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28.1 Téng quan vé ciu tric héa hoc cia cac hop chit sinh hec:

Trai dat tran ngdp cudc song tir vi khuan nho bé dén ca voi to 16n. Bét chip sy
khac biét vé biéu hién bén ngoai, tit ca cac sinh vat sdng c6 nhu ciu va ciu tric hoa
hoc twong ty nhau. Nguyén liéu (Iwong thuc) can thiét cho viéc xay dung té bao va
cung cap nang lwong cho su trao doi chat. Cac té bao cua hau hét cac dang séng trén
trai dat déu cac loai cdu trac phirc tap nham thuc hién cac chirc ning chuyén biét.

Tir sinh vat mot té bao dén nguoi, cac trang thai sdng bao gom cac dang phuc
tap cua vat chat. Khoang 30 nguyén t6 di duoc xac dinh c6 trong céc trang thai song.
Trong s6 nay c6 khoang 25 nguyén t6 da duoc xac dinh chic ning d6i Vi co thé

séng. Bn nguyén té gom oxy, cacbon, hydro, va nito chiém 96% khéi lugng co thé

nguoi.
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Hinh 28.1 Céc nguyén td trong co thé song
Hinh 28.1 x4c dinh cac nguyén t6 tim thay trong cac trang thai séng. Hinh 28.2
thé hién cac cau tric phic tap duoc cia cac trang thai séng duoc tong hop trong nhiéu
giai doan tir nhitng hop chit don gian nhu Ny, H, va COs.
Nudc 1a hop chat doi dao nhét trong da sd Cac sinh vat song, cac thanh phan
quan trong khac 1a chat béo, carbohydrate, protein, va axit nucleic. Bon loai chat dai

phan ttr nay 13 nhitng cha dé chinh s& dugc dé cap trong chuong nay. Té bao 13 don vi



co ban cua sy séng. Cac té bao chira nhiéu loai cau triic con, chang han nhu hat nhén,
ty thé, va luc lap (t& bao thuc vat). Cac té bao két hop thanh cac md; cac mé cé thé
dugc nhom thanh cac co quan; cac co quan Két hop thanh cac hé co quan, va cac hé

thdng co quan tao thanh céac co thé song.

THE CELL

|
Organelles: Nucleus, mitochondria, chloroplasts

|
Supramolecular units: Enzymes, ribosomes
106~10%u A~ A RN

5 / \ .
P / \ N
Macromolecules: Nucleic acids Proteins Carbohydrates Lipids
10°=10%u
Building blocks: Mononucleotides Amino acids Sugars Fatty acids
100—350u
Intermediates: Ribose w-Keto acids Phosphopyruvate,  Acetate,
50—250u ey i malate malonate
: ‘x\ \ y P
Environmental i f Fe
precursors: N,, H,0, CO,
18—44u
Hinh 28.2 Cau tao té bao
28.2 Lipid

Lipid duoc mé ta tét nhat thong qua tinh chat vat 1y caa ching chir khong phai
1a thong tin vé cAu tric. Lipid 1a nhiing thanh phan cia mo thuc vat va dong vat tan
trong cac dung méi phan cuc thip, chiang han nhu chloroform, CCl,, diethyl ether, va
benzene. Nhiéu nhom hop chéat phii hop véi mé ta nay, nhung ching ta s& thao luan
mot vai nhom hop chét trong d6 do.

Triglyceride 1a ester cua glycerol (1,2,3-propanetriol) va axit monocarboxylic

(axit béo) mach dai. Mot sé axit béo thong thuong duoc liét ké trong Bang 28.1.



Triglyceride 13 mot tén phd bién; tén danh phap hé thng 1a triacylglycerol. Glycerol

cung cap khung sudn 3 carbon, va axit béo cung cap cac nhom acyl.

Common Name IUPAC Name Formula

Saturated Acids

Lauric acid Dodecanoic acid C11H,3COH
Myristic acid Tetradecanoic acid Cy13H»CO5H
Palmitic acid Hexadecanoic acid Cy5sH4CO,H
Stearic acid Octadecanoic acid C7H35CO,H

Unsaturated Acids

Oleic acid 9-Octadecenoic acid C17H353CO5H
Linoleic acid 9,12-Octadecadienoic acid C7H5CO,H
Linolenic acid 9,12,15-Octadecatrienoic acid Ci7H,CO,H
Eleostearic acid 9,11,13-Octadecatrienoic acid Ci7H,9COH

Néu tat ca cac nhom acyl déu gidng nhau, hop chat 1a mot triglyceride don
gian; néu cac nhom acyl khac nhau thi ddy 1a mot triglyceride hdn hop. Trong cach
goi tén hop chét triglyceride, “glyceryl” 1a duoc dat dau tién, tiép theo 1a tén cua ba
nhom acyl. Cac nhom acyl duoc doc tén theo tha ty gin 1én khung glyceryl. Hai nhém
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acyl dau tién dugc goi tén véi ki ty “0” & cudi cling, va nhom thir ba véi ki tu “ate” &

cudi ctng. Néu tit ca cac nhom acyl déu giéng nhau, thi chi dung ki tu “ate” & cudi

cung két hop Vi tién to “tri”.

