Carbohydrates

Summer semester 2023-2024
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@ Carbohydrates are polyhydroxy aldehydes or ketones.
@ Saccharide is another name for a carbohydrate Jeder o§m?wg
< (C.';:‘J"\ > r('\>’°“
@ Functions: 2

@ Source of energy (glycogen and starch)

@ Structure (cellulose and chitin)

@ Building blocks (glycosaminoglycans) — = «te \wnyr  weleals
@ Cellular recognition (glycoproteins)
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@ Most carbohydrates are found naturally in bound form rather than as
simple sugars.

@ Polysaccharides (starch, cellulose, inulin, gums)
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@ Glycoproteins and proteoglycans (hormones, blood group substances,
antibodies) i
SRRt .
Glycolipids (cerebrosides, gangliosides)
Glycosides swaer ret fod w¥n stcnen
Mucopolysaccharides (hyaluronic acid) —» gem

Nucleic acids (DNA, RNA)
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@ By the number of sugars that constitute the molecule
@ Monosaccharides, Disaccharides, Oligosaccharides, Polysaccharides

A 2 y iy
monosaccharide disaccharide
c,oVQhM‘\y Vond
oligosaccharide polysaccharide
(chain containing (long chain with possibly hundreds

3-10 units) or thousands of units)
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@ Basic chemical formula: (CH,O)n \ c=0_3%_ _c=0
@ They contain two or more hydroxyl (H—C—OH)  (H—C—OH)
sroups. CH,OH CH,OH
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Fisher projections or perspective structural formulas.

~ ) Fischer
@ S . CHO Perspecllve

H HO—C—H Hmn- c OH Ho-.c-.H

|
H40OH CH;0OH
D-glyceraldehyde L-glyceraldehyde D-glyceraldehyde

O Top (C1): Most highly oxidized C

CH,0H CH,OH
L-glyceraldehyde

== Forward | Backward




Classification 2

@ By the number of carbon atoms they contain.

Triose (seaet)
Tetrose
Pentose
Hexose
Heptose
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@ By the functional group

H 0 H an aldehyde a kefone
N\ Z | This can be E
v C H—C—OH hydrogen or a f? i
l hydrocarbon group. —m R-C R-C
‘ '
H—C—OH ¢=o H T \;
: !
H—C—OH H—C—OH All aldehydes have a These must both be
| hydrogen attached to hydrocarbon groups - for
H H the C=0 example, akyl groups.

Aldose Ketose
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Aldoses

(ITHO

HCOH
|
CH,OH

pD-Glyceraldehyde

Aldotriose

-

—_——
3

CHO

HCOH

HCOH
(IZH._,OH

D-Erythrose

(I'THO
HOCH
I
HCOH

I
CH,OH

D-Threose

D-Allose

('J HO

H(I‘O H
H(|JOH
HCOH

|
CH,0OH
D-Ribose (Rib)

N

CHO ( HO

H(‘()H HOC] i

H(IIOH H(I]OH
H(IJOH H(IJOH
H(IYOH H(I30H

I I
CH,OH CH,OH

D-Altrose

CHO
H()(I‘H

HCITOII

H(I‘.OH

|
CH,OH
D-Arabinose (Ara)

(l‘, HO

HCOH
|
HOCH
I
HCOH

|
CH,OH
D-Xylose (Xyl)

C",HO
IIOCI‘II
HOCH

I
H(|30H
CH,OH

D-Lyxose (Lyx)

<

N

CHO
HCOH
HO(I?H
HCOH
HCOH
(IJH20H

p-Glucose
(Gle

(I',‘.HO

HOCH
I
H()(ITH
HCOH

|
H?OH
CH,OH

p-Mannose
(Man)

N

(‘HO

H( OH
I
HCOH
I
HOCH

I
H(I:on
CH,OH

p-Gulose

( HO

H()(‘H
HéOH
H(’)(IIH
II(IZOII
(I?H.z(_)H

p-Idose

S

(i.‘l-l()

HCOH
HO(IIH
H(')(I‘,H
II(IJOII
(I‘,H.ZOH

p-Galactose

(Gal)

(|3H(_)

HOCH

HO(I?H

H()(I)H
II(IIJOII

H,OH

p-Talose

Memorize the
ones in boxes.
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Aldotetroses

