Carbohydrates
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By the number of sugars that constitute the molecule
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Most carbohydrates are found naturally in bound form rather than
as simple sugars.
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By the functional group
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What is a chiral carbon?
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Hemiacetal and hemiketal: ether and alcohol on same carbon
Acetal and ketal: two ethers on same carbon
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What is the difference between hemiacetal and hemiketal and
the difference between acetal and ketal?
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Left-up

, right-down
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a. Weak oxidizing agent

H-C-OH 1o H-C-OH
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H-(IJ-OH ; H-<|3-OH
H-(II-OH H-CI‘-OH

-uronic acids

Do not memorize the
structure but study it.

coo

0
OH

H OH
OH

a-D-glucuronate
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from oxidation of glucose C6 OH
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Oxidation of ketoses to carboxylic acids does not occur, but they
can be oxidized indirectly. by el ® bod e proces
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What does it form?
Examples include sorbitol, mannitol, and xylitol, which are used
to sweeten food products
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One or more hydroxyl groups
are replaced by hydrogens.

An example is 2-deoxyribose,

which is a constituent of DNA.

Second wey G veduchion ' preduce reduced Swepws”
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L-fucosygalactose) P

found in the carbohydrate portions of some glycoproteins
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CHj CHs CHj 3 A\ Fucose [] N-Acetylgalactosamine
6-deoxy-a-D-galactofuranose 6-deoxy-B-D-galactofuranose L-fucose [l N-Acetylgiucosamine (7) Galactose
(6-deoxy-L-galactose)
D-fucose (6-deoxyv-D-galactose) v
—_—_— > W od(G'C’C .
Do not memorize the
%a; ar

Do not memorize the components except
structure but study it. for fucose.




o a a - . 7 ’b"/ bt

What is the reacting functional group? Where does it react? What
are the end products? Where are they used?
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What is the reacting functional group? Where does it react? What
are the end products? Where are they used?

anomeric . ¢ the WCSML\'\\
glycosidic .
O- Cj[l‘ﬁcostc)e

OH carbon OH bond

+ H0

otk ) HOCH,
] cwn‘al o)
CH,O0H Acetal
: OH 3
(9] RO-C-OR
HO =
HO ) OH
CH,OH Hemiacetal > glycosidic link
HO 0 RO-C-OH Q
0o HO HOCH, s

J
HO HO

OH

CH,0H
OH
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What is the reacting functional group? Where
does it react? What are the end products?
Where are they used?

Examples: nucleotides (DNA and RNA)

'\V‘-S({—eqc; ”f @H) NH;)
(awomavic Cayboon)
HOCH,
I |
HO |
HO Il’ 0 N
CH,OH oo
OH 2 HO _: wh/ogemc

Anomeric carbon s

N-glycoside HO




Glycosides derived from furanoses are called furanosides, and
those derived from pyranoses are called pyranosides,
regardless if they are N- or O-linkded.

Pyrane side — thvninj

CH,OH
py i feron \H
O HOCH, 2
OH HO
n CHa CH,OH
OH OH

Fevanoside — waVlil/lﬁ

C-glycoside N-glycoside




¢ ors !,_’,_\

What is the reacting functional group? Where does it react? What
are the end products? Where are they used?

Further modification by acetylation _ Hhe Vleod qroups s amine 2
éo e slile Lo ideudify &
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(GICNAG) , o~ N-achy Qloccse cvin
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Disaccharides N

What are disaccharide? Oligosaccharides? Hetero-vs. homo-?
What is the type of reaction? 1t all > e first sugur veade. witia i apomaric Gulbon
What is a residue? o3k ComuneRadiRles

Synthesizing enzymes are glycosyltransfer----

0-GLYCOSIDIC BOND FORMATION

Do they undergo mutarotation? P . aiay
o 1 _O_ CH,OH
Are products stable? (of W O+ .
hs 1irs H (H  HO;
Ol—fkit’?:l’l-t/ |'1’MI’\0S%C(/WL‘;(JCS E\Ol/\aaf) ?‘?Ml deside <——HO4 i e |:| oN2 4
@ Ot - 2 2 !
i Cit’s ko P ; e :
to form dicacchagides, | cfewdmjﬁon - ot J
what ve e W % bm/laa) D&;tt(l;:lldc
. CH,OH

v HKHS , 1H CH,OH
Lok type a)c e Magc / Hie ov\JawMS oC s P look's LiKe E g 0\ HoHO
b H