O O O

|
CH,OH CH,OC(CH;); 4CH; CH,OC(CH,);CH==CH(CH,),CH, CH,O0C(CH>), oCH;
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CHOH CHOC(CH,), 4,CH,4 CHOC(CH,),CH=—CH(CH,),CH, CHOC(CH,), 4CH,
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CH,OH CH,0OC(CH,), 4,CH, CH,OC(CH,),CH=CH(CH,);CH; CH,0C(CH,), ;CH,4
Glycerol Glyceryl tripalmitate Glyceryl trioleate Glyceryl lauropalmitostearate

Tripalmitin Triolein (a mixed glyceride)

(a simple triglyceride; a fat) (a simple triglyceride; an oil)



Triglycerides ¢ thé duoc thity phan trong dung dich kiém dé tao ra glycerol va
mudi cua axit béo. Qua trinh thuy phan dugc goi 1a phan tng xa phong hoéa, va mudi
cua acid béo con duoc goi la xa phong. Vi dy, qua trinh thiy phan cua tristearin voi
dung dich KOH cho ra glycerol va xa phong kali stearate.
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CH,OC(CH,), (CH; CH,OH
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CHOC(CH,),(CH,; + 3 KOH — CHOH + 3 CH,(CH,);(CO~K*

i
CH,0C(CH,), (CH; CH,OH
Tristearin Glycerol Potassium stearate

(a soap)

Chat béo va dau déu 1a triglyceride (glyceryl ester), nhung mdi loai khac nhau boi ban
chat cua nhom axit béo. Chat béo 1a glyceryl ester trong d6 nhom axit béo no chiém
vu thé, 1a chat ran ¢ nhiét do phong. Dau la loai ester trong d6 c¢6 nhom axit béo
khong bdo hoa chiém phan I6n va 1a chat long & nhiét o phong. Thanh phan cua chat
béo va dau thay d6i va phu thudc khong chi vao loai thuc vat hodc dong vat, ma con
lién quan dén cac yéu té dinh dudng va khi hau noi sinh vat d6 sinh séng. Mot s6 chat

béo va dau thong dung duoc liét ké trong Bang 28.2.



Component Acids,® % by Mass

Saturated Unsaturated

Lipid Myristic ~ Palmitic ~ Stearic  Oleic Linoleic Linolenic
Fats

Butter 7-10 24-26 10-13 28-31 1-3 0.2-0.5

Lard 1-2 28-30 12-18 40-50 7-13 0-1
Edible Oils

Corn 1-2 8-12 2-5 19-49 34-62 —

Safflower — 67 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.
Pic tinh mau sic, mui, va vi cia chat béo va dau dén tr cac tap chat hitu co. Mau
vang cua bo la cua B-carotene (Mot chat mau vang ciing duoc tim thiy trong ca rot va
cuc van tho). Huong vi cta bo 1a do 3-hydroxy-2-butanone va diacetyl tao thanh.

Céc chét béo va dau khong bdo hoa c6 thé duoc bién d6i thanh cac chit bio
hoa boi phan ang cong hydrogen dudi tac dung cua xuc tac. Do d6, dau hoic chat béo
c6 nhiét d6 nong chay thap c6 thé duoc bién doi thanh chét béo c6 nhiét d6 nong chay
cao hon. Nhitng chat béo nay khi tron véi sita di tach kem, bd sung thém vitamin A,
va mau nhan tao, thi s& cho ra bo thuc vat (margarine). Su khong bio hoa trong chat
béo hodc dau ciing duoc loai bo khi chat béo hoic dau phan hiy. Cac chit béo va dau
duge duoc thiy phan va cat dut nbi doi boi qua trinh oxy hoa khi chiing tiép xuc voi
nhiét, khong khi, va anh sang. Qua trinh nay xay ra nghia la m& da bi 6i thiéu. Cac
axit béo phan tir tir lwong thap duoc tao ra béi qua trinh phan huy c6 mui khé chiu, vi
du axit butyric c6 trong bo 6i. Chat chdng oxy hod thuong duoc thém vao dau (duoc

st dung dé ndu an & nhiét 6 cao) dé 1am cham qua trinh oxy héa cua dau an.



Bing chang y khoa cho thiy mot méi quan hé giira viéc tiéu thu mot luong 16n
chat béo bdo hoa va ty 1& mic bénh dong mach vanh. Vi Iy do nay, ché do an kiéng doi
hoi sy thay thé cac axit béo chura bdo hoa thanh cac chit béo no trong thuc pham. No6i
chung, hau hét cac chit béo dong vat 1a bio hoa, trong khi d6 cac chit béo c6 ngudn
g6c thuc vat va hai san déu ¢ dang khong bio hoa.

Phospholipid

Phospholipids (phosphatides) c6 ¢ tat ca cac té bao dong vat va dac biét pho
bién trong mé than kinh. Chung c6 ngudn gdc tir glycerol, axit béo, axit phosphoric,
va mot bazo chira nito 13 ethanolamine hoac choline. Trong nhiing cau tric dudi day,

R va R’ 1a cac nhom alkyl day dai.
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CH,OPOCH,CH,NH, CH,OPOCH,CH,N(CH;)4
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Phosphatidylethanolamine Phosphatidylcholine

(a cephalin) (a lecithin)

Gidng nhu cac phan tir xa phong, phospholipid c6 dau wa nuéc (phosphate-
ethanolamine hoic photphate-choline) va duéi ky nuéc (hai chudi alkyl). Piéu nay
cho phép phospholipids hoa tan va van chuyén chat béo va dau trong méi truong

nudc, day chinh 1a qua trinh van chuyén chat béo trong méau.



