Chapter 4. &=3%}=(Carbohydrates]

Carbohydrates
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Objective

1. Asymetric carbon (H]t)* El4%)

2. Mutarotation(H %3] %)

3. Epimer(el ¥ ™) and anomer(o}=™)
4. Amino sugar 7% % 7%

5. Deoxy sugar 9 7% % 7]%

6. Glucose oxidase ¢ 7|%
7. Sugar alcohol and reducing sugar

8. L-form sugar &+

Key

words 9. Peptidoglycan(murein) ©| &?

10. Chondroitin sulfate and heparin® T+ & %
11. Proteoglycan % % 7]%

12. Ceruloplasmin®] &

13. Glycoconjugates(d&-3HA))

14. Oligosaccharides 7]%
15. Glycoside A%t

16. Lectin and selectin®] 7]%




*

o337 : starch, cellulose, chitin, glycogen

R3] &4 : amylase, cellulase, chitinase, phosphorylase,

gdFe 2&dH - 2 g =Ae] =2 Fglycosidic bond)
F3E AgE dyA AR FAgOHEAE).

B8 4a543lE £%4 (Insoluble carbohydrates polymer)

- FZ2 % B384 2 FE3T.

ox) Bacteria, plant (A2 9) Animal (dZ2%3 2 A x¢3)

2 g3 F £33 (other polysaccharide polymers) :

- Z7A A A (Skeletal joint)dtE &84

- AE7r9 %‘dfﬁ}(Adhesion between cells)Z&

Sz X2 HEE @ S 18T ATHAHZ QATL] ACL

38 A9 (Definition)

* E&—?@r%olﬂ Zelstol =54 <5 =(polyhydroxy aldehydes) =2 &e]sto]=
=] AlE(polyhydroxy ketones) @H¢l= 5o e 54
T 7R =S w o]y ggE AMEHE 2SS FHEMA Hekt)
% A& 2 (empirical formula) : (CH-O)n
« o] BrEdtEe A4 < E 338 i3
. &35 9 EF/F (Classification of carbohydrates) : ose
« TdF(Monosaccharides, simple sugar)

- atuo] EEsto]l=E A dHstol=y AEGYE FAEH 3
ex) Cg sugar : D-glucose, D-fructose
* o] 3+ (Oligosaccharides)
- ©9] @3Eo] glycoside linkages [ScITAI0IE Z2ECE HAL(H ULCL
ex) maltose, lactose, sucrose &

% T (Polysaccharides)
- consist of long chain having hundreds or thousands of monosaccharides units.
- A9 (homopolysaccharides) : starch, cellulose, glycogen
— heteropolysaccharides : hyaluronic acid, chondroitin sulfate, dermatan sulfate
[1] &2 F (Monosaccharides, simple sugar)
- 54 : colorless, crystalline solid, water soluble, sweet taste

H. 0 H
Vs I
H o H \?/ H—?—OH
N |-|—c|—0|-| H—C—OH =°
| HO—C—H HO—C—H
H—C—OH C=0
[ H—C—OH H—C—OH
H—CI—OH H_CI_OH H—C—OH H—C—OH
H H CH,OH CH>OH
Glyceraldehyde, Dihydroxyacetone,  Glucose, p-Fructose,
an aldotriose a ketotriose an aldohexose a ketohexose

- Aldose : glyceraldehyde (aldehyde group &S
- Ketose : dihydroxy acetone (Ketone group &)



1) @3 FE vdIAS2E 7MX3 o
@ HIHAELA (Asymetric carbon) = (chiral carbon)
- 4719 Zt7] g2 A e YAt A eA Yt
- A oA E EA ST

@ JA o)A A& (Stereoisomerism)
- FUS EAA Y FAs F2AS A ARE A W) X] (configuration)
=, A5 Fijdo] AR thET,

gl o]’4¢] 7] Z(chiral) ©AUAE 7HE w AT
Felol Aol VEdaE JtEREEARYEH 7P de e v gLt
- chiral A} @ WA SAadx}
- 4o OldHl == ¢ 2" (= BrAdxe]
# GO ~ A ol AAA(HEAE)S ol F= —‘:r SIES A BE
Aol Fdstt optical activity (F8&4)7F thET)
- 22Md (Dextrorotatory), Xt2IXd (Levorotatory)