Aldopentoses

Aldohexoses




Ketoses

Og' QN\'N‘Q\ CMM'
HoF C - R

CH.,OH
— i
CH.,OH
Dihydroxyacetone
CH,OH
S ket
H OH
LOH
D-Erythrulose
CH,0H /\ (|>H;,OH
=0 ¢ P Mmba
H——CH HO——H
H—1—0H H——OH
CH,OH CH,OH
D-Ribulose D-Xylulose
L R L TR
CH,OH CH,OH CH,OH CH,OH
=0 (I:== =0 =0
H——OH  |HO—}—H ] (NS M, V7N
H——0OH H——OH| HO——H HO——H
H————OH H——OH H—+—OH H OH
CH,OH CH,OH CH,0H CHRon
D-Psicose D-Fructose D-Sorbose D-Tagulose

'\

Memorize the
ones in boxes.




@ Glucose:

@ Mild sweet flavor

@ Known as blood sugar

@ Essential energy source ( wain eve)
@ Found in every disaccharide and polysaccharide

@ Galactose:

@ Hardly tastes sweet & rarely found naturally as a single sugar

0
C C

/o

@ Fructose:

@ Sweetest sugar, found in fruits and honey
@ Added to soft drinks, cereals, desserts

Fructose

HO

OH
N
|

Galactose
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What is a chiral carbon? ; wiwce e wc wisgerinpesole oy cn ve vy dibh

CN\ Soml nelew\ws Yaate sweek Wowo over el migrer {MQQ ‘oules \ngf\.

HO\C O%
H, 0\ C—H
€ Chiral
= L \ carbon
/CH2 /CH 5
HO HO
Dihydroxyacetone D-Glyceraldehyde :
(a ketose) (.z: akk,:e';yd we oy Wve rwo ko

(e sivpleet)




CHs CH;

C—H  H—C—CHCH,

Br CH,CH,CHy
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{\An isomer is a molecule with

Isomers that have the same 1. the same molecular formula as
molecular formula and another molecule, but with a
sequence of bonded atoms Isomers | gifferent chemical structure.

(constitution) but differ in the

three-dimensional orientations | 1 :

of their atoms in space. ] A

Molecules with the same
. Constitutional | molecular formula but
\2 { SteremsomerJ isomers have different bonding
& — C patterns and atomic
S ame  abo mewkt Vwr [ |

\ \ organization.
Al fn anmempuent (20) \/ AH abacimenks

Enantiomers Diastereomers C conneckedt MH- exently )

1 l
] ] ]

L-isomers D-isomers Epimers AF} n atshs ik ot
OWlY Ve CMiVA\ center




c = Ol £ JSE
2" (n is the number of
~J) chiral carbons in a
sugar molecule)
A Glueste wawve U = 2‘!&

43—0‘5 {Somer &

Search for:
Glucose,
Galactose
Mannose

—Y

CHO
H——OH
H——OH
H——OH
H——OH

CH,0H

CHO
H——OH
H——OH

HO——H
H——OH

CH,0H
CHO

HO——H

HO——H

HO——H

HO——H

CH,OH
CHO

HO——H

HO——H
H——OH

HO——H

CH,OH

16 Aldohexoses

CHO CHO / CHO

HO——H H OH
H—T—OH HO H
H OH H OH

o .

HO H

HO——H &
H OH

H——OH H OH H——OH
CH,OH CH,OH CH,OH
0 - G\eense O- Nannore
CHO CHO CHO
HO——H H—0OH HO—H
H—T—OH HO——H HO——H
HO——H HO——H HO——H
H——OH H——OH H——OH
CH,OH CH,0OH CH,OH
O - Gdacrese
CHO CHO CHO
H—T—0OH HO——H H——OH
HO——H H——OH H——OH
HO——H HO——H HO——H
HO——H HO——H HO——H
CH,OH CH,OH CH,OH
CHO CHO CHO
H——OH HO—T—H H——OH
HO—r—H H——OH H——OH
H——OH H——OH H——OH
HO——H HO——H HO——H
CH,OH CH,OH CH,OH




Two stereoisomers that a;\

mirror images of each
other and are non-
superimposable (not
identical)
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Isomers

]

]

Stereoisomers

Constitutional
isomers

[ EnantlomerJ
C

]

L-isomers

N\

]

]

Diastereomers

D-isomers

Epimers
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D-Glyceraldehyde

N A°
Ne? / \ c
| |
H—C—OH OH—C—H

C H,0H C H,0H

L -Glyceraldehyde
Y
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CH,OH

o

CH,OH

e
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Ball-and-stick models

—V




DNE C
CHO
HO H
HO H
CH,OH
L-erythrose

CHO

OH

OH

CH>OH
D-erythrose

Do not memorize
but study them.