Mang té bao (ranh gidi ngoai cua tat ca cac té bao séng) bao gom mot 16p kép
phospholipid c6 dau wa nudc hudng ra ngoai méi truong nudc va dau Ky nude hudng

vao trong moi truong cholesterol va protein.

Extracellular fluid Protein

¥ Cholesterol

Phospholipid /
bilayer _#

28.3 Carbohydrate

Carbohydrate don gian c6 nghia 1a carbon lién két véi cac phan tir nuéc,
Cx(H20),. Do do, sucrose, hodc duong mia, C1,H204; twong duong voi Cqp(H20)1;.
Dinh nghia khac cua carbohydrate 1a cac polyhydroxy aldehyde, polyhydroxy ketone,
va dan xuit cua chung, va hop chat nay sé& hinh thanh cac aldehyde hoic ketone don
khi xay ra qué trinh thay giai. Carbohydrate néu bao gom cac aldehyde thi duoc goi 14
aldose; néu bao gdom cac ketone thi goi 13 ketose. Carborhydrate c6 5 carbon thi goi 1a
pentose, c6 6 carbon thi goi 1a hexose... Hai duong hexose rat thong dung trong tu

nhién 1a glucose (aldose) va fructose (ketose).



Thuat ngir dung chung cho tit ca cic carbohydrate 1a glycose. Céc
carbohydrate don gian nhat duoc goi 1a monosaccharide. Oligosaccharide 1a cac phan
tir 16n hon bao gdm hai dén mudi don vi monosaccharide lién két v6i nhau. Tén goi
cua carbohydrate c6 thé duoc dung phan anh sé luong thuc té caa cac don vi d6 ¢o
mat, chang han nhu disaccharide va trisaccharide. Mono- va oligosaccharide con duoc

goi don gian la duong. Polysaccharide chira hon muoi don vi monosaccharide trong
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C4u tric phan tir cia chiing, va chiing rat da dang vé kich thudc.

Glycoses

Monosaccharides
aldoses (aldotriose, aldotetrose, . . .)
ketoses (ketotriose, ketotetrose, . . . )

Oligosaccharides (from two to ten monosaccharide units)

disaccharides (e.g., sucrose)

trisaccharides (e.g., raffinose)

and so on.

(e.g., starch and cellulose)

Polysaccharides (more than ten monosaccharide units)



Glycose don gian nhat 1a 2,3-dihydroxypropanal (glyceraldehyde), 1a mot
aldotriose. Nguyén ttr C trung tdm trong glyceraldehyde gan bon nhom thé khac nhau,
va do d6 1a nguyén tir C nay la mot tam thu tinh (chiral). Cac phan tur thu tinh nay la
mot dang dong phéan 14p thé, hay con goi 1a dong phan quang hoc. Déi véi hop chit
glyceraldehyde c6 hai cau trac khac nhau, khong thé trung khép véi nhau, giéng nhu
hinh anh cta ban tay trai va phai hoic vat va anh qua guong. Hai ciu tric nay 1a déi

phén cua nhau (enantiomer).
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Céac hop chat nay anh huong dén anh sang phan cuc phang. Su tuong tac gitra
tia sang phan cyc va dién tir cua cac hop chit s& gy ra sy xoay mat phang anh sang
phan cuc. Mot ddi phan sé 1am xoay mit phang anh sang phan cyc sang phai theo
chiéu kim dong hd - goi 1a (+) hay hitu trién (dextro-rotatory), va d6i phan con lai
cling s& xoay mit phang anh sang phan cuc véi d6 xoay twong duong nhung lai sang
trai theo chiéu ngugc chiéu kim dong hd - goi 1a (-) hay ta trién (levo-rotatory). Boi vi

kha ning lam xoay mit phing anh sang phan cuc nén cac dong phan nay duoc goi 1a



c6 tinh quang hoat, va cac ddng phan nay duoc goi 1a dong phan quang hoc. Hau hét
cac hop chat thé hién tinh quang hoat khi cdu triic c6 chira it nhat 1 tim C bét ddi
Xtng hay tam C thu tinh.

Su SE'lp Xép cac nhom thé tai tim C thu tinh duoc goi la cAu hinh tuyét ddi. Su
dung hé thong danh phap R, S dé miéu ta cdu hinh tuyét d6i cua tdm thu tinh. CAu
hinh cta glyceraldehyde duoc thé hién dudi 2 dang (S)-glyceraldehyde va (R)-
glyceraldehyde. Luu y rang khong c6 mot méi quan hé rang budc giira cu hinh tuyét
dbi va tinh quang hoat (+/—; dextro/levo). Muén xac dinh dwoc cdu hinh R hay S sé& 1a
dong phan ta trién hay hitu trién thi phai st dung pho tia X. Va thong qua phuong
phédp nay, nguoi ta da xac dinh duoc (R)-(+)-glyceraldehyde va (S)-(-)-
glyceraldehyde.

