1am né quay theo céch gidp xic tic tdng hgp ATP tir ADP
va phosphate vo co. Do d6, dong proton hoat dong mang
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© lon H* di xudi
theo gradient vao
nua kénh trong
stator dugc neo
gilf trong mang.

@ lonH' xam
nhap vao vj trl

lién két bén trong
rotor, bién d8i hinh
dang cia mdi tiéu
dan vi sao cho
rotor quay bén
trong mang.

© MbiionH* tao
mét vong hoan
toan trudc khi rai
rotor va chuyén
qua nla kénh thu
hai trong stator

O Suquaycla
rotor lam truc néi
bén trong cing
quay, truc nay kéo
dai nhu cuéng néi
vao num dudiné
dugc gitt 6n dinh
nhd mét bé phan
cla stator.

© Suquaycia
truc c6 tdc dung
hoat hod cac v tri
xUc tac trong num
taora ATP tir ADP
va Pi (phosphate
vo co).

CHAT NEN TY THE

A Hinh 9.14 ATP synthase — nha may phén td. Phic hé
protein ATP synthase hoat dong nhu mot nha mady dugc cung
cdp ndng lugng nhd dong céc ion hydrogen. Phitc hé nay dinh
vi trong mang ty thé va luc lap cla té bao nhan thuc va trong
mang sinh chit cta té bao nhan so. Méi trong bén bd phan cla
ATP synthase gém mdt s& céc tiéu don vj polypeptide.

ding diéu hoi giong dong nudc ao at chay lam quay tua
bin nudc (Hinh 9.14),

ATP synthase la dOng co quay phan tir nho nhat trong
tu nhién. Nghién ciru da din dén viéc mé ta chi tiét hoat
dong clia enzyme ndy d4u tién di chi ra ring bo phin cta
phiic hé thuc su quay trong mang khi phin dng tién hanh
theo hu6ng thuy phdn ATP. Mac dii c4c nha sinh hod hoc
gia dinh ring co ché quay tuong tu c6 chiic ning téng hop
ATP, tuy nhién chua c6 su ting ho didt khodt cho mé hinh
ndy mai cho dén 2004 khi mot s6 t6 chic nghién ciu
phéi hop v6i cong ty tr nhan di c6 ging gidi quyét vin
dé dang tranh cdi ndy v6i viéc sir dung cong nghé nano
(k¥ thuat diéu tiét vat chat & mic phan tir, bit ngudn tir
tir Hy Lap nanos c6 nghia Ia “chd Iun”"). Hinh 9.15 trinh
bay thi nghiém tinh vi do cdc nha nghién ctiu ndy thuc
hién dé chimg minh ring chiéu huéng quay clia mot bo
phan clia phifc hé protein trong méi lién quan véi bo phan
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vao chit nén ty thé.

S AN O Timhiéas |
Su quay cuia truc n8i bén trong cia ATP
synthase c6 @dm nhan viéc tong hop ATP
hay khéng?

THINGHIEM C4c thi nghiém trudc vé ATP synthase da
ching minh ring “tryc bén trong” quay khi ATP bj thuy
phan (xem Hinh 9.14). Hiroyasu Itoh va déng sy I3p thi
nghiém d& nghién c(tu liéu sy quay truc theo hudng ngugc
lai c6 d3n dén téng hgp ATP khong. Ho da tach riéng tryc
bén trong va niim xuc tac sau d6 c6 dinh ching vao mét
dia nickel. G4n hat cé tif tinh vao truc. Bat phuc hé nay
trong phdng chda day nam cham dién va hat dugc thao téc
nhd kich hoat lién tiép clia nam cham dé lam quay truc bén
trong theo ¢4 hai hudng. Céc nha nghién clu da gid dinh
rAng néu hat quay theo chiéu ngugc véi chiéu da quan sit
trong qué trinh thuy phan thi sy tdng hop ATP tat xayra.
Muc ATP dugc ghi lai nh& “enzyme théng bdo”, enzyme
nay trong dung dich phat ra lugng énh sdng gian doan
(photon) khi né thuy phan ATP. Gia thuyét cia ho cho rang
su quay theo mét hudng sé tao ra nhiéu photon hon so véi
su quay theo huéng khac hodc cudi cing khéng quay.

Hat tuf tinh
(hat nam ™
L cham) \
Nam cham dién - 1 "
Miuthi 4 K |Trucbén
nghiém - rong i
\ [‘ NUm xuc
o > tac B4n nickel
. ]
KETQUA  Nhiéu photon hon dugc phat ra do quay truc

trong 5 phtit theo mét hudng (c6t mau vang) so vai trudng
hop khong quay (cét mau xam) hodc quay theo chiéu
ngugc lai (cdt mau xanh).

] Quay theo mét chiéu

Quay theo chiéu ngugc lai

N
v
1

S8 photon dugc
phat hién (x103)

]
o
1

L.

Céc phép thirlién tiép

KETLUAN  Cic nha nghién ctu da két ludn ring su quay
¢o hoc clia truc bén trong theo mét chiéu dac biét bén
trong ATP synthase c6 |8 1a tit ca nhimng gi cdn cho viéc
tao ra ATP. Khi da biét ATP synthase la motor quay nho
nhat thi mét trong nhing muc dich trong loai nghién ciu
nay Ia dé nghién ctu st dung hoat ddng cliia motor nay
trong phuaong thdc nhan tao nhu thé nao.

NGUGN H.Itoh et al, Mechanically driven ATP
synthesis by F —ATP ase, Nature 427: 465468 (2004).

Doc va phan tich cac bai bdo trong
Inquiry in action (Thitc hanh tim hiéu). Binh ludn vé cac bai
bdo khoa hoc dé.

ICIETERTEH Cot (mau xdm) “khdng quay” bidu thi muc
ATP co ban trong thi nghiém. Khi enzyme quay theo mét
hudng (cét mau vang) thi su ting mic ATP cho thdy su
tdng hgp dang xay ra. BGi véi enzyme quay theo hudng
khac (cot mau xanh), mic ATP nao khién ban hy vong
sanh dugc vai cdt mau xdm? (Luu y: Day cé thé khdng phai
13 diéu quan sat dugc). :
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khdc chi chiu trich nhi¢m hodc d€ tdng hop ATP hodc
thuy phin ATP. '

Mang trong ty thé hojc mang sinh cht t€ bao tao ra
vd duy tri gradient H* nlar thé ndo d€ gradient d6 xiic
tién t6ng hgp ATP nhdy phite he protein ATP synthase?
Viéc thi€t 1ap gradient H* 12 chie nang chit yéu clia chudi
chuyén electron va duge trinh bay véi vi trf ty thé trong
Hinh 9.16. Chudi chuyén electron 13 bo mdy chuyén déi
nang lugng sir dung dong electron phét nhiét tir NADH
vd FADH, d¢ bom H* qua ming tir chat nén ty thé dén
khodng gian mang. H* ¢6 khuynh huéng van dong trés
lai qua mang, khuéch tdn xudi theo gradient ctia n. Con
cdc ATP synthase 14 vi trf duy nhAt tao con dudmg thong

- Phuc Hé pfotéin

qua mang cho H*, Nhu chiing ta d4 trinh bay trong phin
tnrée, viee di chuyén clia H* qua ATP synthase sir dung
dong H* ph4t nhiét dé thic ddy phosphoryl hod ADP. Do
d6, nang lugng du trir trong gradient H* qua mang da lién
két c4c phan tmg oxy hod khir ctia chudi chuyén electron
véi qué trinh téng hop ATP, mot vi du vé hod thdm.,

thdi diém nay ban c6 thé tu hoi chudi chuyén
electron bom cdc ion hydrogen nhu th€ ndo. Cic nha
nghién ctu da tim thdy cdc thanh vién nh4t dinh cia
chudi chuyén electron nhan va phdng thich proton (H*)
cing vdi electron. (Céc dung dich 1ong & bén trong va bao
quanh t& bao 1a nguén H* ¢6 sdn). O cdc bude nao dé doc
theo chudi, su chuyén electron lam cho H* dugc hdp thu

