Biological Building Blocks

monomer ——— macromolecule
Amino acids —  Proteins
Nucleotides — Nucleic acids
Fatty acids —— Lipids

Monosaccharides Polysaccharides

A limited number of different monomeric building

blocks are used to build a wide variety of
different macromolecules

S. Ensign, Chem. 5700, Lectures 14 and 15

Carbohydrates (saccharides)
“carbon hydrate” (C-H,0)

« Basic units: monosaccharides
» Photosynthesis: nCO, + nH,O - (CH,O), + nO,
» Breakdown provides most metabolic energy

» Components of nucleic acids, glycoproteins,
glycolipids, some coenzymes

» Small polymers: oligosaccharides

» Long polymers: polysaccharides

— Energy storage, structural elements, other diverse roles
(recognition, communication, glycoproteins and lipids)

S. Ensign, Chem. 5700, Lectures 14 and 15

Monosaccharides: aldehyde or
ketone derivatives of straight-chain
polyhydroxyalcohols containing at
least 3 carbon atoms. Cannot be
hydrolyzed to form simpler
saccharides

S. Ensign, Chem. 5700, Lectures 14 and 15

The simplest monosaccharides

H 0 H
Chiral center \ / |
(IJ H—(l]—OH
H—Q(IJ—OH (1320
H—(|3—OH H—(|3—OH
H H

Glyceraldehyde, Dihydroxyacetone,
an aldotriose a ketotriose

(a)




Mirror

Ball-and-stick models

S. Ensign, Chem. 5700, Lectures 14 and 15

?HO (|JHO
H— (|3—OH HO—(})—H
CH,OH CH,OH
D-Glyceraldehyde L-Glyceraldehyde

Fischer projection formulas

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

Perspective formulas
S. Ensign, Chem. 5700, Lectures 14 and 15

How many stereoisomers exist for
the 6 C aldoses (aldohexoses)

0
I
C—H
i — 2n-2
H—*C—O0H # stereoisomers = 22,
* where n = # of carbons
HO—"C—H
H—*C—OH
H—*C—OH
CH,OH

S. Ensign, Chem. 5700, Lectures 14 and 15

How many stereoisomers exist for

the 6 C ketoses (ketohexoses)
CH,OH

C=—0

HoO—*C—H  # stereoisomers = 23,
where n = # of carbons

H—*C—OH
H—C—OH
CH,OH

S. Ensign, Chem. 5700, Lectures 14 and 15




Classification of stereoisomers: D-sugars have the
same absolute configuration at the chiral center
farthest from carbonyl group as D-glyceraldehyde

D sugars are the biologically important form

0
C|:|—H CH,OH
o t=o
O HO— | —H HO— | —H
. —¢on  n—ton
H—é*—OH H-—-—-—([*—-—-OH H--(L’JS-—OH l
""""" Loon  GmoH | Gon
D-glyceraldehyde D-glucose D-fructose 9

S. Ensign, Chem. 5700, Lectures 14 and 15

Numbering: from carbon atom
nearest the carbonyl carbon

i
1C|:—H
H—C—0H
c|3| HO—CX—H
1C|:—H H—4(|:*—OH
* 5
H—2C—OH H—C%—OH
3 6
CH,OH CH,OH
D-glyceraldehyde D-glucose

S. Ensign, Chem. 5700,

at end of chain

'cH,0H
2
c=0

HO—C*—H
4
H—C*—OH
5
H—C—OH
6
CH,OH

D-fructose
Lectures 14 and 15

10

Epimers: sugars that differ only by the configuration
about one C atom

CHO CHO CHO

CH,OH CH,OH CH,OH

D-glucose D-mannose D-altrose

D-glucose and D-mannose are epimers

D-mannose and D-altrose are epimers ,;
S. Ensign, Chem. 5700, Lectures 14 and 15

The C4 aldoses # sterecisomers = 2n2= 4

Four carbons

H\C /O H\C /0
H—C—OH HO—C—H
H—([]—OH H—C|—OH

(|3H20H (|3H20H
| D-Erythrose D-Threose

12




The C5 aldoses # stereoisomers = 252=8

Five carbons

H\C//O H\C//O H\C//O H\C//O
H—([Z—OH HO—(lj—H H—(|3—OH HO—C—H
H—([I—OH H—(|3—OH HO—(|3—H HO—(|J—H
H—(IT—OH H—(lj—OH H—(I)—OH H—(|3—OH