Ngoai ra con c6 mot hé théng danh phap khac danh cho carbonhydrate duoc
nha héa hoc Dtrc, Emil Fischer phat trién, d6 chinh 1a hé théng danh phap D (dextro-)
va L (levo-) danh cho tdm C thi tinh. Nhu vay dya vao hé théng danh phap nay ta c6
hai cau tric: D-(+)-glyceraldehyde va (L)-(-)-glyceraldehyde.

Chiing ta c6 thé dung nét lién hodc nét dat dé biéu dién céu trac ba chiéu cua
hop chéat don gian chira 1 dén 2 tam tha tinh. Tuy nhién d6i véi carbonhydrate chira
nhiéu tim thu tinh hon thi cach biéu dién nay khong con phu hop nira. Vi thé Emil
Fischer di bién ciu trac ba chiéu thanh ciu trac hai chiéu, day goi 1a hinh chiéu
Fischer.

Céac ndi gitra nguyén tir C va 4 nhém thé dugc vé thanh hinh chit thap, voi
nguyén tir C trung tam 13 giao diém cua hinh chit thap. Pudng nam ngang thé hién cac

ndi hudng vé phia nguoi quan sat, dwong nam doc thé hién cac ndi hudng ra xa nguoi



quan sat. Hinh v& dudi ddy miéu ta cach chuyén tir cong thirc phéi canh thanh cong
thirc Fischer. Nhom H va OH s& duoc kéo vé phia ngudi quan sat, trong khi do 2
nhém CH,OH va CHO sé& tu dong nam hudng ra xa nguoi quan sat. Luu ¥ rang cong
thire Fischer khac véi cong thirc Lewis (khong thé hién thong tin vé hoa 1ap thé).

CHO CHO CHO

|
il H=—
H"/ " _(T)
no’  CH,OH

Ay e

—OH —5> H OH
CH,OH CH,OH

Trong cong thic Fischer, mach carbon cia phan tir dugc sip xép theo chiéu tir trén
xubng duéi. Vi tri trén cung duoc chon 13 nhom c6 s6 oxy hoa cao nhat, va vi tri thap
nhat 1 nhom c6 s oxy héa thap nhit. Cac nhém thé khac duoc gan hai bén ciia mach

carbon chinh.

CHO CHO
HO —L H H OH
CH,OH CH,OH
(51— Glyceraldehyde (R)-(+ -Glyeeraldehyde
(L)-(— ) Glyceraldehyde (p)-(+ )-Glyceraldehyde

Dua trén cong thirc Fischer, cau hinh D/L cua dudng dugc dé nghi nhu sau:
néu nhém OH gan & carbon 4p chot nam bén phai thi cau hinh d6 goi 1a D, va néu
nhom OH nay nam bén trai thi cAu hinh d6 goi 1a L. Duya trén quy udc do, tat ca

duong D déu c6 ciu hinh giéng nhau tai carbon ap chot.

CHO CHO CHO CHO
H——1—0OH HO———H HO———H H———0OH
H—F—0H HO———H H——0H HO———H

CHEOH [ CHEOH CHEOH CHEDH

Mirror Marror

D-(— }-Erythrose L+ )-Erythrose D-{— )-Threose L-(+ )-Threose



D-Erythrose va L-erythrose 1a hai d6i phan ciia nhau, D-threose va L-threose
cling 14 hai di phan cua nhau. Hai cdu trac D-erythrose va D-threose khong phai 1a
hinh va anh qua guong cta nhau, chung 1a déng phan ctia nhau va déu c6 tinh quang
hoat. Hai ddng phan nay duoc goi 1a hai xuyén 1ap thé phan.

Hai d6i phan chi khac nhau vé& hudng xoay cua anh sang phan cuc phang. Hai
xuyén 14p thé phan thi khac nhau mirc 46 xoay cua anh sang phan cuc phang. Vi thé
hai xuyén 1ap thé phan khac nhau vé tinh chat vat 1y va hoa hoc, d6 tan khac nhau
trong mot dung moéi cu thé va phan &ng véi ciing mot tac chat ¢ cac van toc phan tng
khéc nhau.

Hon hop chira luong twong dwong cau hinh D va L ctia mot hop chét dugc goi
12 hdn hop tiéu trién. Hon hop nay khong 1am xoay miat phang anh sanh phan cuc sang
trai hay sang phai. Ki hiéu DL-erythrose 1a dé chi hon hop tiéu trién. Thong thuong
khi tong hop phan tir ¢6 tdm tha tinh thi san pham thu dwoc s& 13 hdn hop tiéu trién.
Bdi vi qua trinh tao ra nhitng tim thu tinh 1a mot qua trinh ngau nhién, xac suat cho
mdi truong hop 13 50%.

Néu mubn thu dugc chi mot dong phan quang hoc duy nhat thi hdn hop tiéu
trién phai duoc phén tach ra thanh cac ddi phan. Poi khi qua trinh nay phai sir dung
enzyme dé phan ng véi mot doi phan nay nhung lai khong phan ung voi dbi phan
kia.

Monosaccharide

C6 16 aldohexose, nhung chi c6 3 dang ton tai nhiéu trong ty nhién 1a: D-

glucose, D-mannose, va D-galactose. Ba phan tir duong dé ton tai ¢ dang mach thang

v6i ham luong rat nho (~0.5%). Dang ton tai chi yéu cua chung 1a dang vong. Trong



qua trinh dong vong, nhom OH cua C-5 sé cong vao nhom carbonyl C-1 va tao ra

vong 5 nguyén tr C va 1 nguyén tir O. CAu trang ciia vong 6 ndy la cau trang ghé.