The 2 specific sugar monomers involved and their
stereoconfigurations (D- or L-)

The carbons involved in the linkage (C-1, C-2, C-4, or C-6)

The order of the two monomer units, if different (example:
galactose followed by glucose)

The anomeric configuration of the OH group on carbon 1 of each
residue (a or 3)




H
J ] F H O H O_ H
Configuration Cuocuse H@o Y1/ om
Designation pesf CHmon

Naming (common vs. o }c.ucom.n@poffﬁ:::oim
systematic) . CH,0H
Reducing vs. non-reducing HW
NGOy OH H /5y
H OH H OH

Lactose
(B-p-Galactopyranosyl-(T—4@)- a-p-glucopyranose

H H
(a-o—Glucopyrano :-o-glucopynnose




Name Formula

sucrose CizH22011
—_g

Formed from

glucose + fructose

CHOH A
HHL O oH
/v{; Q Q) .;k \1
\ H F + ® HI\H H / CHOH
HO oH -
o

CH

MOMANC + oUpmavic

Structure

---> sucrose + Hz0

i |27 o X omnomanc
CHOH omomaniC

—Q 4 HHL O
] Hoo N\ g // \L
HC H{LOH

“PH H 5~ U/@S\r_[”
H J)H OH
I

AW T comman feblle Sugar

lactose CizH22011

glucose + galactose

---> lactose + Hz0
ﬁ 1,4 Liwka?e

H CH C Hj’JH
H/"U_l‘ \ ?“%o
Hj)\*H /{ H IH

CHOH CJPPON\'

“ Conecd cH/\
mill Sugay

maltose Cy2H22011

(‘Hj_lH 1, L‘ (‘H..; H
H Q HO O
Ve T + \{< k \
\ 2] H /
HO H oH H H oH
OH OH
@wl«c#osoﬂ'vsf then G][(wosc
glucose + glucose
a——
(‘H;;_'IH (‘Hj H
W, 0%) N H/,F_Q\r[
\1“ :I @\Cﬂ
HO “(OH 4'{ OoH
OH Hy Jd/uj{f(mﬂ'um oH

---> maltose + Hz0

x1,4 Mtk c
:Hpu

e

H

l\ z[ /1 ~o N\ {’.[

HO © - OH
H oH H oH

\»&\:&)‘f\wﬁ mold Sumaw




CH,OH CH,OH

o(1—> 4) Glycosidic bond

Culnckose N —2 ? G[aa)se

Lactose (3 form)
[3-p-galactopyranosyl-(1—4)-3-p-glucopyranose
Gal( f1—4)Glc

CH,OH

CH,
o) o) o *~/ o)
0
OH 0"\ OH o) OH
HO OH HO HO OH
OH OH OH

H
OH

o(1—> 6) Glycosidic bond

C,
CH,OH CH,OH OH

O (8}
OoH
> HO
OH OH O
HO HO

OH CH,OH

B.p(1—= 1) Glycosidic bonds

OH

.A disaccharide of B-D-glucose
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Sucvose Qa(/%
ikermediate @
Swechness

This is extra

EOLO%OSC —> highest i Swectness

Suurnse
Gilucese




-

@bo&)i V?J»Lj on nwilk b gek

Lactulose

¥, (U VAN 4 0¥

/{,,

g in. U (OOJ‘J S autresions | So Hacy have enzyme Yok
. ] _ _ab(e to Jfges% e Lactose fw@ "2 ed Lochnze, tok %h_% oy a&os'cw
It is formed by the isomerization of lactose. nereosingy bl it veada L mowkn Wigh
It has health benefits: = ;LZZ dytd Do notmemorize the
\ awe tese .
It is used in treating constipation. wiek’s mads ension ko e edy b S0 -0TE DHEAHEY I
asgondy & sinee tle lackose en: B-T yeowe i [eeps decrensine
i )

me
It promotes the growth of health-prorﬁnptir(\pg gut baclgerieclf. Gill i veoeln aduféf@ g
. MR on't be a \ 1 : 9
It modulates the immune system. “Zb;%gm B ek 40 MRy ety

