Chwong 3: GLUCID

e Dinh nghia

e Chtrc nang

e Phan loal

e Monosaccharide
e Disaccharide

e Polysaccharide




Glucid

 Dinh nghta:

— Nhém phén t& sinh hoc c6 mét nhiéu nhat trén Tréai
bat

— Trong tw nhién, thyc vat va tdo tong hop cellulose va
cac san pham hiru co khac ttr 100 ti m3 CO,, va nwéc

— La hop chat polyhydroxy aldehyde hoac ketone

— COng thtre cau tao: C, H,,0,,

e M6tsod conchiraN, P,va$S

— Carbohydrate




6H20 + 6C02 ——————————1 C6H1206+ 602

LIGHT REACTIONS

H,0

Light

Photosystem I
lectron transport ¢
Photosystem |

Chloroplast a4

Copyrght & Paarson Education, Inc., publishing as Benjamin Cummings.

CALVIN CYCLE

Fatty acids

Sucrose (export)




Glucid

e Chtrc nang
— Cung cap nang lwong (SV di duwdng)
— Tao cau trdc, tao hinh
— Bao vé
— Phuwong tién van chuyén van chuyén tin higu
gilra cac té bao




Arrangement of Fibrils, Microfibrils,
and Cellulose in Cell Walls

Fibril

Plant cell
Microfibril Y
-0 cu-l HH H

EHf_,DH

Cel!uluse




Blood Group Antigens

O
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NHCOCH,
O
0 Type B
{ Fuc 4

Person Has Makes Antibodies Can Safely Receive Can Safely Donate

Blood Type: Against: Blood from: Blood to:
O AB O QA B AB
A B QA A AB

B A QB B.AB

AB None O, A, B, AB* AB
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Phan loal

 Dwong don - monosaccharide

* Buong kep — oligosaccharide

— Chubi ngan chra mot s6 dwdng don ndi véi nhau
thong qua lién két glycoside: n ~ 2 — 10

— Tén goi: co dudi —ose

— Puwong an: sucrose hay saccharose

— Chudi oligosaccharide véi n>3, thwdng & dang lién
két v&i protein va lipid, phtree lién hop -
glycoconjugate

 Dwong da - polysaccharide
—n>10
— Cellulose, tinh bdt, glycogen,...




glucose

S-carbon monosaccharides CHEDH
OH OH OH H HO OH
Ribose Deoxyribose H HO
G-carbon monosaccharides
CH,OH
H O H
OH H
HO OH
H ©OH
Glucose
CH,OH
H O, H
OH H
HO
H OH

Sucrose (a disaccharide)




Glucosa
CH,OH
H O W
H
OH H
HO OH

(a] H OH

Dohydration
synthesis L

CHOH CH,O0H

KpRes,

CH,OH CH,OH CH,OH CH,OH
H O H H O H H DM H O
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o-glucose subunits

CHzOH CHyOH CHgOH CHzOH

o.0D

Starch: Chain of a-glucose subunits

CHzOH acnz CHyOH

Yy

Glycagen: Branched chain of a-glucoss subunits

B-glucose subunits

Cellulose: Chain of f-glucose subunits




Pbwong don - Monosaccharide

Phan loal: khung C

— 3C.: glyceraldehyde va dihydroacetone
— 4C.: tetrose

— 5C: pentose

— 6C: hexose

2 nhdm

— Aldose: chira nhom aldehyde —CHO
— Ketose: chtra nhom ketone —CO
Mach thang, lién két don C-C,

« C bat déi > Bdéng phan quang hoc
Cau tao mach vong




D-ketose Family

The D-aldose Family L
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Fructose Glucose

Cau tao :