CH,OH _0 U énon o
T | /'J____ 5
HO T HO -
o JOH ] _OH
HON “SOH e HON "
3 OH | H B
H H
a-D-(+ )-Glucose B-D-(+ )-Glucose

Khi dang mach thang chuyén thanh dang vong thi 1 tam tha tinh mai dugc tao
ra tai C-1. Khi d6 sé& c6 2 kiéu dinh huéng tai tdm thu tinh méi nay. Vi cau hinh o,
nhom OH tai C-1 s& & Vi tri truc, huéng xudng dudi, va v6i cau hinh B thi nhom OH
s€ o Vi tri xich dao hudng ra khoi vong.

Céch goi tén cac monosaccharide dang vong kha phuc tap, nhung ching sé
duoc goi theo tén cua dang mach thang. Nhu D-(+)-glucosse tuong wng véi cau hinh
D cua glucose ¢ dang mach thing, va day 1a dang hitu trién. Nhu o-D-(+)-glucose
tuong tNg VGi cau hinh o-tai C-1 cua dudng D-glucose.

Monosaccharide nhu duong glucose con dugc goi la duong khir. Trong qua
trinh can bang giita dang mach thang va mach vong cua loai dudng nay, mot luong
vira du dang mach thing di gay ra phan tng oxy hoa khir v6i Cu®*(aq). Cu®*(aq) s& bi
khtr thanh két taa Cu,0 mau dé va phan aldehyde cta duong s& bj oxy hoa thanh acid.
Dung dich thuéc thir duong khir 1 phirc caa ion Cu?*/OH™ véi ion tartrate (thudc thir
Fehling) hay vai ion citrate (thudc thir Benedict).

Disaccharide
Hai phan tir monosaccharide két hop lai véi nhau bang qua trinh khir mot phan

tor H,O — phan trng ngung tu.



HOy —H,0

Glycosidic bond

N&i héa hoc duoc tao ra gitta 2 phan tir monosaccharide duoc goi 13 ndi
glycosic. Va két qua cua qua trinh nay 1a mot phan tir disaccharide. Phan tir
disaccharide dugc xem xét dya trén hai phan tir monosaccharide va cAu hinh cta ndi
glycosic giita chung 1a alpha hay beta. Mot sé disaccharide tw nhién nhu maltose,

cellbiose, lactose va sucrose.

H HO
CH,OH CHOH. 2\ R H
2 2 =H : ;OH <0
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H HO OH
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) OH [«2— H
OH Lactose (8 form)
/{ HO
HO y
OH »-OH (Glucose unit) HO o
H
Cellobiose HOH,C,
“ B
(Fructose unit) H CH,OH
OH H
[ Glucose [[] Galactose ] Fructose Sucrose

Trong ciu trac ctia maltose, 1 nguyén tir H trén nhom hydroxyl gin tai C-1 cua
mdt phan tir glucose phan tng véi nhom hydroxyl gan tai C-4 ciia phén tir glucose con
lai. Hai nhém dudng duoc gan két voi nhau boi ndi alpha. Qua trinh cin bang gitra

dang vong va dang mach thang ctia maltose c6 thé xay ra, do d6 maltose 1a mot duong



khtr. Maltose duoc sinh ra nho hoat dong ciia enzyme maltase trén chat nén tinh bot.
Trong ndm, maltose xay ra qua trinh 1én men, trude tién s& hinh thanh glucose va sau
do s€ tao thanh ethanol va CO,.

Cellbiose c6 thé thu dugc bang qua trinh thay giai cellulose. Cellbiose chinh 1a
glucose-glucose disaccharide véi ndi dang beta. Latose, hay dudng sita, ton tai tu
nhién trong stra. Ham luong lactose trong sita vao khoang 0-7% tuy theo loai dong vat
khac nhau. Lactose 1a mot loai galactose-glucose disaccharide véi néi dang beta.
Sucrose la dang duong an thong dung (tir mia hodc cu cai duong), day la mot gluco-
fructose disaccharide néi dang lalpha-2beta. Véi duong sucrose thi ca 2 hai phéan tur
duong dang vong déu khong thé chuyén doi thanh dang mach thang do d6 sucrose
khong phai la duong khir.

Polysaccharide

Polysaccharide bao gom nhiéu phan tir monosaccharide két hop lai véi nhau
thong qua cau ndi oxygen tao thanh 1 mach dai. Tinh bot, v6i phan tir lugng vao
khoang 20.000 va 100.000 u, 1a mét loai carbohydrate du trit cua nhiéu loai thuc vat
va no chiém thanh phan I6n trong ngii cdc va khoai tdy. Glycogen la dang
carbohydrate du trit cia dong vat, ching dugc luu trir trong gan va mo co, ching cé
khdi lugng phan tir 16n hon tinh bot, va mach carbon phan nhanh hon nhiéu. Cellulose
la thanh phﬁn cau tric cua thuc Vat, chung 1a thanh phﬁn chinh trong bot gd, cotton va
rom ra. Qua trinh thuy giai hoan toan cellulose s& cho ra glucose. Cellulose c6 khéi
lugng phan tu khoang 300.000-500.000 u, twong ng voi khoang 1.800-3.000 phan tu
glucose. Hau hét cac dong vat bao gom ca con ngudi khong c6 enzyme dé thuy phan

ndi beta, vi thé ching khong thé tiéu hoa cellulose dé lam thirc dn. Mot s loai vi



khuan trong dong vat nhai lai (bo, nai, lac da) va mdi mot c6 thé thuy giai cellulose dé
lam thure an.
Qua trinh quang hop