Mang trong
ty thé

Xoang gian
mang ﬁ gém cac chat 5 Cytc £
mang electron 4 42
St vl A RN E = AT NEEPEEIY
£ i) v _’?rfif BT ’,"},:},};
s gt v ATP
J' A . el ‘ synthase
!1"\:\.-1‘\_‘ A
Mang trong TR AN 2H*+%0, H,0 3
ty thé o
L . |NADH T ®I %
(Mang electron
tif thic &n) @
——— — N —
g ——— e
Chat nén @ Chudi chuyén electron © Hoa thim
ty thé Su chuyén electron va bom proton (H*) Su tdng hop ATP dugc cung cdp ndng
tao ra gradient H* qua mang lugng nha dong H* di trd lai qua mang
S—— W P Y

A Hinh9.16 Hoa thdm g4n két chuéi
chuyén electron véi téng hgp ATP.

ubiquinone (Q) va cytachrome ¢ (Cyt ¢)
di d6ng nhanh chuyén chd electron

S e
Phosphoryl hoa oxy hoa

@ Trong qua trinh hod thim, dong
proton quay lai xudi theo gradient thong

© NADH va FADH, Iam con thoi chuyén
electron cao néng éUqc chiét rat ti thac
an trong qud trinh dudng phan va chu
trinh acid citric @&n chudi chuyén electron
gén & mang trong ty thé, Mai tén mau
vang danh dau sy dan chuyén electron
ma cudi ciing chuyén cho oxygen & ddu
“cuéi déc” chia chudi, tao ra nuéc. Nhu

& Hinh 9.13 da trinh bay, phn lén cac
chdt mang electron ctia chudi hgp thanh
bén phiic hé. Hal ch&t mang di dong,

gitfa cc phuc hé 1dn. Khi cac phtc hé |,

Il va IV nhan va sau d6 cho electron thi
chting bom proton tif ch&t nén ty thé vao
khodng gian mang. (Trong t& bao nhén sg,
céc proton dugc bom ra ngoai mang sinh
chét). Luuy rang FADH, gii electron &
phuc hé Il va nhu vay it electron hon dé
bom vao khodng glan mang so véi NADH.
Ban du hod ndng thu tir thic 3n duge
bién déi thanh lyc van déng proton — mot
gradient clia H* qua mang.

CHUONG CHIN

qua ATP synthase dugc gdn bén canh
mang. ATP synthase Igi dung luc van
déng proton dé€ phosphoryl hoa ADP
thanh ATP. Tém lai, su chuyén electron
va hoa thdm ciu thanh phosphoryl hod
oxy hod.

m Néu phc hé IV khéng
hoat @dng thi hod thdm c6 thé tao ra ATP

khéng va néu nhu vdy téc d6 téng hop sé
khdc nhau nhu' thé nao?
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v dugce phong thich vao dung dich xung quanh. G t¢ bdo
nhan thue, chit mang electron duge sép xEp theo khong
gian trong mang theo cdch md H* nhan dugc tir chat nén
ty thé va duge giit lai trong khoang gian mang (xem Hinh
9.16). Gradient H* xuit hi¢n duwge coi 1a Iue van dong
proton dé nhiin manh kha nang ciia gradient thyce hién
cong 1€ bho. Dong lye thiic ddy H* di trd lai qua mang
thong qua céc kénh H* duge ATP synthase cung cap.
Theo nghia 0ng quét, hod thdm la co ché lién két
nang luong, loai co ché’ d:)nq ndang lwong du triv dudi
dang chénh l¢ch (gradrent) nong do H* qua mang giip
t¢’bao hoat dong. 'ﬁong ty thé, nang lugng dé hinh thanh
gradient bit nguén tr cdc phdn Wmg oxy hod khir thai
nhiét va su tdng hop ATP 1a cong duge thue hién. Nhung
hod tham ciing xdy ra dAu d6 v theo cdc bién dbi khic.,
Luc lap dung hod thdm dé phat sinh ATP trong qu4 trinh
quang hgp. Trong céc bdo quan ndy, 4nh sdng (chit khong
phai hod niing) thiic ddy ca dong electron xudi theo chudi
chuyén electron va din dén sy hinh thanh gradient H*,
Nhu da néu, t€ bao nhin so phét sinh gradient H* qua
mang sinh chét. Chiing khai thic luc van dong proton
khong chi dé€ téng hop ATP bén trong t€ bao ma con dé
quay roi t€ bao va dé bom chat dinh dudng va cdc chat
thdi qua mang. Do tdm quan trong chinh y&u d6i vdi cic

qu4 trinh bién d6i nang lugng trong t& bao nhan so va t&

bao nhan thuc nén co ché hod thdm da gitip thong nhat
nghién citu vé nang luong sinh hoc. Peter Mitchell da
nhan gidi Nobel nam 1978 cho sy dé xuat ddu tién vé mo
hinh hoa thim.

BAO TUONG Cac con thoi electron
xuyén qua mang

Tinh san lugng ATP dugc tao ra trong hé hdp
té bao

Trong mot vai phdn trude, ching ta di xem xét ky hon v
cdc qud trinh chii yéu cta ho hip t€ bao. Bay gid ching ta
hiy quay lai v nhd lai tdng chic nang: Thu nang lugng
ctia glucose dé t6ng hgp ATP.

Trong qué trinh ho hdp, phdn Ién nang lugng d;
chuyén theo trinh tu ndy: glucose - NADH — chuj
chuyén electron — lyc van dong proton — ATP. Chiing
ta c6 thé tinh todn thu nhap ATP khi ho hdp t&€ bao oxy
hod mot phan tir glucose thanh 6 phan ti carbon dioxide,
Ba phédn chinh clia qué trinh chuyén hod nay 13 dudng
phan, chu trinh acid citric va chudi chuyén electron gidp
thic ddy phosphoryl hod oxy ho4. Hinh 9.17 néu su tinh
toan chi tiét vé hiéu qua tao ATP trén phan tir glucose bj
oxy hod. Téng ATP dugc tinh bing cich cong 4 ATP do
phosphoryl hod mifc co chét tryc ti€p tao ra trong dudng
phan véi chu trinh acid citric tao ra nhi€u phan tir ATP
hon do phosphoryl hod oxy hod. Mdi NADH chuyén
mot doi electron tir glucose dén chudi chuyén electron
déng gép di cho lyc van dong proton dé phét sinh i da
khodng 3 ATP.