)
H—(I:— OH tllm 0
l‘l:m 0 H—IIII—DH
A A X s HO—-C—H HO —C—H
* Pong phan cau truc o b
— Cung cong thirc héa hoc He C— OH HeC— OH
X s 7 | |
nhwng cau trac hda hoc H—C—OH H—C—OH
N g < , - "f h I:l:
hoan toan khac nhau Ho Stetnl oy
H 0
| | H_ 0 "
H—C—OH H—C—OH C//\c
| -2H | -2H |
(|)=O - H—(P—OH — > H—C—0H == HO—C—H
H—C—0H H—(—0H H—G—OH H—C—O0H
H H A |

Dihydroxyaceton Glyxerol D-glyxeraldehyt
(cetoz) (aldoz)




Cau tao (it)

« Pong phan quang hoc
— Carbon bat doi: nguyén tt C lién két véi 4 nhém (goc) héa hoc
khac nhau

— La nhirng chat co6 hoat quang — c6é kha nang quay mat phang
anh sang phan cwc qua trai/phai
— S06 doéng phan quang hoc: 2", n |1a s6 lwong C bat doi
« Nhém —OH nam bén phai: ddng phan D
— Tat ca monosaccharide déu c6 it nhat 1 nguyén t& C bat doi
— Trong tw nhién, dai da s6 dwdng don thudc dang D
— Tén goi
« Enantiomer: chi 2 dang cia déng phan quang hoc
« Epimer: khi 2 phan t& dwdng chi khac nhau béi sw sap xép clia cac
nhom —OH hay —H xung quanh nguyén t& C
e Tén ketose dwoc goi theo tén cua aldose thém -ul vao trwéc dudi -
ose




Sugar stereochemistry

Mirror

\
\

CHO CHO

CH,OH

\,

Ball-and-stick models

CH,O0H

?HO ([IHO
H—(|3—OH HO—(IZ—H

CH,OH CH,0H
D-Glyceraldehyde L-Glyceraldehyde

Fischer projection formulas

CHO CHO
H~C—OH HO—C—H
CH,0H CH,OH
D-Glyceraldehyde L-Glyceraldehyde

Perspective formulas
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CHy-OH CH,-OH

J-{+1-glucose |D-(+1-manrose| D-[-)-gulose  D-[-)-dose |D-(+)-galactose | D-(+)-talose




Cau tao (it)

Cong thire vong
— Phu hgp voéi trang thai hoa ly, dac biét trong dung dich nwéc
— Tao bdi lién két ndi O ctia nhom —OH véi nhom carbonyl trong
cung phan t
— 2 ddng phan quang hoc maéi
 Dang a
 Dang
— Cau hinh khéng gian ba chiéu
 Dang thuyén (thwéng gap trong tw nhién)
« Dang ghé
— Nhom —OH & vi tri a/f3 m&i cé kha nang phan &ng cao: -OH
glycoside




a-D-glucose H.0 equilibrated a0 p-D-glucose
CeHyo05 — solution — CeHi120e
m.p. 146° [oe]=+52.7° i m.p. 1509
[ce]=+112° I6% o + 64% P [ce]=+192
HR?D
Hz0 H=—OH Ho0
AN S S
q H——CH -
H——0OH
furan pyran a-D-glucopyranose CHz0H f-D-glucopyranose
6% < 0.01% 64,
Mutarotation Equilibrium
H. 1.0 tat
~cF ¥ % CH,-OH % H,-OH
H-6—oH 5 & —CH,-0H Z i} Pl
z | HooeT =2 —COH H OH (H)
4 = oH H S OH  H = \
H—=C—0H I ™ | 710 | |~ 170 4
5 9 Sk SNe—_ L7 OH 3 = 1O
H—_—0H 3 2 # 2 anomeric
5 ] H OH OH H OH
CHs-OH carbon
D-{+J)-glucose D-glucopyranaose
H. 1.0
b CH,0H . : i
2 H
H_E_DH . 4H z 0 rotate about TDHE‘:: m heriacetal HDHEE ':'H_h____ "’T (OH)
H=—2OH = H H 1 C3-C4 bond H H . formation H H /-
H-4—0H OH Y2 H ¥ A H Y 7 OH (H)
SCHAOH CH  OH oH  ©H OH - OH