Isomers

]

]

) Constitutional
Stereoisomers )
isomers

]

Enantiomers

A

A

|

{ DiastereomerJ

L-isomers

D-isomers

{

“\ Two or more stereoisomers of a ( \,D)

compound having different configurations
at one or more (but not all) of the chiral
carbons and are not mirror images of

each other.

Al G““c Yas W JQ\S\'Q.TM

Epimers




then...diastereomers

CHO CHO
H——0CH ‘ @m\‘fomtnl HO——H
H OH HO——H
CH,-OH CH,-OH

IS

Diatkercomers

¥ / \ ¥
CHO CHO

H——0 OH + H
- H — OH
CH,-OH CH,-OH

‘ 0, WanYlomers |




Isomers

| |
| ]

. Constitutional
Stereoisomers

isomers
1
| |
) )
Enantiomers Diastereomers
1 l
| | |
! ! Y\ Epimer refers to one of a
: : ) pair of stereoisomers
L-isomers D-isomers Epimers whereby two isomers differ
C in configuration at only one

chiral carbons.




Diastereome different orientation of one : I'rb@"ﬁliﬁ,-”,

then... epimers

Memorize and

1 1 - study them.
CHO CHO CHO
, | , | , |
HO —C—H H—C—OH H—C—OH
3 3 I 3 I
HO —(IZ—H HO—(I:—H HO —C—H
H—C—OH H—C—OH HO —C—H
5 I 5 I 5
H—C—OH H—C—OH H—C—OH
®CH,OH ® CH,OH ®CH,OH
p-Mannose p-Glucose p-Galactose
(epimer at C-2) (epimer at C-4)

Is L-glucose an epimer with D-mannose and D-galactose? }\/ O) Ywey w*
Alagkercomess
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Hemiacetal and hemiketal: ether and alcohol on same carbon
Acetal and ketal: two ethers on same carbon

0R
)(L % HO R_OH_., R0 OR
B ul H
aldehyde hemlacetal acetal

Ho OR o RO OR

ketone hemiketal ketal

What is the difference between hemiacetal and hemiketal and
the difference between acetal and ketal? ‘— ﬂ) aldewAe + Ran
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Haworth representations
of furanose structures

Furan —» S wepbaed

C——oO y O O
/ AN
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Haworth representations
of pyranose structures

Pvran —s & aoperse

CH,OH
.\'*gp‘“‘\ /
HC—OH /
OH/\ H
/
C A
OH N\
O
OH \\
p-Glucose

CH,OH
O oo
OH
HO
OH

Pyranose form
(e swwle)
CIIHQOH

CHOH
o OH

OH

OH

Furanose form
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CHo0H

H OH
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CH,0H

H OH

( B{s werC 4oVie =2 wure (NS

OH

B-D-fructose

o)
3
OH
a-D-fructose
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Chain to ring

sugar and go

Left-up, right-down YOUR right

H?:O H(.?:O
H(F—OH H(?-OH
HO—CIZH HO—(?H
HCll—OH HO—(?H
HC-0H HCI:—OH
CH,OH

CH,OH
OH O

OH

. OH OH
glucose WS galactose fructose
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CH,-OH
H O H
H U
OH - ?
OH OH o<
H OH

c-D-glucopyranose

\mgd chiva' cewder (05)

OW ik down

Examples of Some Pyranose Forms of Hexoses

CH,-OH

OH 0. OH
H N
OH H ?

H H
H OH

(-D-galactopyranose

CH,-OH

H H
H ~
OH OH ?

OH OH
H

ct-D-mannopyranose

CH,-OH
H 0. OH
H N

H H ?
OH H
OH  OH

[-D-allopyranose




CH,OH
D-ribose

A1 10SC
"...,mst.
* anomeric carbon
CH,OH CH,OH
o H 0 OH
——— * # *
H OH H H
OH OH OH OH
o-D-ribose [D-ribose

OH atanomeric carbondown  OH atanomeric carbon up




Modified sugars




@ Where is it oxidized? What does it form?

