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1. Tong quan vé céu triic héa hoc ciia cac hop chit sinh hoc

Trai dit tran ngap su séng tur nhiing vi khuén nhé bé dén cé voi to 16n. Bt chép su khac biét v& hinh dang bén ngoai, tat
ca cac sinh vat song c6 nhu cau va cdu tric hoa hoc tuong tu nhau. Nguyén liéu (lvong thuc) 1 can thiét cho viée xay dung cac
té bao va cung cap ning luong cho su trao doi chat. Cac té bao cua hau hét cac dang séng trén trai dét sir dung céc loai cau tric
phirc tap gidng nhau nham thyc hién cac chirc ning chuyén biét.

Tir sinh vat don bao dén con ngudi, cac trang thai sdng bao gdm cac dang phirc tap cua vat chit. Khoang 30 trong sb
cac nguyén tb da biét hién dién v6i ndng do co thé do ludng duge trong cac trang thai sdng. Trong s6 nay co khoang 25 nguyén
t6 da duoc xac dinh chirc ning ddi voi co thé sdng. Bén nguyén td gdm oxygen, carbon, hydrogen, va nitrogen chiém 96%
khdi lugng co thé ngudi. Hinh 3.1 xac dinh cac nguyén t6 dugc tim thy trong vat chat sdng. Nhu trong hinh 3.2, cac céu tric
phirc tap ctia vat chat séng duogc tong hop trong nhiéu giai doan tir mot vai tién chat don gian ¢ trong méi trudng - N,, O,,
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Trace elements required for

H most plant and animal life
B RCHENAECE F
7 Elements that make up
Na Mg Si the bulk of living matter
K Ca V Cr Mn Fe Co Ni Cu Zn As| Se |Br L
Trace elements possibly
Mo Sn ! required by some life forms
W

Hinh 3.1: Cac nguyén t0 trong co thé song
Dbi voi hau hét cac bd phan, nhitng nguyén té cin thiét cho co thé séng ciing nim trong sé nhiing nguyén té ¢6 nhidu trong vo trai dit va trong nudc

bién, nghia 1a cac dang séng phat trién tir cac nguyén t6 co sin.
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Hinh 3.2: Ciu tao té bao
Bén canh nué6c, hop chat chiém thanh phan nhiéu nhét trong phan 16n céc sinh vét séng, cac thanh phan quan trong khac
1a lipid, carbohydrate, protein va acid nucleic. Bén loai hop chit dai phan tir nay 1a chu dé chinh cua chuong nay.
Té bao 1a don vi co ban ciia moi sy sdng. Té bao chira nhidu cau trac nho (substructure), nhu hat nhin (nucleus), ti thé
(mitochondria) va lyc lap (chloroplast) (t& bao thuc vat). Céc té bao két hop dé tao thanh cac mé (tissue); cac md co thé duogc
nhém lai thanh céc co quan (organ); cac co quan tao thanh cac hé co quan va cac hé thong co quan ciing nhau tao thanh céac co

thé sbng.
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2. Lipid
Lipid duoc mé ta tot nhit qua tinh chit vat 1y cua chung hon 1a qua thong tin vé cdu tric. Lipid 1a nhiing thanh phan cua
mo thuc vat va dong vat tan trong cac dung moi phan cuc thap (low-polarity solvent), nhu chloroform, CCly, diethyl ether, va
benzene. Nhiéu nhém hop chat phit hop véi mé ta nay, nhung ching ta s& thao ludn mot vai nhom hop chét trong s6 do.
Triglyceride 1a ester ciia glycerol (1,2,3-propanetriol) va acid monocarboxylic mach dai (acid béo). Mot sb acid béo
(fatty acid) thong thuong dugc liét ké trong Bang 3.1. Triglyceride 1a mot tén phd bién; tén danh phap hé thong la

triacylglycerol. Glycerol cung cép khung suon 3 carbon, va acid béo cung cap cac nhom acyl.

Pll (l)H H O
HO—(IJ—C—C—OH HO—C—R 0
I
H H H RC—
Glycerol Fatty acid acyl group.

Bang 3.1: Mot s6 acid béo thong dung

Tén thong thuwdng Tén IUPAC Cong thirc
Acid bao hoa

Lauric acid Dodecanoic acid C,H»;CO,H
Myristic acid Tetradecanoic acid C3H,,CO,H
Palmitic acid Hexadecanoic acid C,sH;,CO,H
Stearic acid Octadecanoic acid C,7H;5CO,H

Acid bit bio hoa

Oleic acid 9-Octadecenoic acid C7H;3;COH
Linoleic acid 9,12-Octadecadienoic acid C7H;,CO,H
Linolenic acid 9,12,15-Octadecatrienoic acid C,7H,,CO,H
Eleostearic acid 9,11,13-Octadecatrienoic acid C,7H,,CO,H

Néu tit ca cac nhom acyl déu gidng nhau, thi triglyceride 12 mot triglyceride don gidn (simple triglyceride); néu cac
nhém acyl khac nhau thi ddy 1a mét triglyceride hdn hop (mixed triglyceride). Trong cach goi tén hop chét triglyceride,
“slyceryl” 1a dugc dat trude, tiép theo 1a tén ciia ba nhom acyl. Cac nhom acyl duoc doc tén theo thir tw gin 1én khung
glyceryl. Hai nhom acyl dAu tién duge 201 tén voi ki ty “0” & cudi cung, va nhom thtr ba vai ki ty “ate” & cudi cung. Néu tt ca

13

céc nhom acyl déu giéng nhau, thi chi dung ki tu “ate” & cudi cling két hop véi tién t& “ri”.

O O O
CH,OH CH,OC(CH,), ,CH, CHQO(..‘((.‘I1117(.‘1l:(‘ll((fH,J?(,‘ll; Cqu(f((.‘llw)H,Cll;
D I A I A
CHOH CHOC(CH,), ,CH; CHOC(CH,),CH=CH(CH,),CH;4 CHOC(CH,), 4CH,4
| ¢ Ty o g
I
CH,OH CH,OC(CH,), ,CH; CH,0C(CH,);CH=CH(CH,),CH; CH,O0C(CH,), ;CHy
Glycerol Glyceryl tripalmitate Glyceryl trioleate Glyceryl lauropalmitostearate
Tripalmitin Triolein (a mixed glyceride)
(a simple triglyceride; a fat) (a simple triglyceride; an oil)

Triglyceride ¢ thé dwoc thity phan trong dung dich kiém dé tao ra glycerol va mudi cuia acid béo. Qua trinh thity phan
dugc goi 1a phan ing xa phong héa (saponification), va mudi ciia acid béo thuong dugc goi la xa phong (soap). Vi du, qua

trinh thiy phan cua tristearin vdi dung dich KOH cho ra glycerol va xa phong potassium stearate.
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O

I
CH,OC(CH,), (CHj CH,OH
3 i
CHOC(CH,),(CH; + 3 KOH — CHOH + 3 CH(CH,),(CO~K*

‘ 0
CH,OC(CH,),; 4CH,4 CH,OH
Tristearin Glycerol Potassium stearate

(a soap)

Chat béo (fat) va dau (oil) déu la triglyceride (glyceryl ester), nhung mdi loai khac nhau boi ban chét ctia nhom acid
béo. Chit béo 1a glyceryl ester trong d6 nhom acid béo bdo hoa (saturated fatty acid) chiém wu thé, 1a chat ran & nhiét do
phong. Déu i loai ester trong d6 c6 nhém acid béo khong bdo hoa (unsaturated fatty acid) chiém phan 16n va 1a chét long &
nhiét d6 phong. Thanh phan cta chat béo va dau thay doi va phu thudc khong chi vao loai thuc vat hodc dong vat, ma con lién
quan dén cac yéu t6 dinh dudng va khi hau noi sinh vat d6 sinh séng. Mot s6 chat béo va dau théng dung duoc liét ké trong

Béang 3.2.

Bang 3.2: Mot s6 chit béo va diu thong dung

Thanh phén acid, % theo khdi lrgng

Béo hoa Bit bio hoa
Lipid Myristic ~ Palmitic ~ Stearic Oleic Linoleic  Linolenic
Chit béo
Bo 7-10 24-36 10-13 2831 13 0.2-0.5
M5 lon 1-2 28-30 12-18 40-50  7-13 0-1
Diu in
Dau bip 1-2 8-12 2-5 19-49  34-62 -
Diu ciy rum - 6-7 2-3 12-14  75-80 0.5-1.5

O dang tinh khiét, chat béo va dau déu khong mau, khong mui va khong vi. Pac tinh mau sdc, mui, va vi ciia chit béo
va dau dén tir cac tap chét hitu co. Mau vang cua bo 13 ciia S-carotene (mot chdt mau vang ciing dugc tim thiy trong ca rdt va
ctc van tho). Huong vi cua bo 1a do 3-hydroxy-2-butanone va diacetyl tao thanh.

Céc chat béo va dau khong bio hoa cé thé duoc bién ddi thanh cac chit bio hoa bai phan tng cong hydrogen xuc tac.
Do dé, dau hodc chat béo co nhiét do néng chay thﬁp ¢ thé duge bién ddi thanh chat béo co nhiét do noéng chay cao hon.
Nhirng chét béo c6 nhiét do nong chay cao hon nay khi trén véi sira da tach kem, bd sung thém vitamin A, va mau nhén tao, thi
s& cho ra bo thuc vat (margarine). Sy khong bio hoa trong chit béo hodc diu ciing dugc loai bo khi chit béo hodc dau phan
hay. Ca cac chit béo va dau an bi thuy phan va cit dit ndi d6i boi qua trinh oxy hoa (oxidation) khi tiép xtc véi nhiét, khong
khi, va anh sang. Khi qua trinh nay xay ra nghia 1a m& da bi 6i thiu. Cac acid béo c6 phén tir lugng thip duogc tao ra boi qua
trinh dat ndi c¢6 mui khé chiu, vi du acid butyric ¢ trong bo 6i. Chét chdng oxy hoa thuong dugc thém vao dau (dung chién
ran & nhiét d cao) dé lam cham qua trinh oxy hoa cua dau an.