([)H20H (|3H20H (|3H20H (|3H20H
I n-Ribose ‘ [ D-Arabinose | | p-Xylose ‘ p-Lyxose

The C6 aldoses # stereoisomers = 262= 16

H

\C /0
H—(l‘_r_u-t
lI—ll‘—OH
H—(I‘—OH
]'I—(l‘—OH

CH,OH
pAllose

H 8]
~ C{/
H(J—{l‘—H
lI—{l'—OII
H—ll‘—(!H
]I—{l.‘—OII

CH,OH

n-Altrose

Six carbons
H 0 H 0 H 0 H 0 H 0
& N N N & o
\(l_:/ (l_:/ (l_:/ (l_!/ ?/
H—{l‘—GH HO— l'—H H—{l'—fJH H(l—tl'—H I-I—lE'—(.)H
Il()—{l‘—l i HO— l'—II H—{l‘—OI | H—tl‘—OI | I IO—{[‘—II
H—(l‘—(.JH H—tl‘—OH H()—{l'—H H()—{l‘—H H(J—l[‘—H
H—C—0OH H—C—OH H—C—OH H—C—OH H—C—0OH
CH,OH CH,OH CH,OH CH,OH CH,OH
[-Glucoss] | nhaiinise :Guldsa otk | ECalnstine
n-Aldoses

(a)

H .0
\{;/
Hn_["'—H

Hﬂ—tl‘—}l

Hn—l!"—H
H— [‘—OII
c[:H,r)H

p-Taloso

S. Ensign, Chem. 5700, Lectures 14 and 15 13 S. Ensign, Chem. 5700, Lectures 14 and 15 14
The C4 ketoses # stereoisomers = 243=2 The C5 ketoses # stereoisomers = 253=4
Four carbons Five carbons

(|]H20H (|JH20H

(|3H2OH o =0

(lj:O H—(lj—OH HO—?—H
H—(lj—OH H—?—OH H—(ll—OH
H,OH H,OH

p-Erythrulose D-Ribulose D-Xylulose

1, Chem. 5700, Lectures 14 and 15




The C6 ketoses # stereoisomers = 263=8

Six carbons

CH,OH CH,OH CH,OH CH,OH
(|3=0 (]:=0 (|3=0 C=0
H—(I:—OH HO—(J'_?—H H—(|‘—0H HO—(!:—H
H—(|‘.—OH H—C—OH HO—(|‘—H HO—C—H
H—LII—OH H—(ll —OH H—c"‘—OH H—Ll':—OH
(|JH20H (|3H20H (le.on (|JH20H

p-Tagatose

p-Psicose p-Fructose D-Sorbose

p-Ketoses
(b)

S. Ensign, Chem. 5700, Lectures 14 and 15 o

Organic chemistry review:

o OH HO—R’ (]JR'”'
4 2 2 e 2
Rl—C< + HO—R® — R‘—(IJ—OH —— R‘—(|:-0R + Ho0
B H HO—R’
Aldehyde  Alcohol Hemiacetal Acetal
OH HO—R’ (‘IJ_R“
1 3 1 3 \ 1 3
R—C=0 + HO—R —— R—C—OR = R—C—OR + H0
P 2 E 4 |
R R HO—R R
Ketone Alcohol Hemiketal Ketal