D-ribose

o & [-D-ribofuranose




Tinh chat cia monosaccharide

 Tinh chat vay li
— Khéng mau, vi ngot
— Hoa tan trong nwéc, khong tan trong dung moi hiru co
— Khong bay hoi
— Tinh hoat quang: lam l&éch mat phang cta anh sang phan cuc
khi cho anh sang di qua dung dich dwdng




Tinh chat cha monosaccharide (tt)

e Tinh khty
— Kha nang nhuwédng dién t&r cda nhom —OH va —CO
— Monosaccharide bi oxi hda thanh axit gluconic
— Phan wng Fehling

CuSO, 2NaOH= Cu(OH), + Na,SO,

H
Cu(OH), + OR-(H-COONa cur O CooNa
HO—C—COOK \o—ﬁ—COOK 2H,0
Seignet Hop chat trung gian
H ?HO ?HO OH-CH-COONa
O—C—COONa
cul 1 coox T fcHOM), —= Cu0 + (CHOH), + HO—C—COOK
O—C—COOK
H CH,OH COOH |
Hexoz Axit gluconit Seignet




Dd ClI, Br hay | trong dung
dich kiém/ dd kiém cua

cac ion kim loai Gluconic axit
COOH
(C%HOH)n
Oxy hoa ho3
nhe nhang CHzOH O:T(]);nﬁa
CHO COOH
ICHOH (C}'HOH)n Glucaric acid
n
Glucose (| ) ook
CHZOH
Oxy hoa
CHO manh

Oxy hoa nhe nhang |
va nhém —OH JCHOH)n
. > I
glucoside i‘]’u«_yc bao COOH
ve
Glucuronic acid




H.. 0 HO. .0
H—F-0H H—F-0H
H—EOH —20es  H—f-OH
H—EoH P77 H—E-OH
CHz-OH CHz-OH
D-(-1-ribose ribonic acid
H.. 0 HO. .0
H—F-0OH H—F-0H
R HMOZ e
H CIH I:Iilute= H=—==13-- Mirror
H—E-oH H—=-0H
CHo-OH HO~0
D-(-)-ribose tibaric acid (achiral)
HE;.:,D HDH;_;,D HDxﬁi:I HE?D
HO—=- HO——H HO——H —E
N HMO _ HMO5 NP A H
H—EO0H ———2s H—0H = HO——H — po—Ey
5 dilute dilute
H—E0H H——0H H——0H H—EOH
CHz-0H Lo =0 Lo 0 CHz-0H

D-{-1-arabinose D-arahinaric acid D-lyxaric acid D-(-1-ly=xose




Tinh chat cia monosaccharide (tt)

C—OH CH,OH
H—C—OH H—C—OH
HO—(:J—H HO—C—H
« Tinh oxy hoa H—g—on  * e T H—C—ok
7 = s A > 7 —_ C_OH
— Duwéi tAdc nhan khtv, nhém — EH g: Lo
CHO hay —CO bj khtr thanh ; o
céc polyalcol D-glucoz D-soocbitel
CH,0H
H—C—OH
— Tac nhan kho thwdng dung: HO—C—H
hydride kim loai (NaBH,), H—C—OH
hyd hén hé - C—OH H C—O0H
ydrogen hon hong Na-Hg | +H, |
H—(—0H CH,0H
HO—C—H |
| D-soochitol
H—C—OH oo
o HO—G—H
CH,OH +H, |
HO—C—H
D-glucoz H_é_OH
|
C—OH
CH,OH

D-manitol




Tinh chat cia monosaccharide (tt)

« Phan &ng tao lién két glycoside
— Nhom —OH glycoside cua dwdng don tham gia phan &ng véi OH
glycoside/alcol tao thanh ester twong trng