Béng ching y khoa cho tha‘iy c6 mot mbi lién hé gitta viéc tiéu thy mot lugng 1on chét béo bdo hoa va ty 1& mic bénh
tim mach vanh. Vi Iy do nay, ché do an kiéng doi hoi thay thé cac acid béo bio hoa bang cac acid béo chua bao hoa trong thuc
pham. N6i chung, hau hét cic chit béo dong vat 1a bao hoa, trong khi d6 cac chat béo co ngudn gdc thuc vat va hai san déu &

dang khong bao hoa.
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Phospholipid

Phospholipid (phosphatide) c6 & tat ca cac té bao dong vat va dic biét phd bién trong mé than kinh. Ching c6 ngudn

gde tir glycerol, acid béo, acid phosphoric, va mdt base chtra nitrogen 1a ethanolamine (trong phospholipid loai cephalin) hoic

choline (trong phospholipid loai lecithin). Trong nhiing cau trac dudi day, R va R’ 1a cac nhom alkyl day dai.

I
CH,OCR

|
CH,OCR

7 | |
RCOCH RCOCH
(0] O
+ ‘ +
CH,OPOCH,CH,NH, CH,OPOCH,CH,N(CH;)5
28 2tV 2 212 3/
(On (O
Phosphatidylethanolamine Phosphatidylcholine
(a cephalin) (a lecithin)

Gidng nhu cic phéan tir xa phong, phospholipid ¢6 dau wa nuée (hydrophilic head) (1a phosphate-ethanolamine hozc
photphate-choline) va dudi ky nudc (hydrophobic tail) (12 hai chudi alkyl). Diéu nay cho phép cac phospholipid hoa tan va van
chuyén chit béo, dau trong méi trudng nude, ddy chinh 13 qué trinh van chuyén lipid trong mau hay sy nhii hoa chat béo va
dau trong nuréc x4t salad.

Mang té bao (mang bén ngoai cua tit ca cac té bao sdng) bao gdm mot 16p kép phospholipid c6 ddu wa nude hudng ra

ngoai moi truong nudc va dau ky nude hudng vao trong moi trudong cholesterol va protein.

Extracellular fluid Protein

Mang té bao 1a mot 16p kép phén tir phospholipid véi
cac dAu phan cyc hudng vé pha nuée. Cac phén tir
lipid khac, nhu cholesterol, c6 thé gén vao trong 16p
kép. Mot s protein ciing dugc tim thdy trong 16p
kép; protein lién két mang té bao thuong hoat dong

nhu may bom ion bang cach cung cdp mét kénh cho

mot sb ion nhat dinh di qua.

3. Carbohydrate

Nghia den cta “carbohydrate” la hydrate cua carbon, C(H,O),. Do d6, sucrose, hodc duong mia, C,H»O,, tuong
duong v6i C5(H,0);;. Pinh nghia khac hiru ich hon ciia carbohydrate 13 cic polyhydroxy aldehyde, polyhydroxy ketone, dan
xut ciia chung, va hop chit nay s& tao cac aldehyde hoic ketone khi thuly giai. Carbohydrate néu bao gom cac aldehyde thi
dugc goi 1a aldose; néu bao gdm cac ketone thi goi 14 ketose. Carbohydrate c¢6 5 carbon thi goi 13 pentose, ¢6 6 carbon thi goi

1a hexose... Hai duong hexose rét thong dung 1a glucose (aldose) va fructose (ketose).

Monosaccharides
aldoses (aldotriose, aldotetrose, . . .)
HC=0 ?Hon ketoses (ketotriose, ketotetrose, .. .)
CHOH E:O Oligosaccharides (from two to ten monosaccharide units)
CHOH CHOH Glycoses disaccharides (e.g., sucrose)
CHOH CHOH trisaccharides (e.g., raffinose)
CHOH CHOH and so on.
CH,0H CH,OH Polysaccharides (more than ten monosaccharide units)
Glucose Fructose (e.g., starch and cellulose)
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Thuat ngit ding chung cho tit ca cac carbohydrate 1a glycose. Monosaccharide 1a carbohydrate don gian nhét, gdm cac
phin tir nho riéng 1é c6 cong thirc C,(H,O),. Oligosaccharide 1a cic phan tor 16n hon gdbm hai dén muoi don vi
monosaccharide lién két v6i nhau. Tén goi ciia carbohydrate ¢ thé duoc dung phan anh sb lugng thuc té cua cac don vi d6 co
mat, nhu disaccharide va frisaccharide. Mono- va oligosaccharide con dugc goi 1a dwong. Polysaccharide chira hon mudi don
vi monosaccharide trong c4u trac phén tir ciia chung, va nhiéu trong s chung 13 hop chét dai phéan tir (macromolecule).

Glycose don gian nhat 1a 2,3-dihydroxypropanal (glyceraldehyde), 1a mot aldotriose. Nguyén tir C trung tdm trong
glyceraldehyde gin bon nhom thé khac nhau, va do d6 1a nguyén tir C nay thu tinh (chiral). Hop chét glyceraldehyde ¢ hai
céu triic khac nhau, khong thé dit tring khop voi nhau, gidng nhu hinh dnh cta ban tay trai va phai hodc vat va anh qua guong.

Hai cau tric nay 1a doi phan cua nhau (enantiomer).
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e o0
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HOH,.C™ oy nof CH,OH
Mirror

(a) (b)
Hinh 3.3: Cic dong phan quang hoc cua glyceraldehyde

Céc phan tir quang hoat (optically active molecule) anh hudng dén anh sang phan cuc phing (plane-polarized light)
(hinh 3.4). Su tuong tac giita tia sang phéan cuc va dién tir trong mot doi phan s& gy ra sy xoay mit phang anh sang phan cuc.
Mot d6i phan sé& lam xoay mat phang anh sang phan cuc sang phai (theo chiéu kim dong hd) dugc goi 1a hiru trién
(dextrorotatory) ki hiéu (+), va dbi phan con lai cling s& xoay mit phing 4anh sang phan cuc véi do xoay turong duong nhung lai
sang trai (theo chiéu nguoc chiéu kim dong hd) duoc goi 1a ta trién (levorotatory) ki hiéu (-). Boi vi kha ning 1am xoay mat
phing 4nh sang phan cuc nén cac dong phan nay duoc goi 1a c6 tinh quang hoat, va cic ddng phan nay dugc goi 1a dong phdn
quang hoc (optical isomer). Hau hét cac phan tir thé hién tinh quang hoat khi cdu tric c6 chira it nhét 1 tim C bat d6i xing hay
tdm C thu tinh.

Analyzing
polarizer

Optically active 1254

‘\ r/‘.‘ |
Unpolarized " sample \ ‘: \ m
1 i g llt ’f- S\ : 0 “ ‘I“. I‘
{ AR R 4
ho

~ Detector
Plane of

polarized
light rotated

Polarized
Light light
source

Hinh 3.4: Trién quang ké
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Su sép xép cac nhom thé tai tim C thu tinh dwoc goi 1a cAu hinh tuyét ddi (absolute configuration). St dung hé¢ théng
danh phéap R, S d& miéu ta cau hinh tuyét di cua tdm thu tinh. Cdu hinh ciia glyceraldehyde & hinh 3.3a la (S)-glyceraldehyde
va ¢ hinh 3.3b 1a (R)-glyceraldehyde. Luu ¥ rang khong c6 mot mdi quan hé rang budc nao giita ciu hinh tuyét ddi va tinh
quang hoat (+/—; dextro/levo). Su xac dinh dugc ciu hinh R hay S s& 1a dong phén (+) hay (-) dua trén pho tia X. Va thong qua
phuong phap nay, di xac dinh dugc ddng phan (+)-glyceraldehyde c6 cdu hinh (R) va duoc goi 1a (R)-(+)-glyceraldehyde;
ddng phan (-)-glyceraldehyde ¢ cu hinh (S) va dugc goi 1a (S)-(-)-glyceraldehyde.

Nha héa hoc ngudi Puc Emil Fischer dd nghién ctru vé carbohydrate tir cubi thé ky 19 khi ma k§y thuat xac dinh cu
hinh ctia cic hop chit chua phat trién. Fischer da ty gan dong phan (+)-glyceraldehyde c6 cdu hinh D va goi tén D-(+)-
glyceraldehyde; D-(+)-glyceraldehyde 1a (R)-(+)-glyceraldehyde va L-(+)-glyceraldehyde 1a (S)-(-)-glyceraldehyde. Hé thong
nay dugc mé rong cho cac hop chét thii tinh khac va dugc goi 1a danh phap quy uée D, L.

Str dung so d6 nét lién va nét dut dé biéu dién ciu trac ba chiéu ciia hop chit don gian chtra 1 dén 2 tam thu tinh la
khong qua khé. Tuy nhién ddi voi hop chat chira nhidu tam thi tinh hon nhu carbonhydrate thi cach biéu dién nay réat cong
kénh. Vi thé Emil Fischer di biéu dién cu tric ba chidu thanh cdu tric hai chiéu, day goi la cdng thike chiéu Fischer (Fischer
projection formula).

Trong ¢dng thirc chiéu Fischer: Cac ndi gitra mdi nguyén tr C va 4 nhom thé cta n6é dwoc v& thanh hinh chir thap, véi
nguyén tir C trung tdm 1a giao diém cia hinh chir thap. Pudng nim ngang thé hién cac ndi huéng vé& phia nguoi quan sat,
duong nam doc thé hién cac ndi hudng ra xa nguoi quan sat. Hinh v& dudi day miéu ta cach chuyén tir cong thic phdi canh
thanh cong thirc Fischer ctia hop chat (R)-(+)-glyceraldehyde .

CHO CHO CHO

HosC —5> H= c —OH —~> H OH
HO'  CHLOH CH,OH CH,OH

Dé nhin phan tir voi hai nhom hudng vé phia nguoi quan sat, nhom H va OH sé& duoc kéo vé phia nguoi quan sét, trong
khi d6 hai nhém CH,OH va CHO s& tu dong nim huéng ra xa ngudi quan sat. V& hinh chiéu Fischer v6i cac nhém H, nhoém
OH dugc ndi bang duong ngang va nhém CHO, nhom CH,OH duge ndi bang duong thing dimg. Luu y ring trung tim nguyén
tir C khong duge v&, nhung dwoc hiéu 13 ¢ diém giao nhau cia cac duong. Viée v& hinh chiéu Fischer ¢6 bao gdbm nguyén tir C
nay s& 1am cho phép chiéu Fischer khong thé phan biét dwoc véi ciu truc Lewis, cdu tric Lewis khong chira thong tin 14p thé.