@ C-1 ! C-6
Alchit —3 Cafoxyl
cO HO-CH, /.1\'“'.; s pul
o C-6 -
OH oH coo~ C1
H
H OH OH OH A‘Adyd(,-—a Corlaeky)
a-D-glucuronat ) D-gluconate cmgupdte Vase ( came ‘,YL ;s
(D-glucuronic adid, GICUA) (D-gluconicadd, GICA)  + ad sxy when (coupy ™
from oxidation of glucose C6 OH from oxidation of glucose C1 aldehyde)

Do not memorize the
structure but study it.
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a. Weak oxidizing agent

H-C=0 HO-(_3=O

H-(ID-OH H-(ID-OH
HO-(ID-H Weak oxidizing HO-(ID-H

H-(IL‘-OH agent ; H-CI-OH

H-(ID-OH H-CI-OH

éHzOH (|3H20H
--onic acid

Do not memorize the
structure but study it.

HO-CH,

OH
OH coo™

H
OH

D-gluconate

(D-gluconic add, GICA)
from oxidation of glucose C1 aldehyde)

B-D-glucose gluconolactone gluconic acid
CH;OH reductive SOH CHOl
() OH  half reaction o —-OH
H — H T OH
OH H H on COOH

H H H




c. Oxidation of primary alcohol end in biological

systems
H-C=0 CHO
H-C-OH | H-C-OH
HO-C-H Enzymes HO-C-H
H-C-OH ’ H-C-OH
H-C-OH H-C-OH
CH,OH HO-(!3=O

-uronic acids

Do not memorize the
structure but study it.

-

(olele

0
OH

H OH
OH

a-D-glucuronate
(D-glucuronic acid, GIcUA)
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.

acid
A @
H\ A
H 0 / H\,OH( CHZOH
/™ HS-oH o AT I_('O\H rsomorized -
B: o vibvuttm B-H +— HO—+H
. HO—1—H e HO—1—H — H OH
ase A B
H——OH H_—OH CHzOH
CH,OH CH,OH
D-Glucose - ene-diol o-Fructpse -
open chain form open chain form

Do not memorize the
ene-diol structure
but study it.




@ What does it form? Alaadwl —« ycers)

@ Examples include sorbitol, mannitol, and xylitol, which are used to
sweeten food products

H.OH

d CH.OH OH
Glycerol 0-Sorbitol W %eed 0-Mannitol Myo-inositol
— Obtained from the  Obtained from the Obtained from the .
FS\AS\ reduwor;'g; r?y'%fror reduction of either the reductionofeitherg}e We will get to
R AD dihydroxyacetone. gbooseorilt?em&; o ictose orgttg‘c,:, this sugar in the
£ carbonyl group Sarbony group of lipids lecture

—o\1 a\cwird
0 Ywey afe wede Fron 4 onaver




@ One or more hydroxyl groups are
replaced by hydrogens.

@ An example is 2-deoxyribose,
which is a constituent of DNA.

C-2 o# wilbe YewoVed

-
. S
S

HOCH»
O _OH
H H
H
OH OH
Ribose

H

HOCH,
O._OH
H H
H
OH H

H

Deoxyribhose

XIVV

ed ne o
5»\3 r




@ [-fucose (L-6-deoxygalactose)

@ foundin the crarbohydrate portions of some glycoproteins

O
H——OH
H o. H HO—1—H H o. OH
K\OH H7|/H0——H\ < OH H7{
HO H HO O oo H HO "
CHa CHy

CHj

6-deoxy-a-D-galactofuranose 6-deoxy-B-D-galactofuranosc

D-fucose (6-deoxy-D-galactose)

Do not memorize the
structure but study it.

\_,, M\-\'Qus ov RRCs

L-fucose
(6-deoxy-L-galactose)

Red Blood Cell

02 02
p3*

B3

03 o2
p3*
B3

Blood Group (0] A B

(0 - fweese) : i
A Fucose (D=1 [ ] N-Acetylgalactosamine
. N-Acetylglucosamine (7) Galactose

Do not memorize the
components except
for fucose.