— Phén carbohydrate trong phan t& glycoside dwoc goi la glycol va
phan khdong carbohydrate goi la aglycon

CH=0OH
2
HaD ocH, Methy! B-D-glucoside
= _ [m]
CHzOH .\ CH-OH HDH [o]p 34
HO o H HO CE}:' CH3OH ‘/+ both anomeric glycosides
HO ] o Hi - H are stable to base, and are
oH HzO - -ZH=0OH \ CHoOH not oxidized by Tollen's reagq.
0
C-glucose HZD HaD o methyl a-D-glucoside
« or b anomer 0 [2]p = +159°

CICH




Tinh chat cia monosaccharide (tt)

 Phan rng ester hoa
— Nhom —OH tai C1 v a C6 thwdng tham gia phan wrng tao ester

— Phurc ester v&i nhém phosphate 1a sdn phdm trung gian quan
trong cua nhiéu qua trinh trao ddi chat trong

» D-glyceraldehyte-3-phosphate, D-glucose-1-phosphate, D-glucose-
6-phosphate,...

D-Glucose Hexokinase a-D-Glucose-6-phosphate

o

|
O_F -0z

|

ATP ADP

L) e L
Hn::"L

e
.':11 D
| %J‘"“DH
OH




Cac monosaccharide phd bién

e Triose
— Puwong don gian nhat — 3C
— Hegp chat trung gian quan
trong trong qua trinh ho
hap
— Glyceraldehyte
e 1 C bat doi
« Tinh thé ran, ngot, khdng
mau
— Dihydroxyaceton
« Khong c6 C bat dbi
« Tinh thé trdng hat am,
ngot, c6 mui dac trwng
« Tac nhan sam da

» UD: sunless tanning lotion
hay self-tanning lotion

ALDOSES KETOSES
TRIOSE SUGARS (C3Hg03)
H
H O
Hfl:i H--l'.i? —OH
l[—ti:—i:‘}l-I .;szg
H—Cl‘.——{}l-l H—-‘I[.‘—D}-!
H H
Glyceraldehyde Dihydroxyacetone




Cac monosaccharide pho bién (tt)

e Tetrose
— 4C
— Aldotetrose
 D-Erytrose
 D-Threose
— Ketotetrose
o D-Erythrulose

D-erythrose D-threose L-threose L-erythrose
HH #ID HH #D H"‘a » i) H )
H=——0CH |HO——H | H——0OH |HO H
A L L e e B HO——H
CHOH CHOH CH.OH CH,OH

D-erythrulose

L-erythrulose

CH,OH
0
OH

CH,OH

CH.OH
0
HO——H
CH,OH




Cac monosaccharide pho bién (tt)

Pentose
— D-Ribose
« Thanh phan cta acid
ribonuclic va vitamin
— D-Deoxyribose
« Thanh phan cta acid
deoxyribonucleic
— D-Ribulose
« Puoc tim thay trong té
bao dong-thwc vat
— D-Arabinose
« Thwdng gap trong thanh
phan cua hemicellulose,
trong nhwa cay

* Khong bi lén men

PENTOSE sUGARS (CsHqpls)

H

H 8] |
\;C’f H—{lZ—DII
1
H—EC—DH C=0
] |
H'—éCl*—DIr'I ]l—-(lﬁ—{}l-i
H—C—0OH H—C—0OH
4] |
H—C—0OH H—C—0H
S| |
H H
Ribose Ribulose
H,\ fo

H— ¢ —QH

HO— < —H

HO— C —H

CH,OH

Arabinose




Cac monosaccharide pho bién (tt)

e Hexose — D-Fructose
— D-Glucose « Pwdng qua - cé nhiéu
« D& hép thu nhét trong co trong trai cay, mat hoa
the nhat (4 kecal/g) « De dang Ién men b&i
e San pham cta QT Quang nam men
hop « Thudng & dang
« San pham thdy phan cua furanose

glycogen (dong vat va
nam) va tinh bét (thwc vat)

e Co nhiéu trong nho, trai
cay, huyét thanh, mau,
tay, nao

‘W

Q——I
I—/——0
O——=x

HO




Cac monosaccharide pho bién (tt)