Qua trinh quang hop 1a su chuyén d6i CO, va nuéc thanh carbohydrate trong
cdy xanh. Qua trinh quang hop can xuc tac 1a chlorophyll va 4nh sang mat troi.

sunlight

n 0Oy + nH-0 C i H-0), + nOy

chlorophyll

Co ché cua phan tng quang hop dugc dé nghi bai Melvin Calvin (doat giai
Nobel nam 1961), qua trinh nay bao gom khoang 100 budc lién tuc nham chuyén doi
6 mol CO, thanh 1 mol glucose. P& 1am 1 co ché cua qua trinh quang hop ngudi ta sir
dung ddng vi *C. Qua trinh quang hop dwoc chia 1am 2 giai doan: (1) qua trinh
chuyén doi ning luong 4nh sang thanh ning lwong héa hoc-phan ung sang; (2) phan
g tong hop carbohydrate duoc xtc tac boi enzyme-phan ¢ng téi (xay ra trong diéu

kién thiéu anh sang).
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Sinh khdi 1a tat ca cac vat chat/dang sbng. Phan quan trong nhat cuaa sinh khéi
la cac vat liéu hiru co dugc tao ra boi qua trinh quang hop; cac vat liéu do 1a cay xanh
hodc cac thanh phan chinh ctia ching nhu: tinh bot, cellulose va duong. Sinh khoi
thuc vat co thé duoc sir dung truc tiép nhu 1a nhién liéu, hoic can phai dugc chuyén
d6i thanh cac vat liéu dang khi, 16ng hodc rin, chung dwoc sir dung nhu nhién liéu
hoac vat li¢u hoa hoc dang tho.

Qua trinh chuyén doi quen thudc va sir dung rong rii 1a qua trinh 1én men
duong tao thanh ethanol. Qua trinh 1én men bao gdm qué trinh phan huay cac vat liéu
hiru co trong diéu kién ky khi va dudi sy hd trg cua vi sinh vat. O Bac My, vat liéu tho
Clia qué trinh 1én men tao ethanol 14 bap.

Qua trinh chuyén d6i vat liéu thyc vat thanh nhién liéu hoa thach can qua trinh
va thoi gian dia chat phu hop, vi vdy trong tuong lai ddy 1a mot nguon nhién liéu sé bi
han ché. Hau hét cac vat liéu lam tir nhién liéu hoa thach déu c6 thé lam truc tiép tur
cellulose. Methanol (ruou gd) duoc tao thanh tir qua trinh chung cét pha huy gb
(pyrolysis). Cellulose c6 thé dugc thuy giai dé tao thanh glucose va sau d6 chuyén doi
thanh ethanol bgi qua trinh 1én men. Qua trinh 1én men ciing c6 thé duoc str dung dé
tao ra mot loat cac san pham oxy héa nhu alcohol, ketone. Nhu vy, toan bd cac hop
chat hitu co déu c6 thé duoc tao ra tir CO, va H,0, va ning lugng can cho qué trinh
nay la nang lugng mat troi.

28.4 Protein
Khi mot phan tir protein bi thuy giai trong moi truong acid loang, bazo loang, hay xuc
tac boi enzyme, két qua thu dugc 1a mot hdn hop cac alpha-amino acid. Amino acid 13

mot acid carboxylic ¢6 chira nhém amine (-NH,); alpha-amino acid c6 gin nhém



amino tai carbon alpha-carbon ké bén nhém carboxyl -COOH. Protein 1a polymer
phan ttr luong 16n bao gém cac don phan 1 alpha-amino acid. C6 20 loai alpha-amino

acid duoc xac dinh 1a thanh phén co ban tat yéu cua protein dong-thuc vat.



Name Symbol Formula pl®

Neutral Amino Acids

Glycine Gly HCH(NH,)CO-H 6.03
Alanine Ala CH;CH(NH,)CO,H 6.10
ValineP Val (CH3),CHCH(NH,)CO,H 6.04
Leucine® Leu (CH3),CHCH,CH(NH,)CO,H 6.04
Isoleucine® lleuorlle CH;CH,CH(CH;)CH(NH,)CO,H 6.04
Serine Ser HOCHCH(NH;)CO,H 5.70
Threonine® Thr CH;CH(OH)CH(NH,)CO,H 5.6
Phenylalanine?  Phe CH:CH,CH(NH,)CO,H 5.74
Methionine® Met CH;SCH,CH,CH(NH,) CO,H 5.71
Cysteine Cys HSCH,CH(NH,)CO,H 5.05
Cysﬁne ( CyS) 2 [ SCHQCH{ NHz} COEH] 2 51
Tyrosine Tyr 4-HOCH ,CH,CH(NH,)CO,H 5.70
b
Tryptophan Trp |\/ I CH,CH(NH,)CO,H 5.89
2 \T/
H
Proline® Pro :N: Co.H 6.21
1|{

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
Histidine His K : CHCH(NHCO-H 7.58

H

2pH of isoelectric point.