Trong cong thirc Fischer, mach carbon ciia phan tir dwoc sap xép theo chiéu tir trén xudng dudi voi nhom c6 do oxy hoa
cao nhat (-CHO) & vi tri trén cung va vi tri thap nhat 1a nhom c6 d oxy hoa thap nhat (CH,OH). Cac nhom thé khac (-H va -
OH) dugc gin hai bén cua mach carbon chinh. Cac nhém cubi cting ctia mach carbon & phia sau mit phang to gidy va huéng

ra xa ngudi quan sat. Cac ddng phan glyceraldehyde dugc biéu dién nhu dudi day va duoc ding dé xac dinh céu hinh D, L cua

nhiing duong khac.
CHO CHO
HO H H OH
CH,OH CH,OH
(8)-(—) Glyceraldehyde (R)-(+)-Glyceraldehyde
(L)-(—) Glyceraldehyde (p)-(+ )-Glyceraldehyde

Céc nhom -H va -OH trén nguyén tir C ké tiép dén C 4ap chot & phia trude cua trang gidy, hudng vé phia ngudi xem.
Néu nhom -OH trén nguyén tir C ap chot ndy & bén phdi, ciu hinh 1a D; néu & bén trdi, cau hinh 1a L. Quy wée nay dwoc ap
dung cho céc aldose c6 bon carbon dudi day, trong 6 nguyén tir C ap chot va cac nhom lién két duoc t6 mau xanh. Tat ca cac
duong D déu c6 cau hinh tuong tu nhau tai carbon ap chét nay. Hinh 3.5 ¢6 thé gitp ban hinh dung mdi quan hé giita cau triic

ba chiéu va cach biéu dién cau trac hai chi€u cua no.



Chuong 3: Hoa hoc cua sy séng Héa hitu co dai cuong 3

CHO CHO CHO CHO
H——+—OH HO—+—H HO——H H—-—+—O0OH
H———O0H HO——+——H H——F—OH HO——1—H

CH,OH CH,OH CH,OH CH,OH

Mirror Mirror
D-(—)-Erythrose L-(+ )-Erythrose D-(— )-Threose L-(+)-Threose
(0]
J(L
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®) y H ~~H
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- i H—. Cuon, Iw
" ‘\ Ha, X OH H*LIfOH
H
= ,9 ) | H—C—OH
N’
¢\ ‘ . A I
H CH,OH

J. (a) (h)b

Hinh 3.5: Ciu trac cta D-(-)-erythrose
D-Erythrose va L-erythrose 13 hai d6i phan ctia nhau, D-threose va L-threose ciing 1a hai di phan ctia nhau. Hai cdu
tric D-erythrose va D-threose khong phai 1a hinh anh qua guong cta nhau, ching 1a ddng phan cta nhau va déu c6 tinh quang

hoat. Hai dong phan nay dugc goi 14 hai xuyén lap thé phan (diastereomer).

CHO CHO
H———O0H HO———H
He—=H He 0

CH,OH CH,OH

Mirror
D-Erythrose D-Threose

Not mirror images
Hai d6i phan khac nhau vé hudng xoay cia anh sang phan cuc phing. Cac xuyén 1ap thé phan thi khac nhau muic do
xoay cua 4nh sang phan cyc phiang. Chung ciing khac nhau vé tinh chit vat 1y va hoa hoc, vi du: ching ¢6 d6 tan khac nhau
trong mot dung moi cu thé va phan g véi cac tac chat & cac van tde phan timg khac nhau.
Hdn hop chira lugng twong dwong céu hinh D va L cia mot hop chat dugc goi 1a hdn hop tiéu trién (racemic mixture).
Hdn hop nay khong 1am xoay mit phang anh sanh phén cuc sang trai hay sang phai. Ki hiéu DL-erythrose 1a dé chi hdn hop
tiéu trién. Thong thudng khi tong hop phén tir ¢6 tim thu tinh thi san pham thu dugc s& 1a hdn hop tiéu trién. Boi vi qua trinh
tao ra nhirng tdm thu tinh 1a mot qué trinh nglu nhién, x4c suit cho mdi trudng hop 1a 50%.
Néu mudn thu duge chi mot ddng phan quang hoc tinh khiét thi hdn hop tiéu trién phai dwoc phén tach ra thanh cac ddi
phéan. Doi khi qua trinh nay duoc thuc hién bang cach sir dung mot enzyme dé phan tng v6i mot doi phan nay nhung lai khong

phén tng v6i dbi phan kia.

Monosaccharide

C6 16 aldohexose, nhung chi c6 3 dang ton tai nhiéu trong ty nhién la: D-glucose, D-mannose, va D-galactose. Ba
phan tir duong d6 ton tai & dang mach thang véi ham lugng rat nho (nho hon 0.5% véi glucose). Dang ton tai chu yéu cua
chung 1a dang vong (cyclic). Trong qué trinh dong vong, nhom -OH cua C5 s& cong vao nhom carbonyl C1 va tao ra vong gdm

5 nguyén tir C va 1 nguyén tir O. C4u trang cua vong 6 nay 1a cdu trang ghé.
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H 0
N/
C/

)
H—_(|3—OH

HO—C—H
H—C—OH

H—C—OH

°CH,0H

D-(+ )-Glucose a-D-(+)-Glucose

Extended Folded
Hinh 3.6: Sy dong vong trong phan tr glucose
Khi dang mach théng cua mot duong chuyén thanh dang vong thi mdt tm thud tinh méi duge tao ra tai C1. Khi d6 sé€ cé
hai kiéu dinh hudng tai tAm thu tinh méi nay. Véi dang a, nhém -OH tai C1 & vi tri truc (axial), hudng xuéng dudi; va dang S

thi nhom -OH s€ & vi tri xich dao (equatorial) hudng ra khéi vong (hinh 3.7).

6 H ©
CH,OH O CH,OH O
© 4 3 H
HO
1

H H
a-D-(+ )-Glucose B-D-(+ )-Glucose

Hinh 3.7: Dang a va f§ cua D-glucose

Céch goi tén cac monosaccharide dang vong kha phirc tap, nhung chung s& duoc goi dua trén tén ctia dang mach thing.
Nhu D-(+)-glucose cho biét dang mach thing cua glucose c6 ciu hinh D, va (+) cho biét day 1a dang hitu trién. Tén goi a-D-
(+)-glucose xudt phat tir D-glucose v6i cdu hinh « tai C1.

Céc monosaccharide nhu glucose con duoc goi 1a dwong khir (reducing sugar). Trong qua trinh can bang giita dang
mach thing va mach vong cia loai duong nay, mot lugng vira di dang mach thang tham gia vao phan tmg oxy hoa khir voi
Cu*"(aq). Cu**(aq) s& bi khir thanh két tia Cu,0 mau do va phan aldehyde cua dudng s& bi oxy hoa thanh acid. Dung dich
thudc thir dwong khir 1a phire ciia ion Cu®"/OH véi ion tartrate (thudc thir Fehling) hay véi ion citrate (thudc thir Benedict).

CHO COOH

| 2
Certain cyclic sugars ——= CHOH Qs CHOH + Cu,O(s)

straight-chain form red ppt
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Disaccharide

Hai phan tr monosaccharide két hop lai véi nhau bang cach loai mot phéan tir H,O giita chung — phan tmg ngung tu.

OH OH
H OH
H/O
HO
H + HO H
H OH
i 3 H on
HO
Glycosidic bond H
H HX O
I
O
woo H

Lién két hoa hoc méi duoc tao ra giira 2 phéan tir monosaccharide dugc goi 1a lién két glycoside (glycosidic bond). Va
két qua cia qua trinh ndy 1a mot phan ti disaccharide. Khi md ta phan tir disaccharide cdn xem xét hai phan tir
monosaccharide va c4u hinh ctia ndi glycoside gitra ching 1 a hay 4. Mot sb disaccharide tu nhién va quan trong nhu maltose,

cellbiose, lactose va sucrose dugc trinh bay trong hinh 3.8.

H HO
CH,0H_<0. CH,0H 0. 8
HO H
Ln H H o
: OH [

H
HO OH HO
o H

Lactose (8 form)

Maltose (e« form)

H
B "H,OH_-O.
)%3/1{ A HO
0 \
H
OH
H

OH (Glucose unit) HO

H

Cellobiose HOH,C

(Fructose unit) H CH,OH

OH H
[J Glucose [] Galactose [] Fructose Sucrose

Hinh 3.8: Mot sé disaccharide thong dung

Trong cau triic ctia maltose, mot nguyén tor H trén nhom hydroxyl gén tai C1 ctia mot phan tir glucose phan tng véi
nhém hydroxyl gin tai C4 ciia phén tir glucose con lai. Hai nhom dudng dwoc gin két voi nhau bai ndi e. Qua trinh can biang
giita dang vong va dang mach thing ciia maltose c6 thé xdy ra, do d6 maltose 1a mot duong khir. Maltose dugc sinh ra nho
hoat dong cua enzyme maltase trén tinh bot. Dudi sy hién dién cia ndm men, maltose xdy ra qué trinh 1én men, trudc ti€n s€
hinh thanh glucose va sau d6 sé tao thanh ethanol va CO,.

Cellbiose c6 thé thu dugc bang qua trinh thuy giai cellulose. Cellbiose chinh 1a glucose-glucose disaccharide voi nbi
dang f. Latose, hay dudng sita, ton tai tw nhién trong sira, ham luong lactose trong sita vao khoang 0 - 7% tuy loai dong vat
khac nhau. Lactose 12 mot loai galactose-glucose disaccharide v6i ndi dang f. Sucrose 1a dudng an thong dung (tir mia hodc ci
cai duong), dy 1a mot glucose-fructose disaccharide ndi dang 1a-28. Vi dudng sucrose thi ca hai hai don vi duong dang

vong déu khong thé chuyén doi thanh dang mach thang do d6 sucrose khong phai 1a duong khir.