« Hexose — Mannose
— D-Galactose « C6 nhiéu trong trai cay,
« Pudng ndo, brain sugar cay man viét quat
 Trich ra ttr pectin, agar * Bj oxi hdéa tao thanh
« Trong co thé, 1a thanh mannitol
plhan cu? glycollpld, Ox_H Ou_H
coprotein
g}' P o HO——H H——0OH
i 5 « Kéem ngot va kém tan hon HO——H H——aH
4
N glucose, He—OH  HO——H
| H M HL H
H— C — OH ZHCH ZH:OH
I D-Marnose L-Marmoze

OH OH
Hoﬁt/'\TﬁJDH

H Mannitol
OH OH




Cac monosaccharide pho bién (tt)

« Heptose

— Sedoheptulose
» Ketoheptose

CH,OH

C=0
HO—C—H
H—C —OH
H—C—OH
H—C—OH

CH,OH

Fischer
open-chain

alpha pyranose

CH,CH

O CH,OH
HO

HO Y= O H
OH

CH,OH
HO—C—H
0
HO
OH
OH

alpha furanose

CH,OH

beta pyranose

CH,OH

o OH
HO
Hi CH,QH

OH

CH,0H
HO —C—H

O

HO
CH,OH

2H

OH

betz furanose




Pwong doi-disaccharide

Céau thanh tlr 2 dwdng don

Lién két glycoside gitta nhdm —OH trén nhan dwéng nay voi
nguyén t&¢ C cua nhan dudng kia

Lién két glucoside bi phan giai boi acid va enzyme ma khong
bi thay giai b&i kiem

Tinh khir cha dwdng déi phu thudc vao lién két glycoside




Céc disaccharide dién hinh (tt)

« Maltose
— DPon phan: a-D glucose
— OH glycoside + OH alcol (C4)
— Puwdng khr

— C6 trong mam lia, men bia, keo mach nha; 1a sdn pham thay
phan tinh bot

— Enzyme thay phan: maltase

CH2OH CH20H CH2OH

0 e o
H H H H glycosidic H H
H H ; linkage I/ H
OH HO OH
H OH H OH H OH
GLUCOSE % GLUCOSE : MALTOSE

{(a) Condensation synthesis of maltose




Cac dwong doéi dién hinh

 DPwong an/Sucrose
— DPon phan: a-D-glucose va
B-D-fructose
— Lién két 1-2 glycoside
— CO6 nhiéu trong mia, cu cai
dwdng
— Puwong khéng khay

CH,OH

CH,OH

OH Nemm O CHOH
alpha 1-2
I I i ':ll I glyﬂﬂﬁldlﬂ bond ( '}]_ | l I

o-Glucose B-Fructose

Sucrose

e Lactose/dwong sira

— DPon phan: b-D galactose
va b-D glucose

— Lién két 1-4 glycoside

— Puwdng khir

— C6 nhiéu trong stra va cac
san pham tw stra (dairy
products)

CH,OH

CH,OH

H OH

-Galactose
ﬁ Galactos Lactose




Glycan

Polysaccharide

Polymer cau tao t&r cac don vi monosaccharide

Phan loai

— Homopolysaccharide, polysaccharide thuan: 1 loai dwérng don

— Heteropolysaccharide, polysaccharide tap: it nhat 2 loai dwdng
don khac nhau

Khong c6 MW xac dinh
— Hé enzyme xuc tac cac phan ng ndi cac don vi dworng don voi