@ Enantiomers [(HE2a&0ld&H)
ex) Glyceraldehyde

Mirror
CHO CHO
CH (
A~ \?\/ (@‘ )H
.
CH,OH
CH,OH

Ball-and-stick models

« PEAM OlAXl(diastereomer) 7 27fo] ofd o] HA
ex) D-ribose, D-arabinose [p 144%&X)
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® Epimer : two sugarJt ©X| 2O HIHEEAFAO HEHII MZE TOE A.
ex) 2—epimer : (Mannose-Glucose), 4-epimer : (Glucose-Galactose)

! c||-|o ! CIHO ! CIHO
HO —=C—H H-=2C—OH H—C—OH
3 3 I 3 I
HO —C—H HO—C—H HO —C—H
ol al ol
H—CI—OH H—CI—OH HO —cI —H
H—(IZ—OH H—SCI—OH H—5<I: —OH
®CH,OH ®CH,OH °CH,0H
p-Mannose p-Glucose p-Galactose
(epimer at C-2) (epimer at C-4)
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2) 12l8¥(cyclic formI2E E=IHBHCL

- 57 oA B AAAE 7 B3RS cyclic structure A 8 SO
E A5

- Aldohexoset 27}#] & Ej(pyranose, furanose)”’t 7}-s sk %t pyranose”t
o+ &}t

- nE el ¥4 2dioloIEY AIEIIDF 238
hemiacetalll hemiketalOlels SZHIE 34

It ghgsto] we)w e
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H-=¢—OH
Ho—=Cc—H D-Glucose
4 I
H-=c—oH
H—5(|Z—OH
®CH,OH
6CH,OH
|
H CI O
N c<
OH H S
Al 1/ Yo
3C 2c
| |
H OH
SCH,OH 6CH,OH
5c| Sé o}
H H
4 \ A 1/} .
4 oH “C OH H IS
AN |/ AN 1/ u
R 3 2]
H OH H OH

a-p-Glucopyranose B-p-Glucopyranose

9. D-glucose®] F 7}A A= FH)

(D Haworth perspective formulas (£ & FA]4])

- wgRe 1YY FEE Uel] slske] AgE
¢CH,OH ¢CH,OH
5 () 5 (@) OH
4 OH 1 4 OH 1
HO OH HO
3 2 3 2
OH OH
(@) a-D-2FAA(ZEEH) (b) B-D-2RIA(EEH)
CHO CHO cHo
H—C—OH HO—C—H H-—é—-OH
CH,OH CH,OH CH,OH

p-Glyceraldehyde

Fischer projection formulas

® Ol (Anomer)

L-Glyceraldehyde

SA e g M A Nz ThE

p-Glyceraldehyde
Perspective formulas

L-Glyceraldehyde

- S|uolA e (S AE) A
OlcMeztz 3k, olwe] SujolAled ¥4 Z anomeric carbone]=}x
- OHI1Dt MZ DA A0 AT (a- form, B -form)



@ Conformation formulas of pyranose ring (IleteA 1219 LUKMEE TA!)
- polysaccarides?| #EsH £ X J|SE EZF0ol=0 FL0ICL

OH
OH H

o-D-2FAT|EHe2A B-D-2FAL|E A

3) Organisms contain a variety of hexose derivatives
(REAE U4t S89 F=AE =83t Idoh)
@D Deoxy sugar (B|2A] &)
- D-Ribose : @] B &|2ke] FAA R
- D-2-deoxyribose : DNA®] &A|, AAHAA Fas Az 744
@ FFAAA ©rstEe] tiated Fash 93
- D—Xylulose, D-Erythose, D-Ribulose, D-Sedoheptulose (C7)
@ Cell walle] *+4A % (Deoxy sugar)