10
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Polysaccharide

Polysaccharide bao gdm nhiéu phan tir monosaccharide két hop lai v6i nhau thong qua cdu ndi oxygen tao thanh mot
mach dai. Tinh bot (starch), véi phan tur luong vao khoang 20.000 va 100.000 u, 1a mdt loai carbohydrate dy trir cta nhiéu loai
thuc véat va n6 chiém thanh phan 16n trong ngii cdc va khoai tay. Glycogen la dang carbohydrate du trit ciia dong vat, chung
dugc luu trit trong gan va mo co, ching c¢6 khdi lugng phan tir 16n hon tinh bot, va mach carbon phan nhanh hon nhiéu.
Cellulose 1a vat liéu cAu trac chinh cua thuc vat, chung la thanh phﬁn chinh trong bot gd, cotton va rom ra. Qua trinh thily giai
hoan toan cellulose s& cho ra glucose. Cellulose c6 khdi lwong phan tir khoang 300.000-500.000 u, twong tng voi khoang
1.800-3.000 don vi glucose. Hau hét cac dong vat bao gém ca con ngudi khong co enzyme dé thuy phan cau ndi S, vi thé
ching khong thé tiéu hoa cellulose. Mot sb loai vi khuan trong dong vat nhai lai (bo, nai, lac da) va mbi mot c¢6 thé thuy giai

cellulose dé 1am thuc an.

Maltose unit

O
\()/‘v\\
. Lt PR (0]
| Ja_CH,0H 8

HO

H

H

\<1 H
OH 4
v s

o

H

e 4 0
A \“
- Starch n 0%

H <
.| CH,OH_-O.
Pl
: D
! OH

H
HO

H

n H

Cellulose

Hinh 3.9: Hai polysaccharide thong dung

Quang hgp (photosynthesis)
Qué trinh quang hop 1a qua trinh cdy xanh chuyén d6i CO, va nudc thanh carbohydrate. Qua trinh quang hop cin xtc
tac 1a chlorophyll va anh sang mat troi.

sunlight

n CO; + n H>0O Cy(H20), + n 02

chlorophyll

Phuong trinh trén da duoc don gian hoéa. Co ché (hién duoc chép nhan), duoc dé nghi béi Melvin Calvin (doat giai
Nobel nim 1961), bao gom khoang 100 budc lién tuc nham chuyén ddi 6 mol CO, thanh 1 mol glucose. Dé 1am rd co ché nay
nguoi ta sir dung dong vi *C 12 mot chit danh diu phong xa. Dé don gian, qua trinh quang hop dwoc chia 1am 2 giai doan: (1)
qué trinh chuyén d6i ning luong mit troi thanh ning lugng héa hoc-phan tmg sang; (2) phan tmg téng hop carbohydrate dwogc

xuc tic boi enzyme. Phan tmg sau 1a phan Gng tdi (c6 thé xay ra trong diéu kién thiéu 4nh sang).

Sinh khéi (biomass)

Sinh khoi 1a tat ca cac vat chat/dang séng. Phan quan trong nhat ciia sinh khdi 1a cac vat liéu hitu co dugc tao ra boi qua
trinh quang hop; cac vat liéu d6 1a cdy xanh hodc cac thanh phan chinh ctia ching nhu: tinh bét, cellulose va duong. Sinh kh6i
thue vat co thé duoc st dung truc tiép 1am nhién liéu, hodc can phai duoc chuyén ddi thanh cac vat liéu dang khi, 16ng hodc

rrfm, chung dugc st dung nhu nhién li€u hodc vat li¢u hoa hoc dang tho.

11
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Qué trinh chuyén d6i quen thudc va sir dung rong rai la qua trinh 1én men dudng tao thanh ethanol. Qua trinh 1én men
bao gém qua trinh phan huy céc vat li¢u hitu co trong diéu kién khong cé khong khi thong qua hoat ddng cua vi sinh vat. O
Bic My, nguyén lidu thd dé san xuét ethanol 1a bap.

Yea st

hexose sugar 2 CH-CH,OH + 2 CO,

Qua trinh chuyén d6i nguyén liéu thyuc vat thanh nhién liéu hoa thach doi hoi cac qua trinh dia chét va nién dai dia chat
(geologic time scale), vi vdy trong tuong lai day 1a mot ngudn nhién liéu s& bi han ché. Vé nguyén tic, hau hét cac chat hién
nay duoc san xuat tir nhién liéu hoa thach c6 thé duoc san xuét truc tiép tir cellulose. Methanol (rugu gd) dugc tao thanh tir qua
trinh nhiét phan gd (pyrolysis). Cellulose c6 thé dugc thity giai tao thanh glucose va sau d6 chuyén doi thanh ethanol boi qua
trinh 1én men. Qua trinh 1én men ciing ¢6 thé dugc sir dung dé tao ra mot loat cac hop chat oxygen hoa -alcohol va ketone, cac
chat nay c6 thé bién dbi thanh hydrocarbon. Nhu véy, cac hop chit hitu co c6 thé duoc tao ra tir nhitng phan tir don gian CO,

va H,0, va ning lugng can cho qua trinh nay la ning lugng mt troi.

4. Protein

Khi mot phan tir protein bi thuy giai bang acid lodng, base lodng, hay boi enzyme, két qua thu dugc 1a mot hdn hop cac
a-amino acid. Amino acid 1a mot acid carboxylic ¢6 chira nhém amine (-NH,); moét a~amino acid c6 gin nhom amino tai
carbon « - carbon ké bén nhém carboxyl -COOH. Protein 1 polymer phan tir lugng 16n bao gdm cic a-amino acid. Trong sb
cic a-amino acid da biét, khoang 20 a-amino acid dugc xac dinh 1a thanh phﬁn co ban cua protein dong vat va thyuc vat.

Protein 14 co s& ctia chit nguyén sinh va dugc tim thiy & tt ca cac co thé sdng. Trong dong vat, protein - nhu co bép,
da, toc, va cac co quan khéc - tao thanh phan 16n cau trac cua co thé. Véi vai trd enzyme, protein xuc tac cac phan tng sinh
hoa; véi vai trd hormone, chung diéu chinh cac qua trinh chuyén héa; va véi vai tro khang thé, chung chéng lai cac tac nhan

ngoai lai tin cong co thé.

Amino acid

Ngoai trir glycine (H,NCH,CO,H), cac amino acid tu nhién c6 tinh quang hoat va hau hét c¢6 cau hinh L.

i
i C—OH
C—oH
| = H,N——H
/C{"H
R N, R

An L-amino acid
Cong thirc chiéu Fischer thudong dugc st dung dé biéu dién ciu hinh ciia cac amino acid. Danh phép D, L ciia cac hop
chat nay ciing theo quy u6c twong ty cic carbohydrate, chi khac nhau & chd nhom amine tai carbon « 1a co sé cho hé danh
phap nay: néu nhoém amine nam bén phdi trong hinh chiéu Fischer thi amino acid c6 cau hinh D, néu nhém amine nam bén trdi
thi amino acid c6 cu hinh L.
Mot s amino acid cén thiét cho sirc khoe va sy ting trudng ddi co thé con ngudi khong thé téng hop dwoc. Cac amino
acid nay duoc goi 1a cac amino acid thiét yéu. TAm amino acid can thiét va ba amino acid khéc it cAn thiét hon duoc trinh bay

o bang 3.3.
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Bang 3.3: Mot s6 amino acid théng dung

Tén Ky hiéu Cong thire pl’

Neutral Amino Acids

Glycine Gly HCH(NH,)CO,H 6.03
Alanine Ala CH+CH(NH,)CO,H 6.10
Valineb Val (CH5),CHCH(NH,)CO,H 6.04
Leucine? Leu (CH3)>,CHCH,CH(NH,)CO,H 6.04
IsoleucineP lleuorlle CH3CH,CH(CH3)CH(NH,)CO,H 6.04
Serine Ser HOCH,CH(NH,) CO,H 5.70
Threonine® Thr CH;CH(OH)CH(NH,)CO,H 5.6
Pheny]alanineb Phe C¢HsCH,CH(INH,)CO,H 5.74
Methionine® Met CH1SCH,CH,CH(NH,)CO,H 5.71
Cysteine Cys HSCH,CH(NH,)CO,H 5.05
Cystine (Cys) [SCH,CH(NH,)CO,H]|, 5.1
Tyrosine Tyr 4-HOCgH,CH,CH(NH,)CO,H 5.70
b
Tryptophan Trp CH,CH(NH,)CO,H >89
)
H
Proline® Pro : N : COH 6.21
I
H
Acidic Amino Acids
Aspartic acid Asp HO,CCH,CH(NH;)CO,H 2.96
Glutamic acid Glu HO,CCH,CH,CH(NH,)CO,H 3.22
Basic Amino Acids
Lysineb Lys H,N(CH,) ,CH(NH,)CO,H 9.74
Arginine Arg H,NC( ==NH)NH(CH,);CH(NH,)CO,H 10.73

N| -
k L CH,CH(NH,)CO,H
His y 2CH(NH,)CO,

|
H

Histidine 7.58

*pH cua diém dang dién (isoelectric point).

°Cac amino acid thiét yéu. Ngoai ra, arginine va lycine can thiét cho ga, arginine can
thiét cho chuét, va histidine can thiét ddi véi tré so sinh.

“Proline véi nhom amino nhi cép 1a a~imino acid. Tuy nhién, né thudng duoc xép vao
danh sach cac amino acid.

Amino acid 1a tinh thé khong mau, nhiét d6 nong chay cao, do tan trong nude vira phai. Trong dung dich acid manh (pH
thip), amino acid ton tai du6i dang cation: Proton cta dung dich tw gén vao cip eletron khong lién két ciia nguyén tir nito cta
nhém NH,. Trong dung dich base manh (pH cao), anion duoc tao ra thong qua viéc mat proton ctia nhém -COOH va nhom
NH;". Tai diém déng dién, nhém -COOH mat mot proton nhung van giit lai nhém NH;". San phém [uc nay 1a mot ion ludng
cuc hay con goi la zwitterion.