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

-

-
RS

Lormakiona} ctiey

Pl’\tgpkw/‘yld'\'on eithel b C-lor C- 6 —sp praphe ceter’

a/ 0
C\L UM”A\/ hosphate
Nt gster‘l’inkage
M e (WAL
Y ey pd v p-D-glucose-6-phosphate

Mekoo\ sw (an ordinary phosphate ester)

HO-CH,
phosphoacetal

O linkage
XS
H O—P-0"
H | _
0

a-D-glucose-1phosphate
(a phosphoacetal)
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@ What is the reacting functional group? Where does it react? What are the
end products? Where are they used?

‘-

- Y ot of
:Zl?brgﬁrlc glycosidic m L “& can D= B
OH OH bond s .
Aty on Yae gowen o
H A OH / H ?:P" 3 ° 9
A
OH H + HO CHy — + H,0
HO OH ~ CH — owct Yo KN (S Sgrnd
~ 3

H  OH we metavatarion C Pixed) (N«wq

HOCH,

- (@)
CH20H Acetal -
0 RO-C-OR OH
HO o

HO OH
CH,OH Hemiacetal > glycosidic link
o 0 RO-C-OH i
0 HO HOCH, o

HO

- FaeyY 4 » HO
oncknex Wy 8 Yo Seqer OH CH,OH

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) Vne alycosdie emn
—— ve prwn boin

mmerfc arbony

HOCH, o
O 0 ¢ S?hﬁf / r
HO ” csl'ef‘ VMR e J
HO T
0

g\vcma«c w yiwa C3N

H
OH \Anomcnc carbon

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.

CH,OH

OH

OH CHs
OH

C-glycoside
weAW\

HOCH,

HO

OH

N-glycoside

NH,

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

@ Further modification by acetylation
d I'”'cr from N-gyconidi ¢

N (ephces o o} C otwer

6 HOCH,
P ghe avewaric (L) HOCH, o H
WAy o 2 >—0 M i
Y 4 0;" 1 OH OH
2UE Bowd 1y amine Yoord O —12 oH M AMIDE
H, c=0 BOND
|
a-D-2-glucosamine CHy
(GIch)

N-acetyl-a-D-2-glucosamine
(GIcNAc)
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@ What are disaccharide? Oligosaccharides? He’iero- VS. hoino-?
) ' ION? Condensakion: :
What !s the t.ype of reactlo'n. o oo AP swper  Sametger
@ What is a residue? each suowalt | (invotves 4ue €-1)

@ Synthesizing enzymes are glycosyltransferases. ( westter super

O-GLYCOSIDIC BOND FORMATION

0 I ? Monosaccharide Monosaccharide
Do they undergo mutarotation? we - o
@ Are products stable? ves KHS On  + g
\_ OH H o |giresommmes g \
HO N\ - . HO 1=
H OH uw,:F ----------
H,0
Disaccharide

CH-OH
J CH,OH
1

- A C6H-20H
2H HO
O, 3 4
H \ H Wexro

0-Glycosidic Bond
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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) Taewy of e seqer

The anomeric configuration of the OH group on carbon 1 of each residue

(a or B)

AM Supexs M tHhe vady «ave D J& ,Cmrwe, o pufpa:cs
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@ Configuration

@ Designation

@ Naming (common vs. systematic)
@ Reducing vs. non-reducing

Weshe® to ldently e tuger Vedweing
— Py or 3 uran
- Ofon Ce
- OHF on Qq
€y pyrav - O on C2-0H wxCu _, o redneing

% ot \eagh o free oewmeric carbon [ ¥ewn ol monesash — aure Mu.u’va

#nou-fco\&cﬁhac no - fcee C-ﬂ,

WOWn -—-mlu\‘we&
H

Sucrose
(-p-Glucopyranosyl-(1 -+ 2)-f-o-fructofuranose

wm gt vegiddune ok e Ateacchagides
CH,O0H

Lactose

(t-D-Glucopyranosyl-(1-> 4)-a-p-glucopyranose




/

Name Formula Formed from Structure
glucose + fructose ---> sucrose + Hz0
CH{LOH CHOH
“ HOHL ,.0\\‘11 * o o
sucrose Ci2H22011 A 4}/ _ ,{ /HI R RN
A OH / -+ H\H H ':/ CH ,CH OH H g " \ OH {
HO H oH H - HO ™ g U ! L_Hj:'H
OoH oH H OH OH
glucose + galactose ---> lactose + Hz0
IZ‘HPH l:‘HPH H ©OH IZ'H;;')H
H Q HO i‘Q H —l H >‘[;O
lactose CizH22011 }/l ’[ " }/ ’[ }/ " \T yy ’{
. OH / . PH . H S e OH /
HO H OH H H oH HO N O 0 4 H o
oH OoH CHOH OH
glucose + glucose ---> maltose + H;0
CH :pH CH j:'H CHOH CH ;pH
maltose CizH>2011 K y[ 0’[ . j Q