PEssential amino acids. In addition, arginine and glycine are required by the chick, arginine
by the rat, and histidine by human infants.

“The secondary amino group makes proline an a-imino acid. Nevertheless, it is commonly
listed with amino acids.



Protein dugc tim thiy & tat ca cac co thé song. Trong dong vat, protein nam ¢
co bép, da, toc, va cac co quan. Enzyme déng vai trd xtic tac cac phan tng sinh hoéa.
Hormone diéu khién cac qua trinh chuyén hoa. Khang thé chdng lai cac tac nhan ngoai
lai tan cong co thé. Tat ca déu la protein.

Amino acid

Ngoai trir glycine (H,NCH,CO,H), tit ca amino acid tw nhién déu 1a c6 tinh
quang hoat va hau hét dau co cau hinh L.

Céac amino acid c6 1 nhom NH; thay thé cho nhém OH cua carbohdyrate. Xét
hinh chiéu Fischer cua cac amino acid thi cdu hinh L ctia amino acid biéu dién nhom
NH, nam phia bén trai cua khung carbon.

0
0 I

I C—OH
C—OH
| = HyN—+——H
A |
NH, R

An L-amino acid
Amino acid l1a dang tinh thé khong mau, nhiét d6 néng chay cao, do tan trong
nuéc vira phai. Trong dung dich acid manh (pH thap), amino acid tn tai dudi dang
cation. Proton cua dung dich acid gan vao cap eletron ty do cta nguyén tir nito cua
nhom NH,. Trong dung dich bazo manh, anion dugc tao ra thong qua viéc mat proton
ciia nhom carboxylic COOH va nhém NH;'. Tai diém dang dién, amino acid mat
proton cua nhém COOH nhung van gitt lai nhém NH;*. San pham lac nay 1a mét ion

ludng cuc hay con goi la zwitterion.



Lwitterion
OH~ QOH™

H,N —CH—CO,H Sy ugm—fﬂ—cog o H;N—([ZH—COZ“
R R R
Acidic solution Isoelectric point Basic solution

Amino acid 14 hop chat ludng tinh (phan tng duoc Véi ca acid va bazo). Tinh
acid ctia nhém NH;" hoi manh hon tinh bazo ctia nhém COO™. Hau hét cac amino acid
rat gan voi pH trung tinh. pH ma tai d6 amino acid ton tai & dang ion ludng cuc duoc
goi 1a diém dang dién (pl). Tai gia trj pH d6 thi phan tir khong di chuyén trong dién
truong. Tai gia tri pH cao hon pl, phan tir di chuyén huéng vé anode (dién cuc
duong), va tai pH thip hon pl phan ttr di chuyén vé huéng catod (dién cuc am). Hau
hét cac amino acid c6 tinh bazo ¢6 gia tri pl 16n hon 7, con amino acid c6 tinh acid thi
pl nho hon 7. Hau hét cac amino acid trung tinh ¢ pI hoi thap hon 7 (5.7-6.1).
Peptide

Hai phén tir amino acid c¢6 thé gan lai v&i nhau boi viéc loai mot phan tir nuéc
gitta chung, qua trinh gin két nay tao ra mot dipeptide. N&i hoa hoc giita hai amino
acid duoc goi 1a ndi peptide.

} Frr

‘ |
H,N—CH—C—OH, + HN—CH—CO,H —
| Peptide bond
P

R
T

H,0 + HZN—(l“H—(”—NH—CH—C()QH
R

A dipeptide

Mot tripeptide c6 3 phéan tir amino acid va c6 2 ndi peptide. Mot luogng 16n

amino acid két hop lai voi nhau sé& tao thanh polypeptide.



Phén tir amino acid nam ¢ mot dau caa mot chudi polypeptide ¢ chira nhém
NH, tu do, dwoc goi 1a dau N-. Pau con lai cua chudi polypeptide co chira nhém
COOH tu do, duoc goi 13 ddu C-. Ciu trac cta polypeptide duoc viét voi dau N- ¢ bén
trai va dau C- bén phai. Danh phéap cua polypeptide dugc goi theo tén ctia nhom
amino acid dau C-, va nhirg amino acid khac trong mach duoc xem nhu 13 nhém thé
(4m cudi cta cac amino acid dugc thay doi tir ine thanh yl). Tén viét tat caa duoc sir
dung kha thong dung khi goi tén polypeptide.
Trinh tu chudi amino acid

Mot chudi gom tripeptide bao gém 3 amino acid di biét: A, B, va C. Vay cau
trac chinh x4c cua chudi nay la: ABC, BAC,...? Tong cong c6 6 kha ning xay ra. Néu
chudi peptide dai hon nira, s6 kha niang sé& 1a rat 16n. Vi vay viéc xac dinh trinh tu cia

chudi peptide 1a mot van dé rat quan trong.