Tai sao cic con sd trong Hinh 9.17 khong chinh x4c?
Cé6 ba 1y do khién chiing ta khong thé khing dinh mét con
s6 chinh xdc phan tir ATP dugc phat sinh nh& qua trinh
phan giai mét phan tir glucose. Thit nhét, phosphoryl hoa
va cdc phan ing oxy hoa khir khong lién két truc tiép véi
nhau vay nén ty s6 cia s phan tir NADH véi s6 phan tit

\ \ TY THE \ B

qEi L)

| 6 NADH ju 2FADH,
\ *1 A
\

Phosphoryl hoé oxy \
- hoa:suchuyén

=

.,

[ +2ATP +2 ATP + khoang 32 hodc 34 ATP |
" Nh& phosphoryl Nhd phosphoryl Nh& phosphoryl hod oxy hod phu thudc
hod mifc ca chat vao con thoi nao chuyén electron tit

hoa mifc ca chit

NADH trong dich bao

Cuc dai ti mét glucose:

7

A Hinh 9.17 Hiéu qua san xudt ATP trén moi phéan tir glucose & méi giai doan ctia hé hap té bao.
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ATP khong phdi 12 mot s6 nguyen. Chiing ta biét ring
I NADH cho 10H* dugc truyén ra ngoai qua mang trong
ty thé v chiing ta ciing biét ring dau d6 trong khodng
wr 3 dén 4H* phai xam nhap lai chat nén ty thé qua ATP
synthase d& phét sinh 1ATP. Do d6, mébi phan tir NADH
phét sinh di lye van dong proton d€ téng hop 2,5 dén
33 ATP va n6i chung chiing ta 1am tron vanéi ring 1 NADH
o6 thé phit sinh khoang 3 ATP. Chu trinh acid citric cing
cung cap electron cho chudi chuyén electron thong qua
FADH., nhung do né xam nhap cham tré hon trong chudi
chuyén electron, nén mdi phan tir ctia chit mang electron
ndy 6 thé dam nhan truyén chi du H* d€ téng hop 1,5
dén 2 ATP. Con s6 ndy ciing giai thich phf t6n nang lwgng
cao khong déng ké d¢ chuyén ATP dugc hinh thanh trong
ty thé ra ngodi di vio phin con lai clia t& bao chat noi ma
n6 sé duge sir dung.

Thit hai, hi¢u qua tao ATP thay ddi khong déng ké phu
thudc vao loai con thoi dugc sir dung dé chuyén electron
tir dich bao vao ty thé. Mang trong ty thé 13 khong thim
véi NADH nén NADH trong dich bo bi tich ra khoi co
chécua phosphoryl hod oxy ho4. Hai electron cia NADH
thu dugc trong dudng phén phai duge chuyén vio ty thé
nhd moét trong s6 cac hé con thoi electron. Phu thudc vao
loai con thoi trong mot loai t€ bao riéng, thi electron hoic
duoc chuyén dén NAD* hoac dén FAD trong chit nén ty
thé (xem Hinh 9.17). Néu electron dugc chuyén dén FAD
nhu trong c4c 1€ bao ndo, thi chi khodng 2 ATP c6 thé thu
duoc tirméi NADH dich bao. Néu electron dugc chuyén
dén NAD* ty thé nhu trong céc t€ bao gan va té bao tim
thi hiéu qua tao nang luong 1a khoang 3 ATP.

Diéu thit ba c6 thé thay d6i ma 1am gidm hiéu qua tao
ATP la viéc ding luc van dong proton phdt sinh nhd cac
phan g oxy hod khir clia h6 hdp dé thic ddy cic loai

cong khic. Vi du, luc van dong proton cung c4p niang °

luong d€ ty thé hip thu pyruvate tir dich bao. Song, néu
t4t ca luc van dong proton do chudi chuyén electron phat
sinh dugc sir dung dé thic ddy téng hop ATP thi mot
phan tir glucose c6 thé 1am phit sinh 16i da 34 ATP do
phosphoryl hod oxy hoa tao ra cong vdi 4 ATP (net) tix
phosphoryl ho4 mirc co chat cho mét téng hiéu qua tao
khoang 38 ATP (hoac chi khoing 36 ATP néu con thoi it
hiéu qua hon ldc dang hoat dong).

Bay gity chiing ta c6 thé 1am mot ddnh gid so bo vé
hiéu qua ciia ho hap — d6 1a ty 1é phan tram cha hod nang
¢6 & glucose dugc chuyén cho ATP. Hay nhé ring sy oxy
hoé hoan toan moét mole glucose giai phong 686 keal nang
lugng trong céc diéu kién tiéu chudn (AG = -686 kcal/
mol). Sy phosphoryl ho4 ciia ADP dé tao ATP du trit it
nhat 7,3 kcal trén mole ATP. Do d6, hi¢u qua cha ho hap
12 7,3 kcal trén mole ciia ATP nhan cho 38 mole ATP
trén mole glucose chia cho 686 kcal trén mole glucose 1a
béng 0,4. Do d6, khoang 40% hod nang tiém nang trong
glucose duge chuyén cho ATP, ty 1¢ phdn tram thyc c6
thé cao hon do AG la thap hon trong diéu kién (€& bao.
Phén con lai ciia nang lugng dy trit bj mét di du6i dang

CHUONG CHIN

nhiét. Con ngudi chiing ta diing s& nhi¢t nay dé duy tri
than nhiét twong déi cao ciia chiing ta (37°C) va chiing ta
phan tén phdn con lai thong qua co ché 48 mé hoi va co
ché 1am lanh khéc. Dac biét ho hap (& bao la rat hi¢u qua
trong sur bién déi nang lwgng. Dé so sdnh, 616 hiéu qua
nhat chi bi¢n dbi khodng 25% nang lugng du trif trong
xang thanh nang lugng d€ xe di chuyén.

9.4

1. Su thi€u O, c6 anh hudng nhu thé nio len qua
trinh thé hién trong Hinh 9.167

2. [CEENEA Khi thi€u O, nhu trong cau héi 1,
ban nghi diéu gi s& xay ra néu ban lam giam pH
clia khodng gian mang ciia ty thé? Giai thich.
Cau tra Idi c6 trong Phu luc A.

9.5

Su lén men va hé hap ky khi cho
phép té bao tao ATP ma khong
dung oxygen

Bdi vi phin 16n ATP, phit sinh nh& ho hép t€ bao 1a do
cong clia phosphoryl hod oxy hod, su tinh todn ching
ta vé hiéu qua tao ATP tir ho hdp hi€u khi con tuy thudc
viio sur cung cAp di oxygen cho t&€ bao. Khong c6 oxygen
am tinh dé kéo electron xuoi theo chudi din truyén, thi
phosphoryl ho oxy hoé dimg lai. Song, c6 hai co ché phd
bién ma nhd d6 céc t€ bao nao dé c6 thé oxy hod nhién
liéu hitu co va phit sinh ATP ma khong diing oxygen: ho
hép ky khi va su [én men. Su phan biét giita hai khai niém
ndy dua vio viéc cé chudi chuyén electron hay khong.
(Chuéi chuyén electron ciing dugc goi 1a chudi ho hap do
vai trd cia n6 trong ho hap t& bao). '
Chiing ta di néi dén ho hap ky khi xay ra trong cac
sinh vat nhan so nhat dinh s6ng trong moi truong khong
c6 oxygen. Cic sinh vat ndy c¢6 chubi chuyén electron nhung
khong ding oxygen nhu chit nhan electron cuéi ciing &
phdn cudi ciia chudi. Oxygen thuc hién chic ning nay
rit t6t boi vi nd 12 chit ¢6 do Am dién rat cao, nhung chit
khdc ¢6 dé 4m dién nho hon ciing ¢6 thé 1am nhiém vu
nhut chilt nhan electron cudi ciing. Vi du, mot s6 vi khudn
bién "khit sulfate”, dang ion sulfate (S0,") & phdn cu6i
ctia chudi ho hap. Su hoat dong clia chudi xdc 14p lue vin
dong proton dugc ding dé tao ATP, nhumg H.S (hydrogen
sulfide) dugc tao ra nhu la san phim phu hon 1a nude.
Lén men I1a mét phuong thiic thu hod ning ma khong
ding oxygen hodc bat ky chudi chuyén electron nio khdc,
hay n6i mot cdch khic 1a khong ¢6 ho hdp t€ bdo. Thitc in
¢6 thé duge oxy hod nhu thé ndo ma khong ding ho hap t&
bdo? Hily nhé, don gidn sy oxy hod chi 12 sy mit electron
cho chat nhan electron, nhu vdy né khong cdn oxygen
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tham du. Durdmg phan oxy hod glucose thanh hai phan tir
pyruvate. Tdc nhan oxy hod ciia dudmg phan 1A NAD* va
khong cfin ¢6 sir tham gia clia oxygen ciing khong cén
bat ky chudi chuyén electron ndo. Mot cdch téng quat,
dudmg phan 1a quéi trinh tod nhi¢t vi tao ra mot s6 nang
lrgng diing d€ tao ra 2 ATP nhd phosphoryl hod mifc co
chit, N&u ¢6 oxygen thi tao thém ATP nhd phosphoryl
hod oxy hod khi NADH chuyén electron bj loai khoi
glucose cho chudi chuyén electron. Nhumg dudmg phan
tao ra 2 ATP bit ludn 6 hoac khong ¢6 oxygen, nghia 1A
bat ludn trong diéu ki¢n hi¢u khi hodc ky khf.