wil g ta tne tnbestens € uil diskenty the

(ackose

labaze l‘x CHOH  opctic pressure. s wil resulk in Ly HO
UJNO(/L/é G(A/.L(/Vyl)e/ “\‘ O OH WMCV‘ Wov‘w\g ‘)'o “f(/lt; \V\\'C/’;&_\\f\$§ Sele O OH
fooe ‘ OH - Mo e ronathd ey A HO
{/LM (’M' ag 2 CH,OH Isomerization H OH
-
p - OH o] > HO Oo0 | H
o, of lckose "1 gl {. [Ebuphanc O T, bt ot N
mall¢ ® o é( Yo o “n fuenbesting® _vw{r Gdly ! ViV\Qae
A B o il il apk nerked G el
1L of wakerts 1 5 Side prodck H  OH
LU}‘)’ g H/\(,laed OH Coz (5> ¥ CHy ()
L 7 J Lactose somers of  4— Lactulose
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AlIU ¢ e | Q&““'\

i
fre OH e fo CL S' en |
C H 20 H WM‘% B!aloﬁe s-gga
CH CHZOH MADE FROM SUGAR SO |
O O CH@ IT TASTES LIKE SUGAR
O
OH HO OH
HO
5 \—/cnr) S\ Vo
OH OH OH
OH o Ny
sucrose sucralose |0Y\Sueetines fron e 0.
%me st\k(/\csizeA%mmbax_ :wv\g
. Fif we wﬁ ik fraz« Mi\t :
ews > WebMD Health News We/waulo’ ’DL odv\s
% Sucralose Damages DNA, Linked to Leaky Gut: R e
I Study
e Lisa O'Mary Y
% weor2023 Sucralose, a Common Artificial WebMD

Sweetener, May Increase Cancer Risk
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Milk problems =~ . e

« 5 Jusk a dlgeskion prddlem thal s caused by He veduced amount - Ve

t aenehi Just a g pro s Caulsed by reduced omounk £ (ackaise enzyme G \ M

Cnd < cg{w@s whein W*h'wzﬁ puboerty r ‘lt dosen '+ cousider as a disease it's the vovmal mmgm} peaple have alber (le gok Fyo :t’;; L) P
Lactose Intolerance: A deficiency of the enzyme lactase &8

in the intestinal villi allows lactase of intestinal %% v
bacteria to digest it producing hydrogen gas, carbon
dioxide, and organic acids and leading to digestive &« ! . ci

it well be aprololenn

= O '(( we abgoctly i or the sim ll’(i aﬂ(’m’\ '56 afacéosc Gnckion s-
prOblemS (bloatlng and dlarrhea)' monoSacchawide 7 digest it 5 fine VAM“‘"W‘EZACGS 5“%‘?”3 °€a(f5°°(PWl7:m[(iPiJs)el—c~

Galactosemia: Missing a galactose-metabolizing /Wl ste cmgy 704 s

Beeasse f the eveyme deficiency problem Hhal the don't

‘ enzyme can result in galactosemia where vl b . piled up plockse ack et brusparter

G(a/\ 0{7\‘(. Which we. Cant use'd @ thwillbe reduck bo Swfoce

P (NONMetabolized galactosel accumulates within cells "

3 o Ove of i pva[olamg_
and is converted to the hydroxy-suga gl ek
which cannot escape cells. Water is drawn into cells, "t o s et

~ i , because they Com't be cﬂ&%‘?&
and the swelling causes cell damage, particula il

r
the brain, resulting in severe anc irrey?rﬁjglewve
" ue to cell el we
retardation. It also causes @ b

‘ s ircvemable
_ WE CANNOT >
X7
N ‘/ Cells ¥ Yhey e not truspermat so tiey

—~ |
apper in tine ‘optical d(ﬁt.ca/#

ells
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3-10 ® Plal/bb Wll'bkes ow \/_(j
What are oligosaccharides?
Example: raffinoseDso oty ex of, green plouks

It is found in beans and vegetables like cabbage,
brussels, sprouts, broccoli, and asparagus.

= i tare's a bk f
$TL %P

g don "' md/\!&

£P1L8P) 101 Y21BRS / ISV [eulbuO ©
WO }201SUcouR) Woly ajqeeay siybiy

inblamakions 1 the tbestence
it miﬂhl- leads to Colon Cancer “You want that double-order of
our world-famous baked beans for
here... or, we sincerely hope... to go?"