- L-Rhamnose (6-deoxy-L-mannose), L-Fucose (6-deoxy-L-galactose)

i

Deoxy sugars
o, o,
H CH3 H HO CH3 OH
H OH H H
HO OH H H
OH H OH OH
B-L-Fucose a-L-Rhamnose

@ Amino sugar : 17§ o]Are] OH7]7} acetylated amino group®l 2JdfA gk 7
- Glucosamine : +%, {25, chitine] +4A4 &

H 1
- Galactosamine : ¥ %9 connective tissue T34 &

 Amino _sugar® |STHl
i) N-acetylmuramic acid (NAM) : A ¥ FHMHE (bacteria)
- consist of N-acetyl-D—-glucosamine ¥} 3, D-latic acid and ether linkage

ii) N-acetylneuramic acid (sialic acids) : glycoprotein, glycolipid®] T4 &
- N-acetyl mannosamine ¥ pyruvic acid ¢ =4

® Thiosugar : ©9F9 carbonyl7] ¢ AtA&7F 3to 2 X3t A
— Thioglucose : F vl&=2] wjeu A& w4 sinigrine AMME

® Sugarphosphate : neutral pHoll A ¢+, negative charge

¥ CellW o) A 9] sugar phosphorylation(3 214t3})¢e] &3}
- cell ¥} & 2 sugar diffusion (3 £4H)<& JA 3o}




Glucose family

Amino sugars
CHZ0H CH,0H CH20H CH,0H CH,0H
O, sl 0, ] o o
H H N OH LA OH Ho /4 OH N v oH
OH H OH H OH H
HO H HO H  HO H AN peNDE
H OH H  NHy H NH H  NHy 0 H
C=0 B-p-Galactosamine B-o-Mannosamine
|
CH3
pB-p-Glucose p-p-Glucosamine N-Acetyl-3-p-glucosamine
Deoxy sugars
CH;—0—PO3~ CH,0H CH,0H H H
0, 0, CH3 o, 0,
A OH H A oH 4 OH R c| ) Ho H o Ho Al OH
OH H R H R H - I H  OH, H H
HO H HO H  HO H oo~ HO OH H H
H OH H  NHy H r]:H OH H OH OH
c=0
B-p-Glucose |
6-phosphate I CHs
Muramic acid N-Acetylmuramic acid [-L-Fucose a-L-Rhamnose
Acidic sugars
- CH.
0, (o] 3 e
7 | o, °
N CH,0H CH,0H o=¢c H Nt R&
) oH - 0 | 0, |
H /4 OH  H /Y o H /' HN /& H—C—OH
OH H OH H N\ OH H g H H |
HO H  HoO 0o HO H OH H—C—OH
|
H OH H OH H OH OH H CHOH
B-p-Glucuronate p-Gluconate  p-Glucono-5-lactone N-Acetylneuraminic acid
(a sialic acid)

Fig. Some hexose derivatives important in biology

4) 9359 EA (properties of monosaccharides)
@ Mutarotation (HME) : GIF7Fo] a9} > FE&AolA st
ex) [a- form Y%, B- form 2%, linear form]
@ &Ko} 2 dk3(0xidation and reduction reaction)
O #F3}uk-$-(Oxidation of sugar)
* aldehyde group oxidation (aldonic acid, &¢%=4Y4}H)

ol
ol
rr
oX.
i)

Glucose ——— » gluconic acid
(NaOBr @ °FgHits}A))
+ 1st alcohol group &2t (uronic acid, SEH4&H
Glucose ——» glucuronic acid : HSZE
(&HRLHI)
# aldehyde group} 1st alcohol group 2t3} (aldaric acid)
Glucose ———» glucaric acid
(HNO3 : Z4tskA)
= Gluconic acid, Glucuronic acid — lactone (B (IAHIZ)IES ¥4
(Fol 2t3})