Zwitterion
+ OH,  + OH}
H;N—CH—COH & HN—CH—CO0,” &= HZN—(ISH—COZ-

| |
R R R

Acidic solution Isoelectric point Basic solution
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Amino acid 13 hop chat ludng tinh (amphoteric). Trong héu hét cac amino acid, tinh acid ctia nhém NH;" hoi manh hon
tinh base ctia nhom COO". Hau hét cac amino acid rat gﬁn v6i pH trung tinh. B¢ pH ma tai d6 amino acid tdn tai & dang ion
ludng cuc duoc goi 1a diém ding dién p/ (isoelectric point). Tai gia tri pH nay thi phén tr khong di chuyén trong dién truong.
Tai gia tri pH cao hon p/, phan tir di chuyén hudng vé anode (dién cuc dwong), va tai pH thap hon p/ phan tir di chuyén vé
hudng cathode (dién cyc am). Hau hét cic amino acid ¢6 tinh bazo ¢ gi tri p/ 16n hon 7, con amino acid c6 tinh acid thi p/

nho hon 7, va hau hét cac amino acid trung tinh c¢6 pZ hoi thip hon 7 (5.7-6.1).

Peptide
Hai phan tir amino acid ¢6 thé gén lai véi nhau bang cach loai mot phan tir nudc giita chiing, qué trinh gan két nay tao
ra mot dipeptide. N&i hoa hoc giita hai amino acid duoc goi 14 ndi peptide.
LR
HEN—(le—C—OH + HIII—(‘JH—COZH —

R Peptide bond
0 1

H,0 +H,N —(‘:'H—C— NH—CH—CO,H
R

A dipeptide

Mot tripeptide c6 ba phan tir amino acid va c6 hai ndi peptide. Mot lwong 16n cac amino acid két hop lai v6i nhau s& tao
thanh polypeptide.

Pon vi amino acid ndm ¢ mot dau cua mot chudi polypeptide cé chira nhom -NH, tu do, la dau N-cudi (N-terminal
end). Pau con lai ciia chudi polypeptide co chira nhém -COOH ty do, 1 dau C-cudi (C-terminal end). Cau tric cua polypeptide
dugc viét voi diu N-cubi ¢ bén trai va ddu C-cudi bén phai. Danh phép cia polypeptide duoc goi theo tén ctia nhom amino
acid diu C-cudi, va nhitng amino acid khac trong mach dugc xem nhu 12 nhom thé (4m cudi ciia cac amino acid dwoc thay déi

tir ine thanh yl). Tén viét tit duoc st dung kha thong dung khi goi tén polypeptide.

Vi du 3.1: Goi tén polypeptide
OH
HZN/\"/ %N
o) H o
Hay goi tén polypeptide ¢ cau triic nhu sau? (@) () (0

© Duya vao bang 3.3 xac dinh dugc (a)=glycine, (b)=alanine, (c)=serine. Amino acid dau C-cudi 1a serine.

Tén goi cua polypeptide la glycylalanylserine (Gly-Ala-Ser).

Luwu y: Danh phap cta polypeptide bit ddu véi amino acid dau N-cudi va két thuc v6i amino acid dau C-cudi ; dudi

cua cac amino acid dugc thay doi tir ine thanh yl, ngoai trir amino acid cudi cung gilt nguyén -ine.

Vi du A: Hay goi tén polypeptide c6 ciu trac nhu sau?
Vi du B: Viét cau triic ctia polypeptide serylglycylvaline.
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Trinh tw chudi amino acid (Amino acid sequencing)

Mot chudi tripeptide bao gdm 3 amino acid da biét: A, B, va C. Vay cdu trac chinh xac ciia chudi nay la: ABC,
BAC,...? Tong cong c6 6 kha ning xay ra. Néu chudi peptide dai hon nita, s6 kha nang s& 1a rat 16n. Vi vay viéc xac dinh trinh
tu ctia chudi peptide 1a mot van dé rat quan trong trong hoa sinh. Hinh 3.10 trinh bay phwong phép xac dinh trinh tu chudi

amino acid; va cdu triac cia mot polypeptide dién hinh, insulin bo, duoc tinh bay trong hinh 3.11.

NO, NO,
- - R
N /; R\ . I ” i v/ | ]| hydrolysis
O,N . )—F + HN—CH—C—NH*** — O,N— NH—CH-—C-—NH®» —F——
2.4-dinitrofluorobenzene A colorless NO,
DNFB peptide chain - R
(yellow) - =~ oo [ oth?r
O,N— —NH—CH—CO,H + amino
acids

DNP-amino acid
(yellow)

Hinh 3.10: Thyc nghiém xac dinh trinh ty amino acid
Trong phan tng gitta DNFB va mot polypeptide, amino acid ddu N-cudi phan tmg v6i chat danh ddu mau vang (mot nhém dinitrophenyl, DNP) va
gin nhom nay vao no. Bing cach thuy phén trong diéu kién ém diu va sir dung chit danh déu lap lai nhidu lin, mét chudi polypeptide c6 thé dugc

chia nho va trinh ty cua timg don vi dugc xac dinh.

Su phén biét giita polypeptide 16n va protein con chua dwoc thong nhat. Thong thudng, néu phan tir khdi 16n hon
10.000u (khoang 50-75 don vi amino acid) thi hop chit nay 1a protein. Protein c6 diém dang dién dic trung, va tinh acid hodc
base ctia n6 phy thudc vao thanh phan amino acid. Khi protein bi dun nong, xir 1y véi dung dich mubi, hoic tiép xtic véi tia UV
thi cau tric protein s& c¢6 sy thay doi phirc tap, duoc goi 14 sw bién tinh (denaturation). Sy bién tinh thuong din dén giam do
hoa tan va mat hoat tinh sinh hoc. Chién hodc ludc trung lam bién tinh protein albumin cua trirng. Protein toc c6 kha nang tao
ra sy bién tinh thuan nghich. Protein toc (nhu keratin) c6 chira cau ndi disulfide (-S-S-). Khi toc dugc xir Iy véi cac tac chat
kht, cac ndi disulfide s& bi phé hiy-qua trinh bién tinh. Sau do6, toc s& duge tao kiéu nhu mong mudn. Tiép theo, toc s€ dugc

xu ly voi tac chét oxy hoéa ém diu, cac ndi disulfide s& duoc tai tao lai vao toc s& gitt kiéu tao hinh da dinh dang.

A NH, NH, NH, NH,

S — | ‘
Gly-lle-Val-Glu-Glu-Cys-Cys-Ala-Ser-Val-Cys-Ser-Leu-Tyr-Glu- Leu-Glu-Asp-Tyr-Cys- Asp

1 2 3 45 6 |7 8 9 1011 1213 14 1516 17 18 19/20 21
S s
B NH,NH, 4 R

I /
Phe-Val-Asp-Glu-His-Leu-Cys-Gly-Ser-His-Leu-Val-Glu-Ala-Leu-Tyr-Leu-Val-Cys-Gly-Glu- Arg-Gly-Phe-Phe-Tyr-Thr-Pro-Lys-Ala
1 2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Hinh 3.11: Chudi amino acid trong insulin bo - cu tric bac nhit cua protein
C6 hai chudi polypeptide ni véi nhau béi ciu ndi disulfide (-S-S-). Mot chudi ¢6 21 amino acid, va chudi kia c¢6 30 amino acid. Trong chudi A, Gly

6 bén trai 1a dAu N-cudi va Asp 1a ddu C-cudi. Trong chudi B, Phe la d¢iu N-cudi va Ala la dau C-cudi.

Céu triic clia protein

Protein ton tai 4 mic do cAu tric (bac 1-4). CAu tric bic mdt (primary structure) cua protein chinh 14 thtr ty chinh xac
clia cac amino acid trong chudi polypeptide tao nén protein. Cau trac hay hinh dang cta nhitng doan protein 13 ciu tric béc
hai cua protein (secondary structure). Nam 1951, dya trén ph6 X-ray cua polylysine (phén tir protein tong hop), Linus Pauling

va R.B. Corey da dé nghi dinh huéng cta polypetide niy va do d6 ctia protein la dang xoan dc (helical). Dang xoin dc nay ¢

15



Chuong 3: Hoa hoc cua sy séng Héa hitu co dai cuong 3

the co6 chicu trai hodc phai, nhung boi vi protein nay chi bao gom mdt loai amino acid nén cau truc xoan cua n6 c6 chicu thuan

tay phai (right-handed) (Hinh 3.12).

b <,
O - R—C—H ‘} J)
i

ov

Q- > =0 .?

= N—H «.
L Nﬁ )
| OJ Hinh 3.12: Cau truc bac hai cta protein -
IS “-. j cAu hinh xo0dn « (« helix)
i ()\\ \ﬁ Ciu trac xodn oc dugc bén hoa boi lien két
-\) C hydrogen gitta nhém >C=0 ¢ vong nay va nhom -
oy .

\J NH- & vong tiép theo phia trén. Cac nhom R cong
Q } kénh huéng ra ngoai chudi xoén dc.

Ja

Vi du 3.2: Xac dinh trinh tw cdc amino acid trong polypeptide
Mot polypeptide khi thity phan hoan toan cho cac amino acid A, B, C, D, va E. Thuy phan ting phan tao ra cic manh
16n hon: AD, CD, DCB, BE, va BC. Xac dinh trinh tu cdc amino acid trong polypeptide?

© Sép xép cac manh theo cach sau: AD
DC
DCB
BE
CB
Chudi ADCBE phu hgp vé6i cac manh duge quan sat.

Luwu y: Thong thudng, mot chudi bat dau tir amino acid dau N-cudi va két thiic v6i amino acid dau C-cudi. Do do,

trinh tw EBCDA ciing c6 thé béi vi khong biét dugce A hay E 1a diu N-cudi cua chudi polypeptide.

Vi du A: Thity phan hoan toan mét pentapeptide tao ra cac amino acid Val, Phe, Gly, Cys va Tyr. Thiy phén timg phan tao ra
c4c manh Val-Phe, Gly-Cys, Cys-Val-Phe va Phe-Tyr. Glycine (Gly) 14 amino acid dau N-cudi. Trinh ty cac amino acid trong
chudi polypeptide 1a gi?