|,

A OH ’
S H
(&

H

OH

H A OH H (6]
H N k/
. PH e NH R
HC 4?[ - H OH
H oH

k“f-\




@
CH,OH CH,OH
O O
OH O OH
HO
OH OH
o(1—> 4) Glycosidic bond
G g\actoge G' uCose

Lactose (3 form)
[3-p-galactopyranosyl-(1—4)-3-p-glucopyranose
Gal( S1—4)Glc

OH

m
C) . > ,
T A
CH,OH /CHZ
O O
O
OH OH
HO HO OH
OH OH
o(1—> 6) Glycosidic bond
CH,OH CH,OH OH
O O
OH
| _ I HO
OH - OH (9
HO HO
(8]
OH CH,OH

B,B(1— 1) Glycosidic bonds

OH

A disaccharide of -D-glucose.




This is extra




@ [tis formed by the isomerization of lactose. @

@ [t has health benéefits:
@ |tis used in treating constipation.
@ |t promotes the growth of health-promoting gut bacteria.
@ |t modulates the immune system.

| CH,OH
\ 0. OH
K CH,OH OH Isomerization
o/ r OH)—0_ O
e OH OH
i OH

: J Lactose

Do not memorize the
structure but study it.

Lactulose




A105€C |C O
CH,OH
o CHZ%H
OH HO
OH O CH,OH
OH OH
sucrose

News > WebMD Health News

Cl

HO
CH,CI

CH,OH
CH,CI
0
OH
OH OH
sucralose

-
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MADE FROM SUGAR SO
IT TASTES LIKE SUGAR

cown e o\&%{'&‘\"‘&

Sucralose Damages DNA, Linked to Leaky Gut:

Study

Lisa O'Mary

we01203 §ucralose, a Common Artificial
Sweetener, May Increase Cancer Risk

WebMD




Milk problems %

o s — o

@ |actose Intolerance: A deficiency of the enzyme lactase in the
intestinal villi allows lactase of intestinal bacteria to digest it
producing hydrogen gas, carbon dioxide, and organic acids and
leading to digestive problems (bloating and diarrhea).

Galactosemia: Missing a galactose-metabolizing enzyme can

result in galactosemia where nonmetabolized galactose

accumulates within cells and is converted to the hydroxy-sugar

galactitol, which cannot escape cells. Water is drawn into cells

and the swelling causes cell damage, particularly in the brain,™ ° (nexve dsweac
resulting in severe and irreversible retardation. It also causes  ua Yeiarderion

— KT ‘,ﬁ.r
5 ' o




Raffinose

—\C
@ What are oligosaccharides?
Example: raffinose

@ |tis found in beans and vegetables like cabbage,
brussels sprouts, broccoli, and asparagus

BTYH* 9

<
Cabbage Brussels Kohlrabi Kale Broccoli Cauliflower
sprouts o
H GalacYose
. oG
Humans lack the alpha-galactosidase
enzyme that is needed to break down G\
raffinose, but intestinal bacteria can H WO uz /
ferment it into hydrogen, methane, HOCH, o

and other gases.

w‘*‘

w" ‘ \ %f% SOUP

£PLLep1 QI Yoieas /isiuy 1eubuo o

Wo2°}201SUoOlED WOl ajqejeay siybiy

"You want that double-order of
our world-famous baked beans for
here... or, we sincerely hope... to go?"

Homework

1. Recognize the
monosaccharides that make
up raffinose.

2. What is the monosaccharide
that is attached to what
disaccharide?




@ Streptomycin and erythromycin
(antibiotics) Mgy ot ekrHed

@ Doxorubicin (cancer =4
chemotherapy)

@ Digoxin (cardiovascular disease)

O OH OH

OHC H
CH,0 O OH §

“wo o NHCH, HC— 0
Pt
NHg*
oH

Streptomycin Doxorubicin

Erythromycin A

0
HO ¢chy J =0

umw

Digoxin

Do not memorize or
study the structures.
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® What are polysaccharides?
@ Homopolysaccharide (homoglycan) vs. heteropolysaccharides QN*HR-S