- \lit C : lactone R=H
O 3FYuS-(Reduction of sugar)
PR Al 4TS vteed ARE
+ Glucose — sorbitol (aldehyde group &)
(NaBH,)
* Mannose — mannitol (sugarless gum, candies)
* Myo-inositol : A& 2] F+44 &

* Xylitol : sweetener



@ Isomerization (0|d&2 Hy) : (ZZHLE, enediolate anion)
- hydrogen®¥ A& WjH-o]-5 o= 0101‘%13% AnH oz olF AT e 91A7F Mgt
* Aldose-ketose interconversion : base catalyzed reaction

« Epimerization : glucose’t Ol

MZA A °10HM mannoseE

a-3|EEAHE

\(l)HZOH
-
HO—C—H
W osiERNEsE H—C—OH
! H—C—OH
b= H—C—OH
| I CH,OH
H—C—OH C—OH
| [ D-ZEESA
HO C‘)—H <———— HO—C—H  aslcEAgslc
- H
H—C—OH H—C—OH |
J G=0
H—C—OH H—C—OH
\

dgh= A

[2] 1%

|
HO—C—H

CH,0H |
HO—C—H

ol 57 83 \
H—(‘)*OH
Hf(‘)fOH

CH,0H
D-gHr2A

23 D-glucose®] D-mannose®t D-fructose] o] A &3}

@ Z213AI0IE(Glycoside o] &AM
- @352 22 O0IoIMIE.0l LTS(-0HI Nt Br2s v FAH= 2
9FE 94t o 2 g5sEel @ He) /2w
_‘|

- 0-glycoside &&=
= abo]l EobA opAlEro] 7] wio] &Zte] el wlwA <kA

® Ester bond®] ¥4 : OHI|= &t} BH2010] esterd M
- Glucose + ATP — Glucose-6-phosphate + ADP
©® Reducing sugar(8t#2) : Fehling reaction(SA S H4alg)
- Cu”, Fe''oleg YA Z 5 e 3e d9golz o
- SHAY SFY G A oy a5 AJsH 3
- 44 Glucose oxidase 848 0|23 WHS I96I01 S=8z
- D-glucose + H20

BAS

N\
o

AE Y
s

A

+ O ——— p» D-glucose-6-lactone
Glucose oxidase
¥ (Disaccharides)
- Y Jhe] ©3771 0-glycosidic B8l o3 TRHATF R o] Fo1= 9l
- & 2o OH7|9 v& ©@3tE 9] anomeric §4 Afolol A FA
1) Maltose : a(1—4)Gle, 2) Cellobiose : B(1—4)Glc 3) Isomaltose : a(1—4)Glc
4) Lactose : Gal(Bl—4) Glc, 20 &Z Alactase, 5 -galactosidase)
9] Sucrose [HIZ&AHY) : Glu(al—2)fru, #3] & 4 (invertase),
- photosynthesis®] F2AHE A% F% #
6) Trehalose (HIRAS] : Glc (al—al) Glc,
- EEgEas 259 #3999 hemolymph® &
7] Raffinose : [Gal (a 1—6) GIc (a1—2) Frul
- FAlte] 2SS X8t gk el FAS A A 8

Aol AuAAGELdR 28

}

ol
rir
N
olf

KeX
=

74
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[3] Polysaccharides(t}% 5 )
1) A&} 3F(storage polysaccharide)

(1> Starch (plant)
- Amylose : Glc(al—4), L9 ¥-& F& A7
- Amylopectin : Glc (al—4, al—6), &2 =9} HF-&-3}o] 254 -

highly branch (24-30 residues)

o 2za

- a-amylase : starch= randomly &3

- Rf-amylase : starchE nonreducing sugar®l*] maltoset$] = 3

- Amyloglucosidase (debranching enzyme) :a,1—6 linkage+-3al
- glucoamylase : starche H| 3ol A glucose T = 3
@ Glycogen (Animal) : Glc (al—4), Glc (al—6) linkage
- branches occur every 8~12 residues
- liver, skeletal muscle o =], 20H&4A(phosphorylase)
@ Inulin : Fru (82—1)
- water soluble fructose polymer, =72}l <= %)
@ Dextrin : Glucose &3 A, starch =719 1/34 %=