S. Ensign, Chem. 5700, Lectures 14 and 15
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Intramolecular

*}>C/H
cyclization of | p-D-glucopyranose
. H—C—OH
monosaccharides: |
HO—C—H
D-glucose (|:
|

s
@/H H— C Pyranose: a sugar
|C CH on  With a six member
H—(|3—OH ring
HO—C—H
*(|: a-D-glucopyranose
H—C—OH
H—Clt—OH |
CH,OH He iy
D-glucose H_(l;
|

S. Ensign, Chem.%g_ﬁctures 14 and 15

H—C—OH

19

Anomers: isomeric forms of
monosaccharides that differ in
the configuration about the
hemiacetal or hemiketal carbon

S. Ensign, Chem. 5700, Lectures 14 and 15
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I I 0 .
monosaccharides: D-fructose  _ang p-D- O e Glucose at equlibrium:
fructofuranose H—on
~66% [B-D-glucopyranose
CH,OH CH,OH H:E;(;}:[ B-D-g Py
Y * 1 ~34% a-D-glucopyranose
o=—C HO—C L
| o OH Very little linear or five
HO—C—H HO—C—H VI R .
> CETEEY member ring forms
| ) AN i/ Yo
H—C—OH H—ﬁ:—y ¢
OH ‘\:\:::"\..'-\-.
H—C—OH H—C R ‘.5.__’.:.-_-_-;.. Y "‘(l,‘HgoH
o 0 uor 0,
CH,OH CH,OH W N\ N4 o>
furanose: a sugar I\ PH H/ N mutarotation \FH L
_ : g\ 1/ JoH AN V4
D-fructose with a five E{ EH E{ EH
mem bel' I’Ing a-p-Glucopyranose B-p-Glucopyranose
S. Ensign, Chem. 5700, Lectures 14 and 15 21 S. Ensign, Chem. 5700, Lectures 14 and 15 22
fa)H
i C— eron Recall “chair” and “boat” conformations of six membered rings
H—C—0H 2
10— ?5‘13 o1 u H 0 H
HJ(I:foH = 1|C lc;u WYy = 1 gn H At
Hi%: o HO}(;:_E?/ HO jH OZH oH
CHR0H H OH
D-Glucose a-D-Glucopyranose
(linear form) (Haworth projection)
(b} |
CHyOH
2eg 1 HOHSC 'CH,0H
Ho—ac‘:—l—l HOHEI‘Z/(}I[ ClegOH o
HJ(::_OH - 55\1‘{ H('? (2.%0 - 5H i 0”(;1
H—j(‘? oH 7 LimE Two possible chair forms
"CH,0H OH H
D-Fructose w-D-Fructofuranose (a)
(linear form) (Haworth projection)
An aqueous solution of fructose at equilibrium: Where do you want your bulky groups (OH and
~67% pyranose! CH,OH): equatorial or axial?
~33% furanose!
So why do we always draw fructose as fructofuranose??
S. Ensign, Chem. 5700, Lectures 14 and 15 23 24