Vi du B: Thity phan hoan toan mot hexapeptide tao ra cac amino acid Ala, Gly, Ser, Trp va Val. Thily phan ting phan tao ra
cac manh Val-Trp, Gly-Gly-Ala, Ser-Gly-Gly va Ala-Val-Trp. Serine (Ser) 1a amino acid dau N-cudi. Trinh tu cac amino acid
trong chudi polypeptide 1a gi?
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Nhirng kiéu dinh huéng khac ciing ¢6 thé xay ra. Vi du nhu B-keratin va sgi to lya duoc sip xép theo dang phién gap.
Trong nhitng protein nay, cic mach nhanh dugc md rong & ca phia trén va phia dudi ciia phién gip, va ¢6 ndi hydrogen giira
nhitng phan tir khic nhau (nbi lién peptide - interpeptide bonding) nam cach nhau khoang 0.47 nm trong cting mot phién. Cac
phién nay xép chong 1én nhau va cach nhau khoang 1.0 nm, gidng nhu mot chong cac tim lop méi nha hinh nép gap. Mot s6

protein nhu gamma-globutin ¢6 dang v6 dinh hinh: chiing khong c¢6 cu triic bac hai xac dinh.

Hinh 3.13: M6 hinh phién gép ctia S-keratin
(a) Mot chudi polypeptide véi cac lién két hydrogen lién peptide (nhimg chudi polypeptide khac & bén trai va bén phai cua chudi nay). Nhom -R cong

kénh hudng 1én trén va xubng dudi phién gip. (b) Cac phién gép xép chdng 16n nhau.

Nhiéu protein c¢6 thém nhirng cAu tric khéac. Vi du nhu thay vi kéo dai, cac cudn co thé bi xoén, thit nat... Hinh dang
ctia phan tir protein dugc s& duoc mo ta trong céu tritc bic ba (tertiary structure) ctia nd. Béi vi lién két hydrogen lién phan tir
giita cic nguyén tir trong nhitng vong lién tiép ctia mot protein xo4n ¢ yéu, nén nhirng lién két hydrogen nay dé bi bé giy.
Chung ta nghi rang khi phan tir protein duoc dat trong nude nhimg lién két hydrogen nay s& bi thay thé bang lién két hydrogen
v6i nude. Nghia 13, dang xodn o s& md ra va c¢6 cdu trac ngau nhién khi dat trong nude. Nhung cic bang ching thyc nghiém
cho thay diéu d6 khong xay ra ; tir 46 ¢ thé két ludn rang c6 nhing luc khac tham gia vao viéc gin chudi xoin « dai thanh cac
dang hinh hoc xéc dinh. Céu trac béc ba cua myoglobin dugc trinh bay trong hinh 3.14 va ba loai ndi trong cAu trac bac ba

dugc mo ta trong hinh 3.15.

Hinh 3.14: C4u trac bac ba ciia myoglobin

Chu triic bac mot 1a mot peptide c6 153 don vi trong mot chudi don. CAu tric béc hai bao gdm 70% cua chudi 1a cuén xoén a.
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) OH
- +
f—CH,CO™  HN—(CHy,—  §—CH,—C=0--H—O0CH,—

Aspartic Lysine Aspartic Serine
acid acid
(a) (b)
f—CH,—SH + HS—CH,— S, §—CH,—S—S—CH,—
2 [ . ’ 2 [H] ’ 2 i - 2
(c)

Hinh 3.15: Cac lién két trong ciu tric bac ba ciia protein
(a) Lién két mudi. Tuong tac acid-base giira cac cudn khac nhau. (b) Lién két hydrogen. Tuong tac giita cic chudi bén cta mot sé amino acid. (c) Lién
két disulfide. Su oxy hoa nhom thioalcohol (-SH) c6 hoat tinh cao cuia cysteine tao disulfide (-S-S-) c6 thé xay ra (nhu trong insulin bo).
Su gép nép ciia mot chudi polypeptide thanh mot cAu triic bac ba bi anh huéng béi mot s§ yéu té. Cac phn hydrocacbon ky nudc cua chudi (nhém

R) c6 xu hudng kéo ra khoi moi trudng nude va rat vao bén trong cia cau tric, dé lai cac nhom ion ¢ bén ngoai.

Phan tir hemoglobin bao gdm bén chudi polypeptide riéng biét hay con goi 1a don vi nhé (subunit). Su sdp xép ctia bon
don vi nhé nay tao nén mét cAu triic bac cao hon goi 1a cAu triic bac bon (quaternary structure). C4u tric protein cc bac cta

hemoglobin, tir bac mot dén bac bdn, duge mo ta trong hinh 3.16.

P » J
s e ﬁﬁ — \ } ﬁ Hinh 3.16: B6n bac clia ciu triic protein

; & 9 ?*'.‘f( Hemoglobin 14 protein mang oxygen trong cac t& bio mau do.

\l?\A N Cac don vi heme chira sit duge biéu dién dudi dang cac dia mau
d6. Chu trac bac nhit cia protein dugc xac dinh bai trinh ty cac
amino acid. Cu triic bac hai (xodn @) dugc én dinh nho cac lién
két hydrogen, nhu minh hoa trong hinh 3.12. Ciu tric bac ba
dugc xac dinh bdi cac tuong tac gitta nhom R va méi truong xung
quanh n6, gay ra cac chudi polypeptide gip nép theo mét cach dic
biét. Cudi cung, ciu triic bac bén 1a tdp hop gdm hai hoic nhidu
chudi gdp nép - bdn chudi trong truong hop ciia hemoglobin.

Khong phai tat ca cc protein déu co cdu tric bac bon.

Ngay ca nhing thay dbi nho trong ciu tric ciia mot protein ciing c6 thé co tac dong sau sic. Hemoglobin chira bén
chudi polypeptide; hai chudi « véi 141 amino acid va hai chudi B véi 146 amino acid. Sy thay thé cua valine dbi véi acid
glutamic tai mot diém & hai trong s6 cac chudi ndy, lam ting bénh vé mau doi khi gay tir vong - bénh thiéu mau hdng cau hinh

liém. Cac hemoglobin bi bién dbi giam kha niang van chuyén oxygen trong mau.

5. Qua trinh trao ddi chat (metabolism)

Mic du cac sinh vat séng khac nhau 5 rét vé ngoai hinh, c6 mét sy giéng nhau ro rét trong cac phan ing hoa hoc cua
qué trinh sdng cua chiing. Nhitng phan (g nay 14 su trao di chit. Phan tng trao ddi cht trong d6 cac chat bi pha v& duge
g0i 14 di héa (catabolism). Phan ting trao d6i chat trong d6 nhiéu chat phirc tap hon dugc tong hop tir nhitng chat don gian hon
dugc goi 1 dong héa (anabolism). Phan ting ¢6 AG > 0 hdp thu ning hrong (endergonic). Phan tmg ¢6 AG < 0 téa ning lrong
(exergonic). Cac chit tham gia vao qua trinh trao ddi chat dugc goi 13 chdt chuyén héa (metabolite). So dd phéac théo su trao

d6i chat dugc trinh bay trong hinh 3.17.
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Lipids ' Carbohydrates
(Triglycerides)
(a) (b) | Glucose — Glucose-6P
Fatty gc E‘ |
+ Glycerol » Triose-P

Lactic acid <—————— Pyruvic acid

9
Acetoacetyl CoA —— Acety

ATP

1C0A+

/&\

Oxaloacetate

/

Malate

(

Fumarate

\

Citrate

\

Proteins

.

Amino acids

cis-Aconitate

Isocitrate

Co,

Succinate a-Ketoglutarate

Succinyl

Hinh 3.17: So d6 phéc thao qua trinh trao d6i chat

ATP

(a) Phdn acid béo. Acid béo bi suy thoai hai nguyén tir C tai mot thoi diém. Pon vi acetyl di vao chu trinh acid citric (c) 12 acetyl CoA.

(b) Phan thity phén glycogen (glycolysis) (con duong Embden Meyerhof) Nhitng phén Gng nay 1a ki khi (khong cAn oxygen). Carbohydrate bi thoai
hoa thanh duong glucose 6-carbon, va sau d6 thanh triose-P 3-carbon (glyceraldehyde-3-phosphate). Tiép theo, acid pyruvic 3-carbon dwoc hinh
thanh tir triose-P. Acid pyruvic mit mot phén tir CO, sinh ra hai don vi acetyl 2-carbon, don vi nay két hop v&i coenzyme A (CoA) dé tao thanh
acetyl CoA.

(¢) Chu trinh acid citric (chu trinh Krebs). Mot don vi acetyl 2-carbon tir acetyl CoA ndi v6i don vi oxalacetate 4-carbon tao thanh acid citric 13 acid
tricarboxylic 6-carbon (trinh bay & déy 1a citrate). Mot chuyén déi gdm hai budc tao isocitrate xay ra, tiép theo 14 sy mit mot phan tir CO, va sy tao
thanh a-ketoglutarate 5-carbon. Mgt phan tir CO, khac bi mét trong su tao thanh cua succinyl CoA. Phan con lai ctia chu trinh lién quan dén mot loat
cac acid 4-carbon din dén tao thanh oxaloacetate. Cac oxaloacetate tai sinh & cudi ctia chu trinh két hop voi mét don vi acetyl khac, va chu trinh dugc

lap lai. Sy thay dbi tng thé xay ra trong chu trinh 1a mét don vi acetyl 2-carbon di vao chu trinh va hai phan tir CO, roi di.

Trao ddi chét carbohydrate

Tinh b6t 1a ngudn ning luwong chinh cho con ngudi va cic dong vét khac. Sy tiéu hoa tinh bot bat dau trong miéng véi
hoat dong clia cac enzyme nudc bot, enzyme amylase. Tinh bot duge chuyén thanh maltose va polysaccharide dextrin. Qué
trinh nay tiép tuc mot thoi gian ngin trong da day (cho dén khi cac enzyme bi bién tinh boi acid hién dién), maltose va
polysaccharides di vao rugt non. O day, amylase tir tuyén tuy hoan thanh viéc chuyén hoa polysaccharide thanh maltose, va
enzyme maltase chuyén ddi maltose thanh glucose. Glucose duoc hip thu qua thanh rudt non vao mau va phéan phdi cho céc co
quan khéc.