Cabbage Brussels Kohlrabi Kale Broccoli Cauliflower
sprouts Homework
Rodlivose Hrisucchavide ‘%‘;’ﬂfﬂvc isuechaide _
Humans lack the alpha-galactosidase Yh e seme ijem of ebose e 1. RECOQNIZE the
enzyme that is needed to break down G/, s\ | i one e o't Latmepiie. MONoOsaccharides that make

Y

2 with {t we can d('ab*
ib

raffinose, but intestinal bacteria can up raffinose.

ferment it into hydrogen, methane, &mwmn
and other gases. Al 1o 220“‘* 2. What is the monosaccharide
wa A w A that is attached to what
o556 G Brackise disaccharide?
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@ Sone wedicabions, have a Sugew” uk?
stvucture

NH,*

(Streptomycin)and (eryth romycin)

. n . “2""( 0O OH o OH

(antibiotics) Wi O Yoo
(Doxorubicin)(cancer s wd 8 o g

chemotherapy) Lo
(Digoxin)(cardiovascular - spomyi S S—

disease) FWA Kanow 0 on, [ %o

\'(At ey \/lffb' tHre % HC o he HaC
Aruckure PG oMo, o

Do not memorize or
study the structures.
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Hhaf've veuy complacsked
What are polysaccharides?

Homopolysaccharide (homoglycan) vs. heteropolysaccharides
Same, lrypc di#eva/J: lfype °f.

moomaw’s
Features of polysaccharides: wutsi wi

nou  He \(mkuac i between

® Monosaccharides is thore. ey branches,
waLt’lsfthwPoSc,CfC ::Peljsua\:jl;‘m'éc—
® Length

@ Branching : e o
- of 1 Cowti'ba_ we can V‘c.i like
® Purpose: "l Shduem t Gl detes )
form
( Storage (glycogen; starch, dextran) _vechaic

Structural (cellulose, pectin, chitin)

ol Cocki exoskelclon creatuves
tegbc i Cazums s
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DCE _
. g .. »,:"‘._ S A :,UC(JIS Can
' 2 R TR SR Stove glycogon |
0 [“’ks [EK& 5’(’&4/0[4 (7N 5Mdm So'“ir,y Caﬂ&‘ ‘k b 7 ’ i \.é e fine l:-l/;:g(’jshw.jc
) ’ (e il
Avimal Sty . T
) ey ; .-4"_.‘ 1 : v don 't (st (,,WJ
l/tomopol%chd/lM(cje/ ! B33 % “ less twn 240"
Shoroce 'C’\Nw <’-‘>€ Gl[\AwSc o
when we eab o (o ok o Memorize
of - s g wrwseG I c O e n lorunches occuve almask ok cveny 0
the louer of Sugaw rcsullmj ik brosiches for 12 l/uﬁevr
w e “P Whﬂ/{' S (l’ Poqwu_s? |V1(,V'@015@ t[/\..b arec 60 MAVC ‘@.S[’
&7‘”1 dotfon
i
. j O 8"3”35‘4 apperse eadn oF
\O o ! : Heen will bind Lo entyme
QWCK Sources °¢
Glugose.

HOCH, HOCH,

o .




o
Con be Bund in
de&'o,CaVVL | Vice
, . , CH,OH CH,OH
Which organisms o 0
HOH
FOrms: iducof NN
—® amylose (1 0-20%) Mminov” __Maltose (glucoslucose)
I i - o 3 ; MWC
e amylopectin (80-90%) ya o iy
J 'H’Wj \re connected by
wade {WV"‘ X1, 4 timkages
Crlucose

every 25 will shuk b brouda

A-Wl" 'opec{'fm:

less c;:mplem(vec! tHown g%cﬂaevx

{‘(M— Povpose dc lo(fow\d/\ od)so
il % Mu!y\\
increase $¢Moil(l—y

&wﬂ

lineaw~ helix ane 1o branches

CH,OH CH,OH CH,OH CH,OH
(o] 0 0 0
OH OH OH OH
0 0 0 0
OH H OH OH

Amylose Structure
l(Ke 8[30023“

CH,0H CH,0H

Amylopection Structure

Memorize
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Both are made from the same monomer and both are branched.
Glycogen exists in animals and amylopectin in plants.

Glycogen is more highly branched.
Branch points occur about every 10 residues in glycogen and about
every 25 residues in amylopectin.
Why is branching important?
It makes it more water-soluble and does not crystallize.