S. Ensign, Chem. 5700, Lectures 14 and 15




Sugar derivatives <,

H CH,OH
L H—C—OH ¢Ho0H
“{j HO—C—H o °
H
O - OH O\ H—C—OH o
= o CH,OH N—H OH
Figura B-5. The two chair conformations of B-p-glucopyrancse. O OH | o H—C—0OH OH
Cepyright 1988 John Wilay and Sons, Inc. All rights resenved OH — H—C—OH OX|d|Ze at C-l CHon 6-|aCt0ne
= HO—C—H
OH
H—C—OH - A _H
Compare B-D and a-D- OH I OxidizeatC-6 ¢ GOOH
H—C—OH
o OH
glucopyranose. Anomeric C: CH,0H H—C—OH -
i i “reducing sugar” — Cc—
What is special about B-D-glc 9549 HO—C—H I\
H—C—OH
among all the pyranose sugars?? OH
H—C—OH
COOH
a-D-Glucopyranose
S. Ensign, Chem. 5700, Lectures 14 and 15 25 S. Ensign, Chem. 5700, Lectures 14 and 15 26
Glucose family
Amino sugars . . .
CH,OH CH,0H CH,OH CH,0H CH,OH O - I d b d " th I k
y i g i glycosidic pond. an etner linkage
L/ NQH B oH  H/y OH HO/ NQH B4 NOH
noNGT N A e\ N A o\ H
H o OH T HooNH H N H H
'I 0 B Ben-M.
CH
FoeGlucose (- 2] glycosidic
Deoxy sugars /" bonds .
CHy—0—P0; CHLOH CH.0H H H CH,0H CH;0H
uA N\on ||/ % on m ' n\mr 0/ NI HO A \on 0 0
ENCEY e Y ..f@ ' N AN L anon R N
y = — Y T OH H il * oH H + H
H OH H NH, H T]i OH H OH OH HO OH HO
C==()
dn, H OH H  OH H  OH
A-u-Glucose §-phosphate Muramic acid N-Acetylmuramic pcid fi-L-Fucose a-L-Rhamnose
a=-D-Glucose Methyl-o-p-glucoside Methyl-B-p-glucoside
Capyright 1998 John Wiley and Sons, Inc. Al rights resaned,
Acidic sugars
(o S s CH o 0
o CHOH CH,OH it H o R=
A—0 {——OH }—o L .1—a. H—{—0H
et NOH My 0 1 N g 3 i G
K [ 0 ; 3 =0k
||(Wa JJ{:\E" " o mw (Wm CH.OH
H OH HoOH H OH OH H
ferGlucuronate eGiluconate n-Gilucono-f-lactone NeAcotylneurnminie seid
(sinlic acid}
27 28

S. Ensign, Chem. 5700, Lectures 14 and 15




Disaccharides: 2 monosaccharides linked by an O-glycosidic bond

CH,0H CH,OH
(0] hemiacetal (0]

H /4 H _ H /4 OH
OH H AN OH H

HO OH > HO H
H OH e H OH

a-D-Glucose B-D-Glucose

Free anomeric

hydrolysis || condensation

*Naming disaccharides:
*Nonreducing end to the left

*Specify:

component monosaccharides
ring types

anomeric forms

H,0 - H,0 car(‘jbon: reducing
en i
6CH,OH 6CH,0H how they are linked together
B 0 acetal 2 (0] hemiacetal BCHQ,OH 6C:['.'.g()H
H H H OH 2 0O acetal = (0] hemiacetal
4 H H H OH
HO 0 H 4
HO 0 H
H OH H OH
Maltose H OH H OH
a-D-glucopyranosyl-(1—4)-p-glucopyranose Maltose
S. Ensign, Chem. 5700, Lectures 14 and 15 29 a-D-glucopyranosyl-(1—4)-p-glucopyranose 30
Are these reducing or Homopolysaccharides Heteropolysaccharides
nonreducmg disaccharides? Unbranched Branched Two monomer Multiple
_ ; types, monomer types,
Lactose (§ form) i i unbranched branched
B-p-galactopyranosyl-( 1—4)-8-p-glucopyranose
Gali B1—4)Gle O
HOCH, O
O _H :
| H/ 2 H HO (:-;l on O
—0— 3 4] ° :
OH H g
Sucrose
i ]"ruiﬁ)"ZI:.ll: )(?:;UP-' I O
Trehalose
a-D-glucopyranosyl a-p-glucopyranoside
Glelal «»1a)Gle
31 32

S. Ensign, Chem. 5700, Lectures 14 and 15
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The a(1-2>4) linkage of starch and glycogen

SCHL,OH CH,OH CH.OH CH.OH
5 0 o] o] o]
H /7 ~H H A H H H H /1 S H
Nonreducing 4 H ) A H o 4 H \L Y A H \1 N Reducing
end ™N\OH H 7| OH H /7 OH H OH H /| end
o— W o— N o— R — Y o—
e |
H OH H OH H OH H OH
(a)