starch > dextrin > maltose > glucose

2) TEZUIHF
@D Cellulose : Glc (B1—4), plant cell wall
- water insoluble, At 7}4=3-3fo] 733t
- FAAGOR wuxd FIAET X
- w3la4 ¢ cellulase
@ Hemicellulose : D—xylose®] B(1—4) glycosidic bond

polymer of hexose or pentose

@ Pectin : water soluble linear polymer (B1—4) of galacturonic acid

@ Lignin : phenylalanine A =% & A

(® Agar, agarose : & X5

HO

Agarose
3)p-Gal(31—4)3,6-anhydro-L-Gal2S(« 1 repeats

® Chitin : 47 24, 259 993 49 FoTFAHHE

- linear polysaccharides composed of N-acetyl-glucosamine residues (31—4)

- OgR FolA T owAlw R

- B3l &4 : chitinase



3) Mucopolysaccharides (Glycosaminoglycan, GAG)
- heteropolyaccharides, &4, dgA 7%
- 23579 9% 1 s carboxyl group or sulfonic acidE 7] =
- & 3719 o] opH| i A oftt

(D Hyaluronic acid (hyaluronate)

ol
ofy
ot
__>Il_'4,

=

— Glucuronic acid ¢} N-acetyl-glucosamine®] (31—3) glycosidic bond®] < 3+4.
— central component of the intracellular matrix of cartilage(3 &) and tendons(¥d=)
@ Chondroitin sulfate : d&9 T3 FAHAHAE
- Glucuronic acid and N-acetyl-galactosamine
@ Keratin sulfate :Z2ZH =87+ A&, 29 AF Fo &4

@ Heparin : 3-8 34|, B REA| A W

TABLE 7-2 Structures and Roles of Some Polysaccharides
Size (number of

monosaccharide
Polymer Type* Repeating unit! units) Roles/significance
Starch Energy storage: in plants
Amylose Homo- (a1—4)Glc, linear 50-5,000
Amylopectin Homo- (a1—4)Glc, with Up to 108
(e1—6)Glc
branches every
24-30 residues
Glycogen Homo- (a1—4)Glc, with Up to 50,000 Energy storage: in bacteria and animal cells
(a1—6)Glc
branches every
8-12 residues
Cellulose Homo- (B1—4)Glc Up to 15,000 Structural: in plants, gives rigidity and
strength to cell walls
Chitin Homo- (B1—4)GIcNAc Very large Structural: in insects, spiders, crustaceans,
gives rigidity and strength to exoskeletons
Dextran Homo- (a1—6)Glc, with Wide range Structural: in bacteria, extracellular adhesive
(a1—3) branches
Peptidoglycan Hetero-; 4)Mur2Ac(B1—4) Very large Structural: in bacteria, gives rigidity and
peptides GIcNAc(B1 strength to cell envelope
attached
Agarose Hetero- 3)p-Gal(31—4)3,6- 1,000 Structural: in algae, cell wall material
anhydro-L-Gal(a 1
Hyaluronate (a Hetero-; 4)GIcA(B1—3) Up to 100,000 Structural: in vertebrates, extracellular matrix
glycosamino- acidic GlcNAc(B1 of skin and connective tissue; viscosity
glycan) and lubrication in joints

*Each polymer is classified as a homopolysaccharide (homo-) or heteropolysaccharide (hetero-).

fThe abbreviated names for the peptidoglycan, agarose, and hyaluronate repeating units indicate that the polymer contains
repeats of this disaccharide unit. For example, in peptidoglycan, the GIcNAc of one disaccharide unit is (31—4)-linked to the first residue of the next disaccharide
unit.