@ Features of polysaccharides:

S

9
9
9

Monosaccharides
Length
Branching

Purpose:
@ Storage (glycogen, starch, dextran)
@ Structural (cellulose, pectin, chitin)

Q‘-/‘f“\
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News (.»\y .- - '
D CH,OH CH,OH CH,OH CH,OH
?"w“ ~ . 5 CH,OH CH,OH 1O 0 0 40
@ Which organisms: 0 0 NG . ] )
HOH
@ Forms: HO N N o § Mowiewy
| OH OH Amylose Structure
9 d mylose (10‘20%) Maltose (glucose-a-1,4-glucose)
CH,OH CH,OH
@ amylopectin (80-90%) /3\:'1 °> G °
OH ° Ho | o WA =€)
CH,OH CH20H éHz CH,OH

Worancn ) Amylopection Structure

Memorize




@ 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?
» - - wz = plawks Waof Wave
@ It makes it more water-soluble and does not crystallize. —= <2 "2

@ Easy access to glucose residues. — due to wawy tetniwds
% waoYVC ob\\wse L Voo Sheved
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@ A storage polysaccharide
@ Yeast and bacteria

@ 0-(1-6)-D-glucose with branched chains
v Bianches: 1-2, 1-3,0r 1-4

Do not memorize or
study the structures.




Cellulose

o Sxrueirwi{ov owe POV
{a) Celulose fibers
—0 wet »mwca »°

W&N b&“ S

Memorize CHZOH

CH,OH )
OH © _B(1>4) glycomdm linkage

OH  Towa thestadle

OH ko serve Adwe QuiQwmc

CH,OH CH,OH

SO e

Cellobiose (glucosc-B-l -laglucosc)

ok ‘\H \kuk\'\y — ‘ouily =o wofc warer

wolwy  Sxec\  weoices




Nomo P6‘7
What manner of

@ What is the precursor? armor is this?!? heh heh.
\ EXOSKELETON!

@ Where does it exist? iw exosheieron

CH,OH

N-Acetyl-B-p-glucosamine

CH,OH CH,OH CH,OH CH,OH
8 0 0
N .
0 0 0 0 8
OH OH OH o/ r .
B(1—4) B(l—4) B(l—4) N
eSS v emunN Tt ,& gl;wh/
HN —(Iim 1 1 HN —ﬁcu3 HN —CCH, HN—CCH,
O 0

B= vided




@ What is the precursor?

@ Where does it exist?
vauaef 0&\

SV

COOCH;

Ob*'\mu g Q- w) a \yco ﬁé\*c

'\

COOCH3 OH

O
OH .
0
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L. % xder w keymnt oaF over au
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@ 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.




¢ [ )& :
C C .
® -y
\

\/O (\U{)M Mracharides W CCeM

ok \tfr one (3R guunme wwger waflcg

@ What are they? Where are they located?
@ Derivatives of an amino sugar, either glucosamine or galactosamine

@ At least one of the sugars in the repeating unit has a negatively charged
carboxylate or sulfate group = —

C\

% A ey CXask AR s i CH,OH GH.0N CH,OH \s
”:‘5”4 H 0 ) ﬁ(_')— —“."-5().‘ H O ' ‘()— H H 8} .EO_ N“‘s fe?“
[ [ H |
\iV\e w’r\\uae e H R i " H g ; HO Xt 1
’ Lo 00~
= o i H NH(”.(-H:. 5 = 3 H xnh:cm " S H NHI(I:(;H.S Yo cuthiown
¢ CoO™ —0 ~——0 ’ “Ep—
1 H ‘H 0 Con 1l o {0 u M o
N-Acetyl- N-Acetyl- 4
H OH v-galactosamine- H  OH pggalactosamine- H OH N-Acetyl-
p-Glucuronate 4-sulfate i uronate A-sulfate p-Glucuronate p-glucosamine
Chondroitin-4-sulfate Deriitiss solEaté Hyaluronate
CH,0504™ - g
=g 5 i OO~ CH,080;~ ,,('”’(N)?‘/' .
i
2 7 el O s e :; 5o- Do not memorize or
( i 4 i x 7T I
¢oo- H N 1 Qe o B S0- HOAO. 8 d study the structures.
2 o 8 H  NHCCH, Lol B M H  NHCCH,
A : 0 (||) H  0SO, H  NHSO, 1 H — —
S N—— A:Sulfo- H OH M -
oty V1S Glucuronate- p-glucosamine- NAcetyloglucos-
H OH alactos: o . &g PR @
o RO n‘m(; :l:;::::mﬁ 2-sulfate G-sulfate n-Galactose amine-t-sulfate 'QQHOVB W.'\,\A ve
Chondroitin-6-sulfate Heparin Keratan sulfate