The a(1->6) branching in amylopectin and glycogen
6CH,OH

(a1—6)
branch

Branch point

Main
chain
S. Ensign, Chem. 5700, Lectures 14 and 15 33 (b) 34
The a(1->6) branching in amylopectin and glycogen
. (a) CH,OH CH,OH
Glycogen and amylopectin Py P
« Amylopectin: branches every 24-30 e ao o
» Glycogen: branches every 8-12 residues S L
@ o @ = @ Branching provides
{ % s o many nonreducing
@ e % 3 > ends for simultaneous
3 %008 % hydrolysis by a-
S e%ee® 5 amylases
% %
35 'o99 @ 36

S. Ensign, Chem. 5700, Lectures 14 and 15

D. ENsSyr, Crienn. 9/VyV, LeCwuies 14 afu 19




Starch granules

(a)

S. Ensign, Chem. 5700, Lectures 14 and 15

37

s

Glycogen granules

(b)

S. Ensign, Chem. 5700, Lectures 14 and 15
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* Glycogen most
prevalent in liver
and muscle

* Up to 10% wet
weight of liver

* Why not store
glucose as
monomers?

S. Ensign, Chem. 5700, Lectures 14 and 15

39

( Amylose

Reducing
ends

Nonreducing J
ends
Amylopectin

(e)

S. Ensign, Chem. 5700, Lectures 14 and 15 40




CH,OH

CH,OH
HO

H
0 O\

(a1—4)-linked p-glucose units

(a)

S. Ensign, Chem. 5700, Lectures 14 and 15 41

(b)

S. Ensign, Chem. 5700, Lectures 14 and 15 42

| Cellulose
Primary structural component of plant cell walls

Linear polymer of D-glc in B(1->4) linkage
Chair conf., each residue turned 180° relative to
preceding residue

Intra- and interchain network of H-bonding by

equatorial OH groups

OHIII11111I10H
I 1 THO Ol 11

0
/ Ol 1111 1HO-S on Y
OH '

(B1—4)-linked p-glucose units
43

Compare to coiled structure of amylose

(b) 44




Chitin

Principle structural component of exoskeletons

of invertebrates

Cell walls, fungi and algae

2"d most abundant biopolymer

B(1->4) N-acetylglucosamine residues

« Straight chains * Indigestible by anlmgl!g o
. 1_
> Very Stable H E;O CH,OH H i‘HQ
« Water insoluble g mA N0 B
: . H ' OH H H
* 15 C in biosphere of -0~ T T N—0”
O CH,0H H ITTN CH,OH
» 10%° kgl/year ¢-0
CHy
S. Ensign, Chem. 5700, Lectures 14 and 15 45 S. Ensign, Chem. 5700, Lectur(:s 14 and 15 16
Peptidoglycan
» Bacterial cell wall o
 Heteropolymer, N-acetylglucosamine and N- NN
acetylmuramic acid residues ((NAG-NAM)
repeating unit) ot
» Crosslinked by a tetrapeptide and pentaglycine S o
(@) Gram-positive bacteria (b) Gramenegative bacteria .[7 “F: r e L
__— Peptidoglycan Outer membrane e J‘ : Il =
S Wede R e
7 s :;m.:ra: _ B 1 N ———— pentaglycine
g : Bt
s pentaglycine
47 48

S. Ensign, Chem. 5700, Lectures 14 and 15
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Site of cleavage
by lysozyme

Reducing
end

Staphylococcus
aureus

N-Acetylmuramic
acid (Mur2Ac)
" N-Acetylglucosamine
{  (GleNAc)

Killing bacteria by destroying the cell wall
* Lysozyme (tears, mucus, egg white):
hydrolyzes (1->4) NAG-NAM linkage
 Penicillin: binds to and inactivates enzymes that
crosslink polysaccharide strands via peptide

links

(a) Gram-positive bacteria

Peptidoglycan
(cell wall)