Glucose bi oxy hoéa thanh carbon dioxide va nudc, véi sy gidi phong nang lugng. Trung gian chinh trong qua trinh nay
1a glucose-6-phosphate (glucose-6P). Sau khi hinh thanh, glucose-6P c6 thé dugc chuyén thanh glycogen (médt polysaccharide
duogc luu trlr trong gan), tré lai thanh glucose, hodc dugc chuyén hoéa. Cac con duong trao ddi chét chinh (Hinh 3.17) lién quan

dén qua trinh thuy phan glycogen ky khi (khong c6 khong khi), theo sau 1a chu trinh wa khi, chu trinh acid citric.
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Trao doi chit lipid

Sy tiéu hoa chit béo va dau xay ra & rudt non thong qua hoat dong két hop cua cac enzyme lipase. Cac san phim ciia
qué trinh thily phan enzyme nay 1a glycerol, hon hgp ciia mono- va diglyceride, va céc acid béo. Chung dugc hap thu vao mau
qua thanh rudt. Glycerol duoc chuyén thanh glyceraldehyde-3-phosphate (triose phosphate) va tham gia vao qué trinh chuyén
hoéa glucose dugc mo ta trude d6. Acid béo bi oxy hoa thanh carbon dioxide va nudce, vdi sy gidi phong nang lugng, trong mot
loat cac phan trng dugc goi 1a qua trinh oxy héa f. Trong qua trinh nay, sy oxy hda xay ra ¢ nguyén tir cacbon £ ciia mot acid
béo, tiép theo 1a sy phan tach. Do d6, cac phan 2-carbon (acid acetic) duoc tach ra. Qué trinh nay ciing doi hoi coenzyme A
(CoA). Vi du, vo6i acid palmitic, C;sH;;COOH, qua trinh duoc 1ap lai bay 1an, voi su hinh thanh cua tam phan tr acetyl CoA,
cac phan tir nay s€ tham gia vao chu trinh Krebs (Hinh 3.17).

Trao déi chét protein

Trong da day, HCI (aq) va enzyme pepsin thiy phan khoang 10% lién két amide trong protein va tao ra polypeptide
trong pham vi khéi lugng phan tir tir 500 dén vai nghin don vi khéi lugng nguyén tir. Trong rudt non, cac peptidase nhu trypsin
va chymotrypsin (tir tuyén tuy) tach cic polypeptide thanh nhitng manh rat nho. Sau d6, aminopeptidase va carboxypeptidase
tac dong 1én nhitng manh nay tao cac amino acid. Cac amino acid tw do di qua thanh rudt, vao mau, va tdi tit ca cac té bao cia

co thé. Tong hop protein duge hudng dan boi cac acid nucleic DNA va RNA.

Moi quan hé niing lwgng trong qua trinh trao doi chit
Céc tac nhan co ban tham gia vao sy chuyén héa nang lugng tir phan (g téa ra nang lwong dén phan tmg hip thu ning
luong 14 adenosine diphosphate (ADP) va adenosine triphosphate (ATP). Phuong trinh sau biéu dién viéc chuyén ddi mot
mol ATP thanh mot mol ADP.
ATP* + H,0 — ADP®" + HPO,> + H' AG® = —32.4Kk]

Hinh 3.18 trinh bay phan ting ddo nguoc cta phan Gng trén.

) NH,
0 0 0 2
| | ) | . N N
—O—T—Ou + —o—fl’—()—lr—(]) ( |
on (o8 0~ CH, _O N N)
ADP3- OH OH
l *H0
) NH,
0 0 0 -
| | N N
_O—P—O—P—()—T—(]) <, |
0" - 0 CH, 0O N/\N)
ATPY OH OH

Hinh 3.18: Chuyén d6i ADP thanh ATP
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Nang luong dugc giai phong trong qua trinh oxy hoa thuc phim dugc ADP thu nhén, dugce chuyén thanh ATP. Enzyme
xuc tac trong mdi bude chuyén héa. Sy oxy hda cua mot mol glucose tao thanh CO, va H,O di kém véi viéc chuyén 38 mol
ADP thanh 38 mol ATP. Hai quy trinh nay dugc trinh bay dudi day.

C¢H1304 + 605, —> 6CO, + 6 H,O AG® = —2880 k]
38 X {ADP®" + HPO4> + H' —— ATP* + H,0} AG® =38 x 32.4Kk] = 1230 k]

Nhu véy, trong s6 2880 kJ ning lugng duoc giai phong trong qué trinh oxy héa mét mol glucose, 1230 kJ ning luong
dugc luu trit trong cac ndi ning lugng cao ctia ATP. Hidu suét cta luu trit nang luong nay 1a (1230/2880) x 100% = 43%.
Nghia 13, gin mot nira nang lwong giai phong trong qua trinh trao d6i chét carbohydrate duoc luu trir trong co thé con ngudi dé
sir dung sau nay. Day 1a cach sir dung ning lugng hiéu qua, (hon nhiéu so voi dong co dot trong, vi du). Néu su trao doi chat
cua glucose xay ra trong mdt budc, chi voi mot mol ADP dugc chuyén thanh mot mol ATP, hiéu sudt s& giam xuéng
(32,4/2880) x 100% = 1,1%. Vi vy chiing ta c6 thé thdy 1y do tai sao su trao ddi chét cua sucrose 14 mot qua trinh phirc tap,

gom nhicu budc.

Enzyme

Enzyme la chit xic tic sinh hoc chira protein. Enzyme 1a dic trung cho mdi bién ddi sinh hoc va xuc tac phan mg ma
khong can thay d6i nhiét dd hodc do pH. Ban dau, cic enzyme duoc dit tén thong thuong, ching han nhu pepsin va catalase.
Hién nay, viéc dat tén cho enzyme la theo qua trinh ma chiing xuc tac, thuong st dung duéi ase.

Mot enzyme c6 thé thuc hién hoat tinh xtc tac ciia n6 chi sau khi két hop v6i chat phan Gmg, chdt nén (substrate), tao
thanh mot phtc. Cac tAm trén enzyme noi lién két voi chat nén dugc goi 1a tdm hoat dong (active site); mot sb enzyme c6
nhiéu hon mot tim hoat dong. Phan tng cta chit nén (S) véi enzyme (E) dé tao thanh méot phirc (ES) cho phép phan tng tién
hanh théng qua mot con dudng c6 ning lwong hoat hoa thip hon so v6i con duong khong duge xtc tic. Khi phic phan hiy,
céc san pham (P) dugc hinh thanh va enzyme duoc tai sinh.

E+S—=—ES—E+7P

Vi duy sy thiy phan ctia sucrose (sucrose 1a mot disaccharide cua glucose va fructose).

5 HO 0 OH
(J]l . sucrase
\\0 o + H0 ——
OH
HO
HO HO
sSucrose

OH

Ci2H0y,
A/O HO o PH

Ho \/\ ! OH
% HO
HO™ OH

OH HO
glucose
s fructose
C.H 0
612 Cf)HI 206

Buéc diu tién 1a sy tao ndi cua sucrose véi tim hoat dong ctia enzyme sucrase (Hinh 3.19). Khi sucrose ¢ trong tam
hoat dong ctia enzyme, mot s6 qua trinh héa hoc ¢ thé xay ra. Vi du, mot proton c¢6 thé duge chuyén tir sucrase sang glucose,
lam cho tdm hoat dong ctia sucrase mo ra, lam cho lién két C-O giira fructose va glucose bi yéu. Viéc chuyén mét proton tir
mot chudi amino acid ciia phén tir sucrase c6 thé pha huy lién két hydrogen trong enzyme va lam cho né mé ra; qua trinh nay
kéo dai phan tir sucrose bang cach kéo & mdi du, nhu dwoc dé nghi trong Hinh 3.20. O dang méo mé nay, ndi C-O cua
disaccharide rit d& b tAn cong boi mot phéan tir nude. Hinh 3.21 cho thdy sau phan tng nay, glucose va fructose duge hinh
thanh va proton dugc Chuyén tré lai sucrase, khién cho tdm hoat dong trd lai trang thai ban dau cta no. Phan tir fructose va

glucose nho hon roi khoi tim hoat dong va enzyme san sang hoat dong tré lai.
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Hinh 3.19: Sucrase lién két voi mot phan tir sucrose
Hinh minh hoa “‘tui” trong enzyme sucrase vira khit d& chira sucrose.
enzyme ma sucrose phu hop véi. Protein hinh ciu sucrase (mau xanh lam)

16n hon nhiéu so véi sucrose.

Sucrase
C“lu“o\ou
OH 0\\ OH
i HO Hinh 3.20: Sy thay d6i cau tao enzyme sau khi lién két vdi chat nén
OH | U :
H i n 2 N . N ~ . A .
B iéc chuyén proton (mau do) tir sucrase sang sucrose dd md cau triic
HO 15 . - A% huyén prot do) t g d t
= -~ 7 r 7
| p* . enzyme, dan dén lam suy yéu lién két C-O trong sucrose.
“Sucrase
i
%]
&
O«?\ ‘JOF{
O o
o N
O H/H
Q\O ¥ o O
CHOH
OH
O H O
OH
o ) HO
OH
= o, P
& X
™ Sucrase ™ Sqiitrins

Hinh 3.21: Sy hoan thanh phan ng xuc tac bai enzyme
Céc lién két C-O yéu trong sucrose d& bi phéan tir nuc (mau do6) tac kich than hach dé tao glucose va fructose. Nhimg phan tir nhé hon nay thoat khoi

tai duoc thiét ké vira viin vai sucrose. Sucrase tré vé trang thai ban ddu ctia nd véi proton (mau do) quay tro lai nhom hydroxyl.

Céc enzyme nhu sucrase khong chira cac ion kim loai, nhung gan mot phan ba cac enzyme da biét c6 chira kim loai.
Mot enzyme c6 ion kim loai ¢ tm hoat dong la carboxypeptidase, mot metalloenzyme hoat dong trong qua trinh ti€u hda
protein thanh cdc amino acid riéng biét. Trong qua trinh nay, mdi lién két peptide gitta cdc amino acid bi cat. H va OH cta
phan tir nuée duge thém vao cac dau cta chudi polypeptide va mot amino acid dugc giai phong. Phan tmg thity phan loai nay
la dao nguoc cua phan rng ngung tu (condensation reaction).