: less Complecoked Compllecobed
Easy access to glucose residues. funglopecine Gl
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[A/L?ij [ﬂwms : ‘QO(M/UJ fVltCO{'(/E
A storage polysaccharide ' | ook et kel
Yeast and bacteria K1,
. l\\/\\<oxsae
él‘!‘j%—g-glucose with branched g o e, fsst

Branches: 1-2, 1-3, or 1-4

wighl brawched
lome Pﬂﬁgmcd/w/icle made of
%chosef

Do not memorize or
study the structures.




Cellulose 1

(a) Celuboss fibers

S W P[ot |

Memorize .
oerKcs cdluloseﬁ%eﬂ‘s Q_/
CH,0OH
(b) Macrdl e : o 0O R
A B(1—4) glycosidic linkage
OH
D o ¢
' between glucose
A0 i
® they don f'ga& dcy eSf&J . b OH Uowopolysocdrvide
ol sﬂ“ W C //
te cellulose will Sﬁouj o5 pY 4 S>3?,Q’)\f

because we don F have the entg™c
cellpelise Vv[m,l)(e fhe «A\Aﬂg M’SS

.§ Me LesY h

3 ‘ theov™ cf/ i
,‘f l [N \oords

NS o -
\)%/ X \ 71‘333,\03 AV HO

Culvess

get budled {b{i’/ el o OH
o LR 4 ”CWL u . )w\’ c\,m Cellobiose (glucose-B-1,4-glucose)
o3l — Q@ il st
mokecudes Q'DQOQIQ-QO’_ /QFJEW)“" \ \
QAT Qe

we (o get & Gom pleunts




What manner of

What is the precursor? armor ii this?1? heh heh...
. . EXOSKELETON!
Where does it exist?
1 CH,OH Cmcjha‘f :::Za athS
MR % on muohs?vm(tgatr
OH MOL(JC ‘?"OVV(
Ho vnodf(lidewgw
HN —CCHj,
g

N-Acetyl-B-p-glucosamine

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

Do not memorize or
study the structures.

HN —CCH, HN —CCH,4 HN —CCH,q HN—CCH,4

O O O




€ e @

What is the precursor?
Where does it exist?

l/usPe\m Pe/!/\jgazc(/kouﬁ(ée USes ;\,\@ﬁ,é Pmé\@r&‘l\a
Salﬂtd'ovvmmfe COOH OH COOCH; OH P’m&g—?\t mode
Q /—90 o) O g Petiv
g OH OH OH OH K
O @) O o)
OH COOCHS3; OH COOH
Getlorcks eskev

Do not memorize or
study the structures.




A sample that contains only a few molecules of a large
polysaccharide, each molecule with a single reducing end,
might well produce a negative test because there are not

enough reducing ends to detect.
Sacwose. —> Con ’f e veduced)

We \oovxc\ M&peem a‘w:cfSc‘gCuoc\que
\oind Hre oromanic corbiong {‘cﬁhmﬁ/\w

theve S 110 moye omomanic couroon,

bree to e oxidized
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o J S bk 4

heberopalysacdride repended disacduide il 7, aiwdion.

5 o \ 0K deitov
What are they? Where are they located* prokeiy ullotion

Derivatives of an amino sugar, either glucosamine or
galactosamine

At least one of the sugars in the repeating unit has a negatively
charged S P NN iy Bere K0

0,80 "> M .
Gl i a
. S 00~ H H " COO- HO Xt 11 qukc o JZ(‘ S“'VVC&UJI‘Q W
IP MAN (5 o H  NHCCH, - ' H  NHCCH,
H A P I H 0 H Q. 8 e i ECM
O

don 1) e 0 {on up
&[‘{.COSC éﬂl/é’lﬁ; ! ety - " N-Acetyl- B
ouse H  OH p-galactosamine- H OH " H OH N-Acetyl- em CU‘QA(WV\% e@c'k

. pgalactosamine-
p-Glucuronate 4-sulfate o

iJduronate aulfate p-Glucuronate p-glucosamine
CChondroitinat-sull’ntc G)crmalan ‘Hyaluronale CT — MOL&Q @WW\ ECM
CIH,0804™ = CH.OS0,4~
: OO~ C! Y Rt .
Y N e H —_ HATTON S Do not memorize or
COO™ 5 l\" \QH B e NQH MAz0- 4o L H StUdy the structures.
. o p NHCCH, H H  NHCCH,
h ' 0 (|l H H G H Il 2 \C)
H B ASulfo- H OH Q l/uALO(/‘ oc aed