Nhur 14 sur a chon khéc véi oxy hod ho hap cdc chat
dinh dudmg hitu co, 1én men 1A sy mé rong ctia duimg
phan cho phép phdt sinh lién tuc ATP nhd phosphoryl
hod mitc co chat ciia dudng phan, Dé diéu d6 xdy ra thi
phai cung cip di NAD* dé nhan electron trong budc oxy
ho ciia dudng phan, Khong ¢6 mot s6 co ché dé téi sinh
NAD* tr NADH thi dudng phan sé sém dang hét kho
chita NAD* cua t€ bao do khir tit ca NAD* thanh NADH
va s¢ ngimg hoat dong vi thi€u tdc nhan oxy hod. Duéi
diéu kién higu khi, NAD* dugc tdi sinh tt NADH nhd
chuyén electron cho chudi chuyén electron. Su lua chon
ky khi 12 chuyén electron tir NADH dén pyruvate — san
phim cu6i ciing ciia dudng phan.

Cac kiéu 1én men

Lén men bao gbm dudng phan ciing cdc phan img téi sinh
NAD*nho éhuyén electron tir NADH dén pyruvate hoic
cic din xuét cla pyruvate. Sau d6 NAD* c6 thé dugc
duing lai dé oxy ho4 dudng nh¢ dudmg phén nén sinh lgi
ding hai phan tir ATP theo phosphoryl hod mifc co chat.
C6 nhiéu kiéu 1én men, chi khic nhau & sin phdm cu6i
ciing duoc hinh thanh tir pyruvate. Hai kiéu phd bién 1a
1én men ruou va lén men acid lactic. :

0 1én men ruou (Hinh 9.18a), pyruvate bj bién déi
thanh ethanol (ethyl alcohol) theo hai budc, Budc ddu tién
12 giai phong carbon dioxide khoi pyruvate va pyruvate
bi bién déi thanh hop chit c6 2—carbon acetaldehyde.
Trong budc thd hai, acetaldehyde bi NADH khir thanh
ethanol. Nho d6 phuc héi sy cung cdp NAD* c4n dé tiép
tuc dudng phan. Nhiéu vi khu4n tién hanh lén men ruou
trong diéu kién ky khi. N4m men (mot loai nim) ciing
tién hanh lén men rugu. Trong hang nghin nim nay, con
ngudi da ding ndm men d€ san xudt bia, san xust ruou
va lam banh my. Cic bong béng khi CO, phit sinh do
nim men binh my trong qu4 trinh 1én men rugu cho phép
bénh my phéng to lén.

Trong qu4 trinh lén men acid lactic (Hinh 9.18b),
pyruvate bi khir truc ti€p nho NADH dé tao lactate nhu
mot san phdm cudi ciing vA khong gidi phéng CO,.
(Lactate 1a dang ion ho4 cia acid lactic). Su 1én men acid
lactic & nm v2 vi khuén dugc sir dung trong cong nghiép
ché& bién bo sira dé san xust phomat va sia chua,
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A Hinh 9.18 Su'lén men. Khi thiéu oxygen, nhiéu té bao dung
|én men dé tao ATP nhé& phosphoryl hoa muic co chit. Pyruvate
san pham cudi cung ctia duding phan déng vai trd nhu chat
nhan electron dé oxy hoa NADH trd lai thanh NAD* ma vé sau
c6 thé dugc ding lai trong dudng phan. Hai san pham cudi
cung pha bién dugc hinh thanh tif qua trinh 1&n men 1a (a)
ethanol va (b) lactate, dang oxy hod cua acid lactic.

Té& bao co ciia ngudi tao ATP nhe 1én men acid lactic
khi thi€u oxygen. Diéu do6 xay ra trong céc giai doan ban
ddu clia s luyén tap tich cuc khi su di hod duong dé tao
ATP vugt qud sut cung cip oxygen ctia co tir mdu. Trong
céc diéu kién do, t€ bao chuyén tir ho hap hi€u khi sang
len men. Trudc day, ngudi ta 1y gidi viéc tich luy lactate
1am cho co mét méi va dau dén, nhung nghién ciu gin
day cho ring toi gdy dau 1a do mic ion kali (K*) tang
Ien, trong khi lactate hinh nhu 1Am ting hoat dong cua

~ co. Trong bit ky trudng hop nao, lactate thira dan ddn

duge mdu mang dén gan. Lactate bi bién déi trd lai thanh
pyruvate nho cdc t€ bao gan.
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So sanh sir1&én men va ho hép hiéu khi

Lén men VA ho hp 1€ bo hi€u khf 1a cich lya chon ky
khf v hi¢u khf thay th¢ nhau d¢ tao ATP nhiy thu hod
nang W thire &n. Ca hai con dudng déu ding dudmg phan
d& oxy hod glucose va céic nhién liéu hitu cot khdc thanh
pyruvate véi sir sin xudt thue 2 ATP theo phosphoryl ho4
mitc co chit. VA trong cd 1én men va ho hip, NAD* 1A
tdc nhan oxy hod, ¢4 chitc ning nhan electron tir thire an
trong qud trinh dwdmg phan. Su khdc nhau chii yéu & co
ché oxy hod NADH tr¢ lai thinh NAD* cdn dé duy tr
dudmg phén.

Trong qud trinh 1én men, chit nhan clectron cudi
cung 12 mot phan tit hitu co nhu pyruvate (1én men acid
lactic) hodc acetaldehyde (1¢n men rugu). Ngwoc lai, & ho
hap hi¢u khi, chat nhan electron cudi cing tix NADH 1a
oxygen. Qud trinh ndy khong chi tdi sinh NAD* céin cho

duong phan ma con trd 1ai ATP khi chuyén electron theo

timg budc tr NADH dén oxygen thiic ddy su phosphoryl
hod oxy hod. Lugng ATP tao ra thAm chi con 16n hon
duoc bit nguén tr qua trinh oxy hod pyruvate trong chu
trinh acid citric 12 doc nhat vo nhi cho ho hip. Khong
c6 oxygen, nang luong vin dugc dur trit trong pyruvate
khong thé ding dugc cho t& bao. Do d6, ho hap t& bao thu
duoc nhiéu nang lugng hon tir mdi phan tir dudng so véi
1én men. Thuc t€, hé hap sinh 1gi nhiéu gap 19 14n ATP
trén phan tir glucose so v6i 1én men nghia 1a 1én dén 38
phan tir ATP do h6 hap tao ra so véi 2 phan tit ATP do
phosphoryl hod miic co chat tao ra trong 1én men.