4) Cell wall polysaccharides
@ Peptidoglycan (R, murein) : Al A9 (Bacterial cell wall)7 2%
— heteropolymer (81—4) : N-acetyl-glucosamine and N-acetylmuranic acid units
- cross linked by short peptide
- e Ea - 2t0lAXIA(lysozymelol oA sl e
- Penicillin(ZA ) : M2 peptidoglycan &4 = 3 Al



[Peptidoglycan Structure]

N-Acetylglucosamine
(GlcNAc)

N-Acetylmuramic
acid (Mur2Ac)

(31—4)

Site of
cleavage by
lysozyme

Reducing
end

Pentaglycine
cross-link

[4] Glycoprotein and Glycolipid : Glycocojugates(3 HEA|)
=5 AEAE : {oligosaccharides} + [@¢MA] = THAF
{polysaccharides } + [#] #]
- & eukaryotic cellol 4] 1], biological advantage %3] o] 3|
- ¥ stE o W44 LS protein or lipide] 54 ¥ $IEE
protein®] 3z} FXE W3A 71t

- o F ALEe] © Fo uwd RHRLAFAORYEH AL nIHT

1) Oligosaccharides of glycoproteins have biological functions
* plasma membrane?] ©jF-#2o] @A L2 glycoprotein®] th.
* many soluble glycoprotein : carrier proteins, immunoglobulin .= %}-&
* many soluble glycoprotein® oligosaccharide®] #olA 27 % += sialic
acid (NeuNAc) residues™= messageE 2Yteic}.
w H g Ae AE BA, A EZ-vpol 2ok AlE IF FF AR o]
@D Ceruloplasmin(Glycoprotein)
- a copper—transporting glycoprotein in blood of human and other vertebrates.
- 8JH2l Cu binding siteg &R0l A2M Cu homeostasisol] ¥ ey,
- ferroxidase activity (Fe*” — Fe’)E 7}A3 9lo] A o]2o] transferrin? 2%t
g T UAEE BoFr, HES o8 4o &vkE e FHE Ao
« E&H © Cust Z%3h= ceruloplasmin®] 2oz F5o 2 wjAdE A K=
Cub datA o g o] A Eo] sjgdxze 43S Fdstes dstoltt
@ Plasmamembrane of hepatocytes — binding site for glycoprotein
— known as a sialoglycoprotein receptors.
* Protein glycosylation : ER®] lumen¥ golgi S A A LA}

2) Glycolipid and lipopolysaccharides are membrane components.
- component of the outer membrane of gram negative bacteria

3) Lipopolysaccharide of some bacteria is toxic to human
ex) Staphylococcus aureus : toxic shock syndrome.

,10,



(b) N-linked

GalNAc Ser GlIcNACc Asn

Fig. Oligosaccharide linkages in glycoprotein

® Carbohydrates as informational molecules : The sugar code (3 ¢3)
- Glycobiology< B &5 A S 7% 7|5 g AT &ofF
- A E7}t E°V5‘] IS AEQt dde] FA3L AXE F BEAE, 279 oY,
AX B A5HD & f3td F83 AEE F-33} 3t o &

<

=
T
o]

A A BAHE wuAdE F Fxe WsE
e AT viaed Ag
N, Azdg, 2R3, A2 §4Y ude Axote

O Lectin (H8) : &=

- g8y =&

- O3 AEY A
TH3 FoA 9

- Selectin (aE] : NEUSSIE HANM ME A4T210] 01A|

=l

S0 04

Virus “\_ Bacterium 7""—73"Lymphocyfe

Oligosaccharide

chain X
Plasma E
membrane P-selectin %\%
protein 2 &
L 4
Glycolipid
a0

ectmTEEs._ Mannose 6-phosphate
receptor/lectin

(f)

| Mannose == ==
P
.

6-phosphate

residue on G
newly synthesized
: protein LTS
Trans Golgi Lysosome
Fig. MIEZHOIA OIXI S20I UM 22D JIs
. QR NE 22 MHEX ZRTUHNUS ME0IH VL A $859
g HIZ¢gtLl.
« SHllglycome) : MIE = WEO0 CJoHM MAEI= Jut 22|20 S 2o
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