MAcetyl- S ¥
’ n-Glucuronate- p-glucosamine- NAcetyloglucos-

2-sulfate G-sulfate p-Galactose amine-t-sulfate
Qiepurin Q\ Keratan sulfate

H ol n-galactosamine-
p-Glucuronate Gsulfate

(Chondroitin—ﬁ-sulfate




GAG Localization Comments

synovial fluid, vitreous humor the lubrisgntiluids
Y ; ’ shock absorbing

i C
Hyaluronate Es(’:sl\ﬁ:f loose connectlies’ \ﬂ \/ As many as 25,000
vetvear wemar g_{; disaccharide units

0

g >&00\1V /
S:oar](:r iti (/@(\ @, bone, heart valves most abundant GAG

contains higher

basement membranes, acetylated
Heparan sulfate :
c —— —~  —  components of cell surfaces glucosamine than
heparin

component of intracellular

e granules of mast cells A natural
Jeparin lining the arteries of theduné, anticoagulant

liver and skKi

(f)ermatan sulfah {F(lr)ﬁ@ vess\r§ r(art va%sx
\\/ .
’ (bone,(cartilage> Only one not having




ojl=Jo]0 2
\@X\Ogo%? (/C/O >
Lubricants o Qﬁ@*
Structural components in Chondroitin 28 k
connective tissue B
Mediate adhesion of cells to the Link profein ——————= 3¢’ |
extracellular matrix el 3 . X S
Bind factors that stimulate cell g ‘ol
proliferation

Link protein —————
Hyaluronic acid —

backbone -~
Core protein —‘—_. A




NAM

N-Acetylmuramic  N-Acetylglucosamine

acid

NAG

0=C
CH,

N-acetylglucosamine (NAG)

(\/_

Oligopeptide

Do not memorize or
study the structures.




To tetrapeptide
side chain

-
»

-

C
e AN
0 YW 0N
N \n‘\@qa\r\s
\4 D] N-Acetylglucosamine

residue —__

<~

Y

- NH — To tetrapeptide

%\DO&\S side chain

Amino acid Glycine residues of N-Acetylmuramic
residues of the pentapeptide acid residue

the tetrapeptide side chain

side chain
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The carbohydrates of ”M&
glycoproteins are linked to
the protein component
through either O-glycosidic or
N-glycosidic bonds
The N-glycosidic linkage is

through the amide group of
asparagine (Asn,

The O-glycosidic linkage is to the
hydroxyl gr f serine @, . .
threonine (Thr ig’ or ﬁ:;;:ie:nﬁlcNAc O-linked GalNAc
hydroxylysine (hLv T e
— = Dono orize or

study the structures.
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(2o ntion

Soluble proteins as well as membrane proteins L, Vab wk I of
Purpose: W

° Protein folding/

° Protein targeting.” . _

o prolonging protein half-life / — 8/?\ W p te avoP O)ﬂ‘w{”’)ﬂ“ﬂ

o Cell-cell communication ./

o Signaling




Three different structures:
A,B,and O

The difference:
N-acetylgalactosamine (for A)

Galactose (for B)
None (for O)

3 JIJI ULE
200 o
F(L;'c]'z\ Gal Fs'c]’z\ Gal st"z\ Gal
|13 |13 |8-13
GlcNAc GlcNAc GlcNAc
| B-1,3 | B-1,3 | B-13
Glal Glal G|al
O antigen A antigen B antigen
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— N~ oine Mlc‘ e by 07 (g0 WP
\j7 W W \LP(\_) MMPS(QC\TJK UJD&L O{/VWDMO %&9/&[/ W
N-acetylneuraminate
Precursor: the amino sugar, neuraminic acid
Location: a terminal residue of oligosaccharide chains of
glycoproteins and glycolipids. _
- . ~ ® Gic
0)(&0( ‘/ @ oo
2 > s
| . 0 o
HC —OH 8 SA(ocjﬁpi
R= HCI> —0H O-linked | N-linked & - /
(|3H2 OH . : ) : %, \  extracellular space
N-acetylneuraminate (s1aic acid)
Do not memorize or —

study the structures.

cytoplasm