nhau




Mot sO polysaccharide pho bién

+ Tinh bot
— Polysaccharide dw trir pho bién & TV, dang hat nho
— DPon phan: a-D-glucose
— Cautao
 Amylose
— Mach thang dai, 250-300 gbc glucose, lién két a-1-4 glycoside
— Tao xoan nho lién két hydro
— Tao mau xanh khi két hop véi lod
* Amylopectin
— CAu trac phan nhanh, co6 tinh keo, cho mau tim véi lod
— Mach thang dai trung tam chia Ik a-1-4 glycoside, tlr d6 phat ra cac
nhanh phu v&i Ik a-1-6 glycoside
— Thuay phan béi E.amylase hay acid, tao ra cac sp trung gian |la
dextrin cho mau khac nhau vai lod, cubi cung cho maltose roi
glucose

— Ko tan trong nwéce lanh, dun nong tao thanh dung dich keo:ho
tinh bot




HOHD

u-1.4-glycosidic
inkage

HOHD

f

w-1,6-glycosidic
inkage

Single reducing end

Amylopectin

+ CH,0H

Structure of amylopectin, a branched starch

reducing end

Amylose, an unbranched starch




F-Amylase

\

Single reducing end

Action of a and [ amylases on amylopectin, a type of starch

C6 2 loai E. amylase c6 thé thdy phan tinh bét
- a-amylase: endoglycosidase

- B-amylase: exoglycosidase, phan cat tr dau khong khir




Mot sO polysaccharide phd bién (it)

 Glycogen

— PSdv trlr & dbng vat va
ngwoi, chu yéu & gan

— Cau tao mach nhanh nhw
amylopectin nhwng c6 muc do
phan nhanh cao hon

— 10,000-12,000 Glc ~ 106-107
Da

— Hoa tan trong nwé&c néng cho
mau doé tim hoac doé nau voi
lod
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Mot sO polysaccharide phd bién (it)

e Cellulose
— PS cau tao nén vach té bao thwc vat
— Cau tao tir B-D glucose lién két 1-4 glycoside
— Mach thang, dang soi, dwoc 6n dinh nhé céc Ik hydro
— Bén,bj thay phan nh& enzyme cellulase




Fibre de cellulose

Macrofibrille

i
" "*'3.-.

#

Microfibrille

H OH
Cellulose CHo oH" CHa OH
a linear polyglucose  ~ww( Q- WD D"‘“'w[}m
joined by g-1-4 bonds HO O 0= Ho D ]
HO f:’ CHzOH Hi . CH20OH

H .- AR { intra and intermolecular
hydrogen bonds




Mot sO polysaccharide phd bién (it)

e Chitine
— L& homopolysaccharide mach thang
— CAau tao tlr don phan N-acetyl-D-glucosamine ndi vé&i nhau bang
lk B 1->4 glycoside
— Twong tw nhw cellulose
— Thanh phan cau tric bd khung cua cac loai dong vat thudc
nganh chan khép: cén trung, tdm cua,...

CH,OH CH,OH

H NHCCH H  NHCCH,
|
() Q)

N-Acétylglucosamine N-Acétylglucosamine

— Chitine —in




Mot sO polysaccharide phd bién (it)

* Polysaccharide tap (heteropolysaccharide)

Peptidoglycan

La thanh phan khung cta vach té bao vi khuan, mo lién két déng
vat

Pon phan: N-acetylglucosamine va N-acetylmuramic acid

Lién két B-1-4 glycoside

Cac soi heteroPS nam song song va dwoc ndi véi nhau béi cac
doan peptide ngan

Bi phan giai b&i lysozyme, xtc tac cat dit Ik ndi 2 nhan dwdng
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G: N-acetylglycosamine; NAG
0-glu / Interbridge (may bhe sewveral

M: N-acetylmuramic acid; NAM | additional aa's here)

DAP: diaminopemilic acid DAP ——— D-ala
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L-ala: L-alanine D-ala DAP tetrapeptide
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. D-glu: D-glutamic acid D-glu
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