NO, NO,
i R 0 & R O
; . | | ) ) | | hydrulysis
O,N— F + HEN— -CH—C—NH+»+ —— O,N—{| NH—CH—C—NH--- - 3
2 d-dinitrofluorobenzene A colorless NO,
DNFB peptide chain & R
(yellow) ) T | ulhf:r
0, N— NH—CH—CQ,H + amino
) \ i ) acids

DMNP-amino acid
(yellow)

A FIGURE 28-10
Experimental determination of amino acid sequence

In the reaction between DNFB and a polypeptide, the N-terminal amino acid
ends up with the yellow marker (a dinitrophenyl group, DNP) attached to it
By gentle hydrolysis and repeated use of the marker, a polypeptide chain
can be broken down and the sequence of the individual units determined.

Sy phan biét giira polypeptide 16n va protein con chua dwoc théng nhat. Thong
dung nhat, nguoi ta chip nhan riang néu phan tir khéi 16n hon 10,000u (khoang 50-75
phan tir amino acid) thi hop chat nay duoc goi 14 protein. Protein c6 diém dang dién
dac trung, va tinh acid hoac bazo phu thudc vao thanh phﬁn amino acid. Khi protein bi

nung néng, xir Iy vai dung dich mudi, hoac tiép xuc véi tia UV thi cau tric protin sé



c6 sy thay doi phuc tap, dugc goi 12 sy bién tinh. S bién tinh thuong dan dén giam 46
hoa tan va mat hoat tinh sinh hoc. Protein toc c6 kha ning tao ra su bién tinh thuin
nghich. Protein toc (keratin) c6 chira néi disulfide (S-S). Khi toc duoc xir Iy véi cac
tac chat khir, ndi disulfide s& bi pha hiy-qua trinh bién tinh, toc s& duoc tao thanh kiéu
mong muén. Sau d6, toc s& dugc Xt Iy v6i tac chat oxy héa ém diu, ndi disulfide s&
duoc tai tao lai vao toc sé gitr nguyén kiéu tao hinh ma ta da thyc hién.
Céu tric caa protein

Protein ton tai 4 mic d6 ciu trac (bac 1-4). Céu trac bac 1 caa protein chinh 13
thir tu chinh xac ctia chudi amino acid trong mach polypeptide 1am nén phan tir
protein. Cau trac hay hinh dang cua nhitng chudi protein chinh 1 c4u trac bac 2 cua
chung. Nam 1951, dua trén phd X-ray cia polylysine (phan tir protein tong hop),
Linus Pauling va R.B. Corey da dé nghi dang dinh huéng cua polypetide nay 1a dang
xoan 6c¢ (helical). Dang xo0dn ¢ nay c6 thé co chiéu trai hodc phai, tuy nhién protein

nay chi bao gom 1 loai amino acid nén cau truc xoan cua n6 co6 chiéu phai.

- N—H Q,,
L M «FIGURE 28-12
\ s 0 » Secondary structure of a
3 H e protein—an « helix
B = : 2 Q The helical structure is stabilized
3 ()\ : w by hydrogen bonds between
N\ \“9 .
: | & . : (0] H
@ ¥, |
L 0 —C—groups in one turn and —N---

] groups in the next turn above. The bulky
: R groups are directed outward from the
atoms in the spiral.



Nhitng kiéu dinh hudng khac ciing c6 thé Xay ra. Vi du nhu beta-keratin va soi
to lua duoc sip xép theo dang phién gap. Trong nhimng protein ndy, cic mach nhanh
dugc mé rong & ca phia trén va phia dudi cua phién gap, va c6 ndi hydrogen giira
nhitng phan tir khac nhau (ndi lién peptide) nim cach nhau 0.47 nm. Cac phién chong
1én nhau va cach nhau khoang 1.0 nm. Mét sé protein nhu gamma-globutin c¢6 dang

v6 dinh hinh, vi thé ching khong duoc xac dinh ciu triic bac 2.

(a) (b)

Rat nhiéu protein ¢6 nhitng cau trac phu thém ngoai sy sy ndi dai con c6 thé
cudn xodn hay that nat... Hinh dang cudi cung cta phan tir protein dugc s& duoc dé
cap trong cau tric bac 3. Boi vi ndi hydrogen lién phan tr kha yéu nén ching ta
muong mudn thay thé nhitng ndi hydrogen nay bang phan tir nudc, khi phan tir protein
duoc dat trong nude. Khi d6, dang xoin alpha s& mé ra va c6 ciu trac ngau nhién.
Nhung véi cac thi nghiém thuc té diéu d6 khong xay ra, diéu d6 c6 thé két luan rang
c¢6 nhitng lyc khac anh huéng dén su lién két cac chudi xoin alpha dai thanh dang
hinh hoc nhat dinh. Cau triic bac 3 ciia myoglobin c6 3 loai ndi dugc xac dinh nhu

sau.



1 T
{CH,CO~ HN—(CH),—}  §CH,~C=0—H—OCH,—}

Aspartic Lysing Asgpartic Serine
acid acid
{a) (b)
{—CH,—SH + HS—CH,—§ =—= {—CH,—S—S—CH,—}
(c)
Phén tir hemoglobin bao gém 4 mach polypeptide riéng biét hay con goi 1a tiéu
don vi. Su Sép Xép cua 4 tiéu don vi nay tao nén mot cAu trac bac cao hon goi la cau

trac bac 4. Hemoglobin bao gém 4 mach polypeptide; 2 mach alpha véi 141 phan tir

amino acid va 2 mach beta méi 145 phan tir amino acid.