Plasma
membrane

= Cytoplasm

(b) Gram-negative bacteria

Outer membrane

Peptidoglycan
(cell wall)
Periplasmic
space
Plasma
membrane

Cytoplasm

Pentaglyci
c:nssg-ls;:lll:w
S. Ensign, Chem. 5700, Lectures 14 and 15 49 S. Ensign, Chem. 5700, Lectures 14 and 15 50
W N ine N Imuramic acid (
(NAG) (NAM) R
CH,0OH CH,OH |
SNOH H 9 A O
H W ¥ H
H NHCOCH, H \ NHCOCH, | lr I
|
0 HN s - ==
e —tH—c—0 L 8 | D CHS e i
; [ Nu ! '{i iy / HIlﬂ' HIL'
) N Y hy
L-Ala 4 CH—CH, ,E"I(, SRR (— ( | H_~ S\ /CH3 enicilli l H/S CH3
{, il / ] : : \ H H(lji(lj (‘:\ L penicillinase HC c \C<
N § £ CH., | | ‘ CH,
e s B .. CH;y C—N——CH ~? c ——cH °
CH—CO00 { N ( H
i i) N 4 TR Z N H N
lsoglutamate { ¢y, / \ (0] COO O COO
| ::rr.“ () COO Penicillin Penicillinoic acid
f NH
o e s - - -
1 1 CH—(CH,),—NH; Pen101111n
( 0
¢ }H
p-Ala { CH- CH,
L coo
51 S. Ensign, Chem. 5700, Lectures 14 and 15 52
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- Gl rlyca P g ide _Nllmber_of ) ; ; ; .
Glycosaminoglycans eon icohaie Linking glycosaminoglycans to proteins
A ’\ 3
COO H
Present in animals o B o0 = o
Extracellular matrix il SR
H OH CHy
Linear polymers, Glen GleNAc
. . . CH,OH 4 2 . \ \
I’epeatlng d|SaCChar|deS ”}_‘I’/.{,{I 0 . ‘[)) 1_>3] [ﬂ 1_)4) (31_:,3] (ﬁ 1_)3] {[)) ]._)4)
High density, negative N e NG 20-60 _ :
charges e \_/ T (GleA — GalNAc),~ GleA —~ Gal — Gal — Xyl > Ser
OH H !i{ (I‘. G L.
Assume extended g oon Yl Chondroitin sulfate
conformation (B anomers) o AN Core protein —
CH,080,
Viscous .{}‘H-_.I:I:: ® o .
. eratan D /1 A 0 L
Extracellular proteins + | % "K'_,% N s
glycosaminoglycans = 7, @ "
proteoglycans cn,
Gal GleMAcEE0,
S. Ensign, Chem. 5700, Lectures 14 and 15 53 S. Ensign, Chem. 5700, Lectures 14 and 15 54
(a) O-linked (b) N-linked Heparan +NH3‘ 7
1 sulfate f__:z'--‘f =
(lle f e
0 SRR
H H H O— Chondroitin g
] sulfate
HN\OH H O—CHQ—(FH P
H hl'IH NH
{|3=O
CH, i Qutside
GalNAc Ser GleNAc Asn 3\? a QQIQ 3 e 33% 23853
Examples: Examples: T 18 ()~ @A | LA
é e 'l.N _|'Ii:,.-ll
%j i ®cGlc | A& 1A | .
i oo i 05 |gGINAc _ I 0q ) Ll
© Man \ 114 | ) | |
O Gal 59 99 S 599250
o S PR L] g ot 2
:))'m é L2t =] ¥ Fuc “:
oo |3 oce 0083 'V GalNAc ’j
~00C+—=
55 56

S. Ensign, Chem. 5700, Lectures 14 and 15
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Proteoglycans

* Long strands of
hyaluronate with
noncovalently ba
core proteins,.

» Core proteins .
covalently linked t
shorter
glycosaminoglycans

* This stuff is found in
the extracellular i
matrix of cartilage,
tendons, etc.