Many amino acids
leading to the amino
terminal group

Ak
- N = O
HN Y j/u\bf Co; +
(e} R, H & "
Peptide linkage . Ill B /Ri
H;N OH N cos
0O R |

H
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Carboxypeptidase tach cic amino acid mot 1an, bit dau tir diu carboxyl cua chit nén protein. Enzyme nay bao gdm mot
chudi polypeptide don chira 307 amino acid va mot ion Zn (IT). Nhu trong hinh 3.22, ion kim loai dugc dit trong mot khe ho
trong phén tir, dwoc giir tai chd bang cach phdi tri véi ba amino acid - hai histidine va mét acid glutamic. Ton Zn (IT) ¢6 dang

gan nhu 1a hinh tor dién v6i ndi phoi tri thir tu véi mot phan tir nude.

Hinh 3.22: Ciu tric ctia carboxypeptidase
(a) Trong hinh minh hoa nay, cdu tric bic hai cua cac chudi
xoén (mau xanh), nép gip (mau tim), va cu trac béc hai
khéng cu thé (mau vang) két hop dé cho mét hinh anh cua
cAu triic bac ba téng thé ciia carboxypeptidase.
(b) Su phéi tri cia ion Zn (II), qua cAu mau xanh dam, & tim

hoat dong.

Trong qua trinh thiy phan protein bai carboxypeptidase, chat nén protein lién két véi tam hoat dong cua enzyme (hinh
3.23). Chét nén duoc giit gan trung tim kém bang cach lién két hydrogen v6i mot sé amino acid trong khe ho. Céc chi tiét ciia
co ché chua duoc xac dinh mot cach thuyét phuc, ngoai trir viée nude phdi hop véi Zn (II) trong su cit lién két peptide. Su &
gan cua lién két peptide v6i phan tir nude phan cuc cao phdi tri véi ion Zn (IT) cho phép su cit lién két peptide va giai phong
mot amino acid.

Nhiét d6 tdi wru cho hoat dong ciia enzyme 1a khoang 37 °C (98 °F) cho cac enzyme c6 trong dong vat mau nong. Trén

nhiét d0 nay, hoat dong cua enzyme gidm vi cac cAu tric bac hai va béac ba bj gian doan va tdm hoat dong bi bién dang.

OH
H
|
.11/N‘\- <
- 5 < A © A A , .
(I‘) i Hinh 3.23: Sy tao noi cua protein voi tdm hoat dong cua carboxypeptidase
CH, 5 _N
\Cli/ C‘\~O.- H g Pau C-cudi cua mot protein bi gitr tai tim hoat dong cua carboxypeptidase. Lién két
OH:-.... }wl hydrogen véi chudi enzyme giit protein & vi tri thuén lgi d& phén tir nu6e tén cong
/ than hach vao protein.
_N g C\llR
PR 1
=== —~ ,;U
2C=0 \ /L
28

Hai enzyme dugc md ta & dy chi cung cAp mot cai nhin thodng qua vé nganh hoa hoc hap dan c6 lién quan dén hoat

dong cua cac enzyme, mot linh vure nghién ciru rat ning dong hién nay.

6. Acid nucleic
Lipid, carbohydrate va protein cing véi nudc chiém khoang 99% thanh phan ciia hau hét cac sinh vat song. 1% con lai

bao gom cac hop chat c6 tam quan trong song con doi vai su ton tai cua sy song. Trong sO nay c6 cac acid nucleic, mang theo
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thong tin hudng dan hoat dong trao ddi chét cua céc té bao. Hai acid nucleic d6 1a DNA, hay acid deoxyribonucleic, va RNA,
hay acid ribonucleic.

DNA dugc tim thdy trong nhan té bao trén cic ciu trac dang que goi 1a nhiém sic thé (chromosome), ciing chira
protein. DNA chira cic thong tin di truyén duoc truyén tir thé hé nay sang thé hé khac. Tai cac vi tri cu thé doc theo nhiém sic
thé 1a cac gen, 1a chudi DNA kiém soat viéc san xuat chudi protein. Chudi protein niy cé thé biéu hién nhu 1a mét dic diém

tiéu biéu ciing nhur 1a mot don vi chtre ning trong té bao.

Nucleic acids

Hydrolysis
Nucleotides
Hydrolysis
Phosphoric acid Nucleosides
Hydrolysis
Pentose sugars l l
Purine bases Pyrimidine bases
Pentose sugars Purine bases
A A
r N g N
NH,
HOCH, OH HOCH, )I
H
bose Deoxynbose Adenine (A) Guanine ( G)
Pyrimidine bases
A
r B
0 NH, o)
CH
HN/M\J( 3 N)j HN)H
0 A\ N OJ\ N 0 A\ N
H H H

Thymine (T) Cytosine (C) Uracil (U)

Hinh 3.24: Thanh phan cta céc acid nucleic

Theo ddi cac phan tng thiy phéan theo chidu nguoc lai, sy két hop ciia mot dudng pentose va base purine hay pyrimidine tao ra mot nucleoside.
Nucleoside két hop véi acid photphoric tao ra nucleotide. Acid nucleic 1a mét polymer cta cac nucleotide. Néu dudng 14 2-deoxyribose va cac base 1a
A, G, T va C thi acid nucleic 1a DNA. Néu dudng 14 ribose va céc base la A, G, U va C thi acid nucleic 1a RNA. (Thuat ngit 2-deoxy nghia la khong
c6 nguyén tir O trén nguyén tir C thi hai.)

Hinh 3.24 cho thay thanh phan héa hoc cia DNA va RNA. DNA dugc tao thanh tir duong pentose 2-deoxyribose, cac
base purine 14 adenine va guanine, va cic base pyrimidine 14 cytosine va thymine. RNA khac ¢ chd noé chua ribose thay vi
deoxyribose, va base uracil thay vi thymine. Ca DNA va RNA déu chtra cac nhom phosphate. Su két hop cua mot dudng
pentose va mot base purine hodc pyrimidine dugc goi la mét nucleoside. Su két hop cua mdt nucleoside va mot nhém
phosphate duoc goi 1a mot nucleotide. Mot phan tt DNA dugc tao thanh tir hai s¢i nucleotide gén v6i nhau béng lién két

hydrogen v xoan thanh chudi xoan. Hinh bén dudi minh hoa lién két hydrogen giita cic base purine va pyrimidine.
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Chuong 3: Hoa hoc cua sy séng Héa hitu co dai cuong 3

Lién két hydrogen giita cc base purine va pyrimidine

RNA 12 s¢i don nhung gap nép trén chinh n6 dé tao cau tric xodn hay cac cau trac lién két hydrogen khac. Hinh 3.25
cho thdy mot phan cua chudi acid nucleic va cach cac thanh phan dugc ndi v6i nhau boi cac nhom phosphate. Néu duong 14 2-
deoxyribose va cic base la adenine (A), guanine (G), thymine (T), va cytosine (C), acid nucleic 1a DNA. Néu dudng 1 ribose

va cac base 1a adenine (A), guanine (G), uracil (U), va cytosine (C), acid nucleic 1a RNA.
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Hinh 3.25: M6t phan ciia chudi acid nucleic

Dang xodn kép thong thuong cua DNA duge minh hoa trong hinh 3.26. Viéc xay dung cdu triic ndy boi Francis Crick
va James Watson vao nam 1953 la mét trong nhiing dot pha khoa hoc vi dai. Cong trinh ctia ho phu thudc rat nhidu vao céac
nghién ciru nhiéu xa tia X cia DNA duoc thyc hién boi Maurice Wilkins va Rosalind Franklin va trén mét tap hop cac quy luat
lién quan dén cac base purine va pyrimidine trong cac acid nucleic dugc phat hién boi Erwin Chargaff. Nhitng quy tic nay,
dugc goi la quy tic ghép cdp base (base-pairing rule).

1. Luong adenine bang véi lugng thymine (A = T)

2. Lugng guanine biang vé6i luong cytosine (G = C)

3. Tong luong base purine biang tong lwong base pyrimidine (G + A = C + T)
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Chuong 3: Hoa hoc cua sy séng Hoa hitu co dai cuong 3

Dé duy tri cdu trac cua mot chudi xoén kép, lién két hydrogen phai xay ra giita hai soi don. Cac diéu kién can thiét cho
lién két hydrogen 1a néu mot A ¢ soi nay lién két voi mot T dbi dién & soi kia, hodc mot G & soi nay lién két véi mot C dbi
dién & soi kia. C khong thé ghép cap v6i T vi cac phan tir trong d6i nho (mot vong) s& khong tiép can nhau du gan. Su két hop
gitta G va A khong thé xay ra vi cac phan tir qua 16n (hai vong).

Hydrogen bonds
between bases — Phosphate

(c)

Hinh 3.26: M6 hinh DNA

(a) So d biéu didn DNA. (b) Quan sat DNA tir trén xudng theo truc xoén. (¢) Mit bén cia DNA. Cac chdm den trong (b) va (¢) tuong trung cho lién

két hydrogen gifra cac cip base.

Céc phén tir DNA c6 kha ning nhan ban doc nhit dé tao ra cac ban sao chinh xac ciia ching. Budc quan trong trong
viéc sao chép DNA doi hoi phan tir phai thao ra thanh cac sgi don. Khi cac soi dugce thdo ra, cac nucleotide tu do hién dién
trong nhan dugc g?in voi cac ph?m bi 16 ra cua hai soi don, bién d6i mdi soi thanh mot chudi xodn kép mdi DNA bao g6m mot

sgi cli va mot sgi mdi (Hinh 3.27).
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Hoa hitu co dai cuong 3
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Hinh 3.27: Nhan ban phan tt DNA
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(d)

(a) Mot chudi xoén kép DNA. (b) Hai soi bit du thao ra. (c) Nucleotide tir dich té bao di chuyén vao khu vuc giita hai soi va gén vao cac s¢i bi 16 ra bang lién

két hydrogen. (d) Hai chudi xoén kép DNA gidng hét voi ban géc.
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