Mot s6 co thé, goi 1a sinh vat ky khi bt budc, chi
thuc hién 1én men hoac hé hip ky khi va thyc t€ khong
thé song khi c6 oxygen. Mot vai loai t€ bao nhu cdc t&
bao ciia ndo dong vat c6 xwong song chi c6 thé thuc hién
oxy hod hi€u khi pyruvate nhung khéng thé len men. Cic
co thé khdc nhu nm men va nhiéu vi khuan c6 thé tao
dii ATP d€ sinh s6ng, diing ci 1én men hodc ho hap. Loai
nhu vy dugc goi 1a sinh vat ky khi khong bat buc. &
mifc t€bao, cdc t€ bao co clia ching ta hoat dong nhu sinh
vat ky khi khong bét budc. Trong cic t€ bio do, pyruvate
1a nga ba trong con dudng chuyén ho4 vat chat din dén
hai con duong di hod khéc nhau (Hinh 9.19). Trong diéu
kién hi€u khi, pyruvate c6 thé bién thanh acetyl CoA va
su oxy hod ti€p tuc trong chu trinh acid citric. Trong diéu
kién ky khi, pyruvate bi chéch huéng khéi chu trinh acid
citric, va duge diing nhu 12 chét nhan electron dé tdi sinh
NAD*. Dé tao lugng ATP tuong ty, sinh vat ky khi khong
bt bugc s& phai tiéu thu dudng & mot t6c do nhanh hon
nhiéu khi 1én men so véi khi ho hap.

Y nghia ti€n hoa ctia duong phan

Vai trd clia dudmg phan trong ca 1én men va ho hip c6
mot co s& tién hoa. Sinh vat nhan so ¢ xua c6 thé dung
dudng phan dé tao ATP tir 1au truée khi oxygen c6 trong
khi quyén ctia Trai Dat. Hod thach vi khudn c6 nhdt da
biét ¢6 tir 3,5 ty nam trude, nhung lugng oxygen ddng ké

CHUONG CHIN

Glucose

'BAO TUONG

01'c0 mél:
Ho hap hidu khf
cua té bao

0, khdng c6
mat: Lén men

A Hinh 9.19 Pyruvate nhu |2 méi két néi then chét trong di
hoa. Dudng phan la chung cho Ién men va ho hap té bao. San
phdm cudi cling cia dudng phan, pyruvate, la nga ba trong cac
con dudng di hod oxy hoé glucose. 0 sinh vat ky khi khdng bat
budc c6 thé tién hanh ca hd hap hiéu khi té bao va Ién men,
pyruvate theo con dudng nao thudng la tuy thudc vao viéc cé
oxygen hay khong.

c6 thé khong bét ddu tich luy trong khi quyén mai cho
dén khoing 2,7 ty nam trudc. Vi khudn lam da tao O,
nhur 13 sin pham phu ciia quang hgp. Do d6, cic sinh v:}i
nhan so diu tién cé thé tao ATP chi tir dudng phan. Su
that thi dudng phan ngay nay la con dudng chuyén hod
vat chat phd bién nhat trong s6 cic sinh vat ciia Trai Dat
ching t6 ring dudng phan da tién hod rit sém trong lich
sir chia su song. Vi tri xay ra cia dudng phan trong bao
tuong ciing mang ¥ nghia rit ¢ xua; con dudng chuyén
ho4 nay khong doi hoi bat ky bao quan cé mang bao boc
nao ciia t€ bio nhan thuc, da tién hod gin 1 ty nim sau t&€
bao nhan so. Pudng phan 1a vit thira k€& (vat gia truyén)
chuyén hod vat chat tir cic t€ bao dau tién ti€p tuc hoat
dong trong qui trinh 1én men va la giai doan dau tién
trong viéc phan gidi cdc phan tit hitu cd nhd ho hép.

9.5

1. Xem xét NADH duoc hinh thanh trong qua trinh
duong phan. Cai gi la chit nhan cudi cing cic
electron ctia né trong 1én men? Cii gi 1a chét nhan
cudi ciing cic electron clia né trong hd hip higu
khi.

2. [EIETMENTEE T€ bao nAim men séng nhd glucose
dugc chuyén tir méi truong higu khi dén moi
trudng ky khi. Dé cho t& bao ti€p tuc tao ATP véi
cling toc do, thi toc do tiéu thu glucose cin phai

thay déi nhu thé nao? I

Cau tra 16i ¢6 trong Phu luc A.
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9.6

Duong phan va chu trinh acid citric
lién k{ét vGi nhiéu con duong
chuyén hoa khac

Cho @i lic ndy, chiing ta da A& cip dén s phan gidi oxy
hod glucose trong mot phin riéng tdch khoi su diéu tiét
vd quin 1y qué trinh chuyén hod vat chat chung cha €&
bdo. Trong phéin ndy, ban s& biét ring dudmg phan va chu
trinh acid citric 1a cfic giao tuyén chi yéu cia con duomg
di hod va ddng hod (sinh tdng hop) ciia 1& bo.

Tinh linh hoat cta hién tuong dj hoa

Trong sudt chuong ndy, chiing ta da ding glucose nhu 13
nhién li¢u cho ho hap t& bao. Nhumg céc phan tir glucose
trrdo 12 khong phd bién trong khiu phén thitc in ctia ngudi
v cdc dong vat khic. Chiing ta nhin phén 16n calory cia
chiing ta trong dang cdc chat béo, protein, sucrose, cdc
disaccharide khic va tinh bot — mot polysaccharide. Tat
ci cfic phan tf hitu co ndy trong thic dn ¢6 thé duge ho
hap 1€ bao sir dung dé téng hop ATP (Hinh 9.20).

Dudong phan c¢6 thé nhan mo6t phé rong cic
carbohydrate cho qu4 trinh di hod. Trong 6ng tiéu hod,
tinh bot bi thuy phan thanh glucose, sau dé glucose c6
thé bi phan gidi trong t& bao nha dudng phan va chu trinh
acid citric. Cling nhu vay, glycogen — polysaccharide ma
con ngudi va nhiéu dong vat khic du trir trong t&€ bao gan
va co gilta cic bira an, c¢6 thé thuy phén thanh glucose
nhur 14 nhién liéu cho ho hép. Su tiéu hod cic disaccharide
bao gbm sucrose cung cip glucose va cic monosacharide
khic 1am nhién liéu cho hoé hap.

Protein ciing c6 thé dugc sir dung 1am nhién liéu,
nhung trude tién ching phai duge tiéu hod thanh céc
amino acid. T4t nhién nhiéu amino acid duoc sinh vat
ding dé téng hop cic protein méi: Amino acid du qui
miic thi dugc enzyme bién déi thanh c4c san phdm trung
gian cta duong phan va chu trinh acid citric. Trudc khi
amino acid c6 thé nhap vao dudng phan hoic chu trinh
acid citric thi cic nhém amin phai bi loai bo, mét qua
trinh goi 12 khir amin, Phé€liéu c6 nitrogen bi bai thai khoi

_ dong vat dudi dang ammonia, urea hoac cic sin phim
thira khac.