oy

Aty fue srfeckure




GAG

Hyaluronate

Localization

synovial fluid, vitreous humor,
ECM of loose connective tissue

Comments

the lubricant fluid , shock
absorbing

As many as 25,000
disaccharide units

Chondroitin sulfate

cartilage, bone, heart valves

most abundant GAG

Heparan sulfate

basement membranes, components
of cell surfaces

contains higher acetylated
glucosamine than heparin

Heparin

component of intracellular granules
of mast cells

lining the arteries of the lungs, liver
and skin

S g
A natural anticoagulant
—

Dermatan sulfate

skin, blood vessels, heart valves

Keratan sulfate

cornea, bone, cartilage aggregated
with chondroitin sulfates

Only one not having
uronic acid




’roteoglyce
Lo \erge sanel W/ peERde

@ Lubricants

@ Structural components in
connective tissue

@ Mediate adhesion of cells to the
extracellular matrix

@ Bind factors that stimulate cell
proliferation

A Yuey Comned cols %o Proy Commmn i emre

X natrcints afe  Qlrored w Twen

Chondroitin )
sulphate

N

NG

Keratan sulphate —————

Link protein -

Hyaluronic acid ————

backbone

Link protein ————
Hyaluronic acid —

backbone -
Core protein ——l__. o
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CH,OH CH,OH |
H O H O
1 H
——0 NO H/ O NOH H
H H
| H.C H NH H NH |
\ |
C|H =0 =0
_ | |
COO CH,4 CH,
-« v J U v J
NAM NAG

N-Acetylmuramic  N-Acetylglucosamine
acid

Oligopeptide

CONAINY Khneke wek  ovndned

Do not memorize or
study the structures.

0=C
CH,

CH,

—> Lactic acid
N-acetylglucosamine (NAG) N-acetylmuramic acid (NAM)




Y

D N-Acetylglucosamine
residue —_

9

D—(llln O

I

I-Lys —&NH— C — (Gly);,—NH—  To tetrapeptide
| side chain

D-Ala
=

"

(Gly);
(|, —0 Amino acid Glycine residues of N-Acetylmuramic
|‘ o residues of the pentapeptide acid residue

the tetrapeptide side chain
To tetrapeptide side chain

side chain
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@ The carbohydrates of glycoproteins . fan S
are linked to the protein I H
component through either O- a \/c/ e "
. L H o
glycosidic or N-glycosidic bonds — degesvy - “zc\c 5 )
YL awmive —
@ The N-glycosidic linkage is through the HzO:N/ "'3"2CH2C\O
amide group of asparagine (Asn, N) = S
@ The O-glycosidic linkage is to the o
hydroxyl group of serine (Ser, S), HN. _CH, HN. _CH,
threonine (Thr, T) or hydroxylysine \ﬁ \ﬁ
(hLys) B 0 0

N-linked GIcNACc O-linked GalNAc

Figure 11.15
Blochemistry, Seventh Edition
= 2012 W) Treemnan anvd Jompany

Do not memorize or
study the structures.
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@ Soluble proteins as well as membrane proteins

@ Purpose:
@ Protein folding

Protein targeting —» wwfc te gendd due Prren
o \y <o clated — T N aupery

]
@ prolonging protein half-life €sweitidy)
@ Cell-cell communication

@ Signaling
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@ Three different structures:
@ A,B,and O
@ The difference:
®«@ N-acetylgalactosamine (for A)

@ Galactose (for B)
@ None (for O)

O antigen A antigen J antigen

o




@ N-acetylneuraminate
@ Precursor: the amino sugar, neuraminic acid
@ |Location: a terminal residue of oligosaccharide chains of glycoproteins and

glycolipids. = - =
T~
- g
o B g::c
GalNAc
- O GleNAe
O-linked | Nefinked I /
glycan glycan N O ]

MN-acetylneuraminate (stalic acid)

Do not memorize or
study the structures.