Hyaluronate
{up to 50,000
repeating

disaccharides)

Chondroitin—=—

sulfate . “—Link
= proteins

Actin filaments -

Cross-linked
fibers of
collagen

Aggrecan . Plazsma membrane
core protein
. 57 . 58
S. Ensign, Chem. 5700, Lectures 14 and 15 S. Ensign, Chem. 5700, Lectures 14 and 15
e
&
Sugars as receptors 59 110
tahle 9-2 t A O-Specific
table e chain
antennas @A oo
Structures and Roles of Some Polysaccharides ( )
o Extracellular @ #an o
Size (number of . B Gl L
Polymer Type* unit’ monosaccharide units) Roles matrix & Gal i'
Starch Energy storage: in plants :g:"ﬂm o
Amylose Homg- {al—+4)Glc, lingar 50-5,000 Dh’d: [ T Core
Amylopectin Homo- (el —+4)Glc, with Upto 10° H O He g}
(al61Gic Imbedded in the Biter g
branches every 24 5
to 30 residues Ni 1
Glycogen Homo- loel—+d)Glc, with Up to 50,000 Energy storage: in bacteria and animal cells |Ip|d bllayer
barches evry 8 membrane of cells,
to 12 residues .
Cellulose Homg- (#1—4)Glc Up to 15,000 Structural: in plants, gives rigidity and strength Wlth th e ante nnas
to cell walls . . .
Chitin Homo- {B1—4)GIcNAC Very large Structural: in insects, spiders, crustaceans, gives Stlcklng O utslde
rigidity and strength to exoskeletons )
Peptidoglycan Hetero-; AIMur2Acigl—4) Very large Structural: in bacteria, gives rigidity and strength ¢ ye
peplides GleNAc(E] to cell envelope > ; > b
attached { % [ ’\ Lipid A
Hyaluronate (a Hetero-; A)GIcAlF]—3) Up to 100,000 Structural; in vertebrates, extracellular matrix of L. ) ;» f ; i \ J
glycosamino- acidic GleNAcig1 skin and connective tissue; viscosity and Llpld bllayer 1 % f \ {
glycan) lubrication in joints /"; / /} i \ \,
* Each polymer is classified as a charide (hame-} or lysaccharide (hetero-), (2 ) ‘\'. } S
"The abbreviated names for the paptidoglycan and hyaluronate repeating units indicate that the palymer contains repeats of this disaccharide unit, with the GlcNAc y <
of one disaccharide unit linked 3(1—+4) to the first residue of the next disaccharide unit, i ? /:} / /
59 . 60
S. Ensign, Chem. 5700, Lectures 14 and 15
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R

o N W
||3-1,3 ‘B-L—" |B-I,3
GlcNAc GlcNAc GlcNAc
||3-1,3 ‘B-l.-" |B-I,3
G‘al G‘a[ Glal
O antigen A antigen B antigen

S. Ensign, Chem. 5700, Lectures 14 and 15 61

table 9-3

Lectins and the Oligosaccharide Ligands That They Bind

Lectin family and lectin Abbreviation Ligand(s)

Plant

Concanavalin A ConA Manel—0CH;

Griffonia simplicifolia GS4 Lewis b (Le") tetrasaccharide

lectin 4

Wheat germ agglutinin WGA NeubAc(a2—3)Gal(g1—4)Glc
GleNAc(f1—-4)GlcNAc

Ricin Gal(g1—4)Glc

Animal

Galectin-1 Gal(g1—4)Glc

Mannose-binding protein A MBP-A High-mannose octasaccharide

Viral

Influenza virus hemagglutinin HA NeuSAc(a2—6)Gal(81—4)Gic

Polyoma virus protein 1 VP1 NeuSAcla2—3)Gal(31—4)Glc

Bacterial

Enterotoxin LT Gal

Cholera toxin CcT GM1 pentasaccharide

Source: Weiss, W.1. & Drickamer, K. (1996) Structural basis of lectin-carbohydrate recognition.

Annu. Rev. Biochemn. 65, 441-473.

S. Ensign, Chem. 5700, Lectures 14 and 15
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Oligosaccharide
chain

Plasma
membrane

protein \

63
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