Di ho4 ciing c6 thé thu ning lugng du trit trong cdc
ch4t béo nhan dugc hoic tir thirc an hoac tir cdc t€ bao
du trir trong co thé, Sau khi chét béo bi tiéu hod thanh
glycerol va cdc acid béo, glycerol bi bién d6i thanh
glyceraldehyde—3-phosphate — chit trung gian clia dudng
phan. Phin 16n nang lugng clia mot chét béo duge dy trir
trong céc acid béo. Chudi chuyén hod mang tén oxy hoa
beta phan giai acid béo thanh doan 2 carbon xAm nhap
vao chu trinh acid citric dudi dang acetyl CoA. NADH
va FADH, ciing dugc tao ra trong oxy hod beta. Chiing
¢6 thé xam nhap vao chudi chuyén electron, diin dén viéc
tao thém nhiéu ATP hon. Ch4t béo tao nén nhién liéu tuyét
vii, chii yéu do c4u triic hod hoc v mifc ning lugng cao
ciia c4c electron so vdi céc loai carbohydrate. Mot gram

180 PHAN2 Tébao

3 TEEG)

[Protein | [ Carbohydrate | |chstbéo
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A Hinh 9.20 Su di hoa cac phan tir khac nhau tir thic an. Cac
carbohydrate, chat béo, protein c6 thé déu dugc dung nhu la
nhién liéu ctia ho hap té bao. Monomer cla cac phan tl nay
xam nhap vao dudng phan hoéc chu trinh acid citric & cac diém
khac nhau. Budng phan va chu trinh acid citric la cai phéu di
ho4, théng qua d6 cac electron tir moi loai phan tir hiiu co
chuyén theo dé suy giam nang lugng sinh nhiét dén oxygen.

chit béo bi oxy hod nhd ho hap tao nhiéu hon hai 1an ATP
so vGi mot gram carbohydrate. Qua 1a khong may, diéu
nay cling ¢6 nghia ring mot ngudi ¢é ging giam trong
lugng thi phai van dong khé nhoc dé duing hét chat béo du
trit trong co thé béi vi nhiéu calory dé duogc du trit trong
mbi gram chat béo.

Sinh tdng hop (cac con duong dong hod)

T& bao cin vat chét ciing nhu nang lugng. Khong phai
moi phén tir hitu co clia thic an danh sin dé oxy hod
nhu 12 nhién liéu dé tao ATP. Ngoai calory, thic an ciing
phai cung cAp khung carbon ma € bio cin dé téng hop
cdc phin tlr rieng cho minh. Mt s6 cic monomer hiiu
co nhan dugc tir qud trinh tiéu hod cé thé duge dung truc
ti€p. Vi du, nhu da trinh bdy trude, cdc amino acid I
thuy phén protein trong thitc dn c6 thé duogc két hop thanh
protein riéng cuia co thé, Song thudng thi co thé cin cic
phan tir diic hiéu m theo diing nghia khong cé trong thifc
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an. Cic hgp chit duge hinh thanh nhr 12 cdc san phim
trung gian ctia dudmg phan va chu trinh acid citric ¢6 thé
chuyén huéng vio con dudmg déng hod dudi dang cic
chat tién than tir d6 t&€ bdo c6 thé tdng hop cdc phan tir
né cln. Vi du, con ngudi ¢6 thé tao ra khodng mot nira
trong 6 20 amino acid trong protein nhdy bi¢n déi hop
chit duge it ra tir chu trinh acid citric. Phin con lai 12
“amino acid cn thiét” ma co thé phdi thu nhan trong
Kkhdu phén thite an. Nh vay, glucose ¢6 thé dige tao ra tir
pyruvate v acid béo c6 thé tdng hop durge tir acetyl CoA.
Tat nhién, cdc con dudng dong hod hojc sinh tdng hop
khong phdt sinh ma ti¢u thy ATP.

Ngodi ra, dudng phan va chu trinh acid citric hoat dong
nhi 1 sur trao d6i chuyén hod qua lai m tao kha nidng cho
t& bo chiing ta bi€n mot s6 loai phan tir thanh chat khic
khi chiing ta cin ching. Vi du, hgp chat trung gian dugc
phét sinh trong qud trinh dudng phan — dihydroxyacetone
phosphate (xem Hinh 9.9, buéc 5) ¢6 thé bi¢n ddi thanh
mot trong s6 cdc chit tién than chii yéu cla chat béo.
Néu chiing ta an nhiéu thic an hon ching ta cdn, ching
ta dur trit chit béo tham chf néu khiu phén 4n clia ching
ta khong c6 chéit béo. R6 rang hién tuong chuyén ho4 hay
trao d6i chat 12 linh hoat va cé thé thich tng.

Su diéu hoa hd hép té bao théng qua co ché
lién hé nguoc

Nguyén 1y co ban cha cung va cdu 1a diéu hoa su diéu tiét
va quan ly qua trinh chuyén hod. Té bao khong lang phi
ning luong dé tao nhiéu mot chat dic biét hon 1a n6 cén.
Vi du, néu cé su tich trir qud nhiéu mét amino acid nao
dé, con dudng déng hod téng hgp amino acid do tir chat
trung gian ca chu trinh acid citric ngimg lai. Co ché phd
bién nhit cho su diéu tiét nay la su e ché nguoc : Sin
phidm cuéi ciing ctia con dudng dong hod tic ché enzyme
xiic tic budc dau tién cia con dudng (xem Hinh 8.22).
Nhdr d6 ngan chan su léch huéng khong cin thiét clia cic
chat trung gian chuyén hod chii yéu dé danh ching cho
nhiing con dudng chuyén hod cap bich hon.

Té& bao ciing diéu tiét qué trinh di hod. Néu & bao
1am viéc cing thing va néng do ATP cla t& bao bit ddu
sut giam thi ho hap dugc tang téc. Khi c¢6 di ATP dé
thoa min nhu c4u thi hé hdp chdm lai, danh céc phan tir
hitu co c6 gid tri cho c4c hoat dong khic. Ngoii ra, su
diéu tiét dua chl yéu vao su diéu hoa hoat dong ctia cic
enzyme & cic diém thiét yéu trong con dudng di hod.
Nhu d3 trinh bay trong Hinh 9.21, m6t c4i chuyén mach
quan trong 12 phosphofructokinase, enzyme xiic tic budc
3 cia dudng phan (xem Hinh 9.9). Py I budc diu tién
chuyén giao khong thuin nghich co chat cho con dudng
dudng phan. Nho diéu tiét van téc cliia budc nay, té bio
¢6 thé tang t6c hodc 1am gidm todn bd qud trinh di hod.
Do d6, phosphofructokinase c6 thé dugc coi 1a mdy diéu
hoa nhip ho hap.

Phosphofructokinase 12 enzyme di 1ap thé véi vj tri
thu thé cho chét tc ché va hoat hod dic hi¢u. N6 bi ttc

CHUONG CHIN

Glucose
( ]
[ —— AMP\
Dubng phan> e
Kich thich

\—| Phosphoryl hod
oxyhod i
- Y,
A Hinh 9.21 Su diéu hoa hé hip té bao. Enzyme di lap

thé & nhitng diém nhdt dinh trong con duéng hé hip phan

(ing vdi chat Uc ché va chat hoat hoa ¢6 tac dung gilp

diéu chinh téc d6 ciia duéng phan va chu trinh acid citric.
Phosphofructokinase xuc tac budc diu tién trong dudng phan
(xem Hinh 9.9) Ia mét enzyme nhu vay. N6 dugc kich thich bdi
AMP (nhan dugc tir ADP) nhung bi tic ché bdi ATP va citrate. Su
diéu chinh lién hé ngugc nay c6 tac dung diéu chinh tdc dd cla
hé hdp khi cdc yéu cdu dj hoa va déng hod cha té bao thay ddi.

ché boi ATP va duge kich thich boéi AMP (adenosine
monophosphate) ma t€ bao nhan tir ADP. Khi ATP duoc
tich luy s€ din dén iic ch€ enzyme lam giam dudng phan.
Enzyme trd nén hoat dong trd lai khi cong t€ bao bién
ATP thanh ADP (va AMP) nhanh hon so ATP dugc tai
sinh. Phosphofructokinase ciing min cam véi citrate —
sin phfm d4u tién ctia chu trinh acid citric. Néu citrate
duge tich lu§ trong ty thé, thi mot s& citrate s& chuyén
vio dich bao 1am itc ch& phosphofructokinase. Co ché
ndy gidp diéu chinh téc d9 cia dudng phan va chu trinh
acid citric. Khi citrate duge tich luy, duong phan sut
gidm va sy cung cip cdc nhém acetyl cho chu trinh acid
citric gidm xudng. N€u su tiéu thu citrate ting lén hoac
do yéu cdu ATP nhiéu hon hodc do con dudong ddng hod
riit can kiét cdc chat trung gian cua chu trinh acid citric,
dudng phan ting t6c va thod man nhu cdu. Sy can bing
chuyén hod vat chit duge ting cudng nhér didu hoa cic
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enzyme xtic tdc cdc bude chii yéu khic clia dudmg phan
va chu trinh acid citric. T€ bdo 12 c4n ki¢m, thi€t thuc va
phin tmg nhanh trong qu4 trinh chuyén hod vat chat ctia
minh.

Hiy xem lai Hinh 9.2 14n nita dé dat ho hap t€bdo vao
khung cdnh rong 16n hon vé dong nang lugng va quay
vong hod hoc trong cdc h¢ sinh thdi, Niang lugng nuoi
chiing ta s6ng dugc gidi phéng nhimg khong duge tao
ra do ho hap 1¢€ bdo. Chiing ta dang chiét nit nang lugng
duge du trit trong thite an nhd quang hgp. Trong chuong
ti¢p theo, ban s& nghién citu quang hop hap thu dnh sing
va bién né thanh hod ning nhu thé ndo.

9.6

1. So sénh c4u tric ctia chat béo (xem Hinh 5.11) véi
cfu triic ctia carbohydrate (xem Hinh 5.3). Nét
dic tnmg ndo clia cdc cdu tnic ndy khién cho chat
béo trds thinh mot nhién liéu t6t hon nhiéu?

2. Trong diéu kién ndo thi co thé ctia ban c6 thé t6ng
hgp céc phan tir chét béo?

3. [EETELTET Diéu gl xdy ra trong t€ bdo co khi
da dung hét oxygen va ATP? (xem Hinh 9.19 vi

9.21) |

Cau trd 18i c6 trong Phu luc A.

TOM TAT CAC KHAI NIEM THEN CHOT

eSO, 1

Cac con duong di hoa tao ning luong nho oxy hoa cac

nhién liéu hinu co (tr.162-167)

P Céaccon dudng di hoa va sy tao thanh ATP Dé duy
tri hoat d6ng, t€ bao phai tdi sinh ATP dé st dung. Su
phan gidi glucose va cdc nhién liéu hitu co khéc 1 tod
nhiét. Khéi ddu vdi glucose hodc phén tir hitu co khéc va
sir dung O,, h6 hép hiéu khi tao H,0, CO, va nang lugng
duéi dang ATP va nhiét. H6 hap t& bao gém ca ho hip hiéu
khi va ho hap ky khi, nhumg kiéu hé hap ky khi sir dung
chat nhan electron khdc & cudi chudi chuyén electron thay
vi O,, nhung ciing tao ATP.

P Cacphdn ing oxy hoa khir: su oxy hoa va su khir
Té bao chiét nit nang lugng du trif trong phan tir thic an
théng qua cédc phan ing oxy ho4 khir, trong d6 mot chat
chuyén mot phin hay toan b electron cho chat khdc. Chat
nhan electron thi bi khir, con chat mat electron bi oxy hod.
Trong qué trinh h6 hdp € bdo, glucose (C;H,,0) bi oxy
ho4 thanh CO, con O, bi khir thanh H,0. Electron mit
th€ nang trong qué trinh truyén ctia chiing tir hop chit hiu
co dén oxygen. Electron tir hop chat hitu co thudng dugc
chuyén d4u tién dén NAD*, khir n6 thinh NADH. NADH
chuyén electron dén chudi chuyén electron qua dé dén
0,. Qua timg budc chuyén electron ning lugng din dugc
giai phong ding dé téng hop ATP.

P Cic giai doan ciia hd hdp t& bao: Khai quat Duong
phan va chu trinh acid citric cung c4p electron (théng qua
NADH hoic FADH,) cho chudi chuyén electron, nhd d6
thiic ddy phosphoryl hod oxy ho4. Phosphoryl hod oxy hod
phat sinh ATP,
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ECIITE 9. 2

Puong phan thu nang lugng hod hoc nho oxy hoa
glucose thanh pyruvate (tr.167-169)

Piuviao Pdura 77
CHA 0 H Dudngphin

OH H
HO OH

H OH CH,
Glucose 2  Pyruvate

IO, 3

Chu trinh adid citric oxy hoa hoan toan cac phan tir hiu
co san sinh ra nang lupng (tr. 170-172)

P Trong t€ bao nhan thyc, sy xam nhip cia pyruvate vao ty
thé va su bién déi clia n6 thanh acetyl CoA lién két dudng
phan véi chu trinh acid citric (Trong c4c t€ bio tién nhan,
chu trinh acid citric xay ra trong bdo twong.)
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KNI O.4

Trong phosphoryl hoa oxy ho4, ¢o ch& hoa tham di kem
véi su chuyén electron dé téng hop ATP (tr.172-177)

P NADH va FADH, chuyén electron trong chudi chuyén

clectron qua d6 cung cfp nang lugng dé tdng hgp ATP
thong qua phosphoryl hod oxy hod.

P Con duding chuyén electron Trong chudi chuyén
electron, nang lugng cua cdc electron tir NADH va FADH,

duge gidi phéng qua mot s6 bude. G phan cudi ciia chubl.
electron duge chuyén cho O, khir né thanh H,0.

P> Hod thdm: Co chélién
két ndng lugng O [KHOANGKHONG |
mot s& bude nhat dinh |GIAN GIUA HAI
doc theo chudi chuyén LOP MANG
electron, sy chuyén 1
electron 1am cho cic Y
phic hé protein trong t& )U? ?Ul}m}mm
bao nhan thyc chuyén WA

H*trchatnénty thé —  SOSSSSEEEY | | GG e ”
dén khoang giira hai 16p '

mang ty thé, du trit ning
luong duéi dang luc vin
dong proton (gradient
H*). Khi H* khuéch tan
trd lai vao chat nén thong
qua ATP synthase va su

ey

3 3 CHAT NEN
truyén qua cta né thic TYTHE
ddy phosphoryl ho4 ciia
ADP. Cic t€ bao nhan
so phét sinh gradient H*

qua mang sinh chét va dung gradient niy dé téng hop ATP
trong t& bao.

» Tinh sin lugng ATP dugc tao ra trong hé hip té bao
Khoang 40% nang luong du trit trong phan tit glucose

dugc chuyén thanh ATP trong ho hap t€ bao, san lugng t&i
da khoang 38 ATP.

EIITTHO.5

Su1én men va hé hap ky khi cho phép t& bao san xuat
ATP ma khéng dung oxygen (tr. 177-179)

> Céackiéulén men Pudng phan tao doi ra 2ATP nhd
phosphoryl hod mitc co chat bat luan oxygen c6 hay
khong. Trong diéu kién ky khi, c6 thé xiy ra hoic ho
hdp ky khi hoac lén men. Trong ho hép ky khi, chit nhan
electron cuGi ciing tir chudi chuyén electron khong phi
oxygen. Trong lén men, electron tir NADH dugc chuyén
¢ho pyruvate hoic mot din xust clia pyruvate, tdi sinh

_NAD* cin dé oxy ho4 nhiéu glucose hon. Hai kiéu lén

men phé bién 12 1én men rugu v 1én men acid lactic.

> Sosanh sylén men va hé hap hiéu khi Ci hai qui
trinh déu sir dung dudng phan dé oxy hod glucose nhung
khéc nhau & chat nhan electron cudi ciing clia ching. Ho
h4p tao nhiéu ATP hon.

» ¥ nghia ti€n hod ciia dudng phan Pudng phan tdn tai
h4u nhu & moi sinh vat vi c6 thé di dugc tién hod trong
céc sinh vat nhan so ¢ xua trude khi ¢6 O, trong khf
quyén.

I 9.6

Duong phan va chu trinh acid citric lién két véi nhiéu con
duong chuyén hoa khac (tr.180-182)

P Tinhlinh hoat ctia hién tugng di hod Cic con duimg di
hod chiét rit electron tir nhiéu loai phan tir hitu co cho ho
hdp t€ bo.

P Sinh tdng hgp (cic con duémg ddng hod) T& bao cb
thé duing céc phan tir nho tir thic an mot céch truc tiép
hoic diing ching dé kién tao c4c chat khic thong qua
dudmg phan hoac chu trinh acid citric.

P Sudiéu hoa hé hip té bao théng qua cd ché lién hé
ngugc Ho hip t&€ bio duge diéu tiét nhis cdc enzyme di
1ap thé & cdc diém chii yéu trong dudmg phan va chu trinh
acid citric.

KIEM TRA KIEN THUC CUA BAN

TU KIEM TRA

1. Chat ndo 12 tAc nhan khir trong phan ing sau?

a.
b.
c.

Pyruvate + NADH + H* — Lactate + NAD*

oxygen d. lactate
NADH €. pyruvate
NAD*

2. Nguén nang lugng tryc tiép diéu khién su téng hgp ATP
nhd ATP synthase trong phosphoryl hoa oxy hoa 1a

a.
. dong electron doc theo chudi chuyén electron.

o a0 o

sur oxy hod glucose va cic hop chit hitu co khéc.

i luc ciia oxygen déi véi electron.

. néng do H* qua mang gii vi tri ATP synthase.

su chuyén phosphate dén ADP.

3. Con dudng chuyén hod n2o 1a chung cho cé lén men va ho
h4p t& bao ctia phan tir glucose?

a.
b. chudi chuyén electron.
c.
d
e

chu trinh acid citric.

duong phan.

. su téng hop cta acetyl CoA tif pyruvate.
. sir khir clia pyruvate thanh lactate.

4. Cic phin img oxy ho4 khi tod nhiét trong ty thé

a.

o Q0 o

12 ngudn nang luong diéu khién su téng hop ATP t€ bao
nhan so.

. 12 lién két truc ti€p véi phosphoryl hod miic co chat.
. cung cdp ning luong dé xéc 12p gradient proton.

. khir cdc nguyén tir carbon thanh carbon dioxide.

. duge lien két thong qua cdc san phdm trung gian bi

phosphoryl hod véi cdc qu4 trinh thu nhiét.

5. Chat nhin electron cudi ciing ctia chudi chuyén electron
hoat dong trong phosphoryl hod oxy hod hi€u khi 1a

a.
b.
c.

d.
e.

oxygen.
nudc.
NAD*,
pyruvate,
ADP.
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6. Khi electron di chuyén doc theo chudi chuyén electron

9

184

clia ty thé thi cdc bién ddi ndo sau day xdy ra?

a. pH ctia chit nén ty thé tang len

b. ATP synthase bom electron nhd van chuyén chi dong.
¢. Electron nhin nang lugng ty do -
d. Cytochrome phosphoryl hod ADP dé tao ATP

c. NAD* bi oxy hod.

Té& bao khong phan gidi carbon dioxide bdi vi

a. cfc lidn ket doi clia n6 rit bén ving kho c6 thé bi bé gay.

b. CO, c6 c4c electron lién két ft hon so véi cdc hop chat
hitu co khéc.

c. CO, di hoan toan bi khit.

d. CO, di hoan todn bi oxy hod.

e. phan tir c6 qué ft nguyeén tir.

Phuong 4n ndo sau day phan bi¢t ding gilta 1én men va ho

hap 1€ bao?

a. Chi ho hap oxy hod glucose.

b. NADH bi oxy ho4 nhd chudi chuyén electron chi trong
ho hap. )

¢. Su 1én men nhung khong phai ho hap 12 mot vi du vé
mo6t con dudng di hoa.

d. Phosphoryl hod mic co chét 13 déc nhat vo nhi cho sy
1&én men.

e. NAD* hoat d6ng nhu mot t4c nh4n oxy ho4 chi trong
ho hap.

Phan 16n CO, tir qu trinh di ho4 duoc giai phéng trong
qué trinh

a. dudng phén.

b. chu trinh acid citric.

c. 1én men lactate.

d. din chuyén electron.

e. phosphoryl hoi oxy hod.

PHAN2 Té&bdo

10. W Pé thi & day biéu thi su sai khdc pH giita haj
n

mang trong ty thé theo thdi gian trong mot t&€ bio
dang ho hdp manh. G thoi diém dugc biéu thi bing maj
tén ding, mot chit doc vdi qud trinh chuyén hod vat chat
duge cho thém vdo ¢6 tdc dung tic ch€ hodn toan va rét djc
hiéu tit cd cdc hoat dong clia ATP synthase ty thé. Hiy va
tiép dudng md ban hy vong sé thdy trong phin con laj cja
dudmg trén d6 thi,

Chénh léch pH
gitfa hai phia mang —»
|4—

Thdi gian——

Cdu trd 10i c6 trong Phu luc A

11.

12.

13.

LIEN HE VOI TIEN HOA

ATP synthase dugc tim thdy trong mang sinh cht t& bao
nhan so, trong ty thé va luc lap. Phat hien nay goi len diéu
gi vé m6i quan hé ti€n hod clia cdc bao quan t€ bio nhan
thuc véi t€ bao nhan so? Trinh tu amino acid ctia cic ATP
synthase tir cdc ngu6n khéc nhau ¢6 thé ting ho hoac phan
béc gia thuyét cha ban nhu thé nao? -

TiM HIEU KHOA HOC

Trong nhimg ndm 1940, mot s6 thdy thudc dung liéu thip
cuia thuc mang tén dinitrophenol (DNP) dé giiip benh
nhan gidm béo. Phwong phip khong an toan nay bj cAm
sau khi mot vai bénh nhan bi chét. DNP tich rsi by may
hod thim do 1am cho tdng kép lipitd clia mang trong ty thé
dé H* lot qua. Hay giai thich diéu nay Ia nguyén nhan gay
ra sy giam can nhu thé nao.

KHOA HQC, CONG NGHE VA XA HOI

Gin nhu toan b xa hoi loai ngudi déu dung phuong phép
1én men dé€ sin xuit d6 udng c6 cén nhu bia va rugu. Thue
t€ ndy c6 tir thoi ky nong nghiép so khai. Ban néu gia dinh
vé viéc sit dung su 1én men ndy dugc phat hién day tien
nhu the ndo? Tai sao rugu nho dugc chimg minh 13 thice
uéng c6 loi hon, dic biét d6i véi nén vin hod tién coéng
nghiép, so véi nuéc nho ma tir d6 rurgu duoce san xuit ra?
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