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The EC number for this group of enzymes is EC 3.2.1 4.

(http://expasy.org/enzyme/3.2.1.4).

Reaction: Endohydrolysis of 1.4-beta-D-glycosidic linkages in
cellulose, lichenin and cereal beta-D-glucans.

Other names: Endoglucanase. Endo-1.4-beta-glucanase.
Carboxymethyl cellulase. Endo-1,4-beta-D-glucanase. Beta-1,4-
glucanase. Beta-1,4-endoglucan hydrolase. Celludextrainase.
Avicelase.
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Mechanistic details of beta-glucosidase activity of cellulase.
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Key: © Wadsworth - Thomson Learning
- Saturated fats l:l Polyunsaturated,

omega-6 fats

Polyunsaturated,
O

[] Monounsaturated fats omega.3 fate

Animal fats and the tropical oils of coconut and palm are mostly saturated.

Coconut oil

Butter

Beef tallow

Palm oil |

Lard [ [

Some vegetable oils, such as olive and canola, are rich in monounsaturated fatty acids.

Olive oil [ |
Canola oil [ [
|

Peanut oil

Many vegetable oils are rich in polyunsaturated fatty acids.
Safflower oil [
Sunflower oil

Soybean oil [
Cottonseed oil |
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C6 CH2-(CH2)4-COOH ey IS
C8 CH3-(CH2)6-COOH ERRE
C10 CH3-(CH2)8-COOH BN
C12 CH3-(CH2)10-COOH )
Cl4 CH3-(CH2)12-COOH s 0
C16 CH3-(CH2)14-COOH Agally
Cl18 CH3-(CH2)16-COOH EREN
C20 CH3-(CH2)18-COOH BRI
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C16:1 | CH3-(CH2)5-CH=CH-(CH2)7-COOH EREWE
C18:1 | CH3-(CH2)7-CH=CH~(CH2)7-COOH ey
C18:2 | CH3-(CH2)4-CH=CH-CH2-CH=CH-(CH2)7-COOH | <lis

. | CH3-CH2-CH=CH-CH2-CH=CH-CH2-CH=CH- e
C18:3 1 (cH2)7-cO00H <lidsid

| CH3-(CH2)4-CH=CH-CH2-CH=CH-CH2-CH=CH- .
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12.0 ——»14:0— 16:0 18:0
A 9 desaturase l

18: n-9
A 12 desaturase l A 15 desaturase

18:2n-6 —  18:3n-3

' '

A 6 desaturase A 6 desaturase
18:1n-6 18:4n-3
20:31- 6 20:4n-3
A 5 desaturase A 5 desaturase l
20:4n-6 20:5n-3
Arachidonic acid eicosapentaenoic
(EPA)
22:6n-3
(DHA) decosahexenoic acid
n-618:2 Linoleic acid n-3 18:3 Linolenic
Cyalo-oxygenase™
Archidonic acid EPA 20:5, DHA 22:6
Eicosanoids II Eicosanoids III
TXA2 (aggregtory) TXA3 (anti- aggregtory)
LB4 (inflammation) LBS5 (anti-inflammation)
PGI2 (Vasoconstrict) PGI3 (Vasoconstrict)
More clots Less clots
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CHz-o-bl-CHz-R
CH —O-C-CH,-R Triglyceride
/ »-0-C-CH,-R
ICHZ-OH )
CH-OH HO-C-CH,-R
'CH,-OH Fatty acid
Glyceraldehyde 3P
X {A Acetyle COA
Gluconeogenesis  Glycolysis / \
Citrlic Acid Acetoacetate
TCA cycle Ketone bodies
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Cis
double
bonds
Stearic acid Oleic acid Linoleic acid-
Meltng point 69°C Mclung point 13°C Mcltupgfoint =5°C
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) 5
Bagudl Jsall Cuy)
Lauric Dodccaanoic | CH3-(CH,);o- COOH 12:0 ol di <)
daaill b ey —
i — sl a
Myristic | Tetradccanoic | CHy-(CH);o- COOH 14:0 = gl oe
gl S
— ohdll 3 )
Palmitic Hexadecanoic | CHs- (CH,);4- COOH 16:0 ol B oy
Lsall Jo8 iy
Gllgall e
Cuyy —  spadll
Stearic Octadecanoic | CHs- (CH,);-COOH 18:0 = )
sl sl
B)Al)
Arachidic Eicosanoic CH;—(CH,)5s— COOH 20:0 sl Jill
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mes of Omega Fatty Acids

Omega-6

Linoleic acid Vegetable oils (corn, sunflower, safflower, soybean, cottonseed), poultry fat,
nuts, seeds

Arachidonic acid Meats, poultry, eggs (or can be made from linoleic acid)

Omega-3

Linolenic acid Qils (flaxseed, canola, walnut, wheat germ, soybean)

Nuts and seeds (butternuts, flaxseeds, walnuts, soybean kernels)
Vegetables (soybeans)

EPA and DHA Human milk

Pacific oysters and fish? (mackerel, salmon, bluefish, mullet, sablefish,
menhaden, anchovy, herring, lake trout, sardines, tuna)
(or can be made from linolenic acid)

Al fish contain some EPA and DHA; the amounts vary among species and within a species depending on such factors as diet,
season, and environment. The fish listed here except tuna provide at least 1 gram of omega-3 fatty acids in 100 grams of fish
(3.5 ounces). Tuna provides fewer omega-3 fatty acids, but because it is commonly consumed, its contribution can be significant.

© Wadsworth — Thomson Learning
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T o Jisadl) (S50 U 55500 o3g Al ilil) syl (mala Jysat ol
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.Glycolysis Ju dsjall oy auiy d8Uay cligypll aals dlsyall o34
Glaiy) an dauly a6 CDlelds sae Glycolysis A 850 (el
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OSslall Suspndl @lldg (2 ATP) 4dlall S ye (e 55a ¥ Dlgial

e 1> JIADP t55n ¥ 5hd dlee dlandsy ATP 53 ¥ g W
s JATP e @l £ 3jdudll ddae e @8l 58 10 ey el
3sSsla
e ¥zl 3jaudll Llee AU sSQATP :a ) daledll & WS Glucose

(6C) — 2 pyruvate (3C)

2 ATP+4 ADP + 2 Pi —» 2 ADP + 4 ATP (phosphorylation)
Glucose + 2 ADP + 2 Pi — 2 pyruvate + 2 ATP (Net reaction)

(DSt JSY) gy (mea to3a SINADH2 (o 7l

Glycolysis 353 <Dlels

=409 cighil) & g e WK glycolysis 5,59 padli (Say
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10860 had ATP e (53 Dlinly H5Slall (53a 5)0ud Led o
Jilas dglee s Endergonic Jeld a3l gl ala ) gz ias 8yuill Ailac g Cldas b
.Exergonic Jel& 4 ATP
Glucose + Pi + — glucose -6- phosphate + H,O (Endergonic
reaction)
AGO1 = 13.8 KJ mol-1 = 3.3 Kcal mol-1
The hydrolysis of ATP is exergonic.
ATP + H,O — ADP + Pi
AGO1 =-30.5 KJ mol-1 = -7.3 Kcal mol-1
Glucose + ATP — gluscose -6- phosphate + ADP + H20
AGO1 =13.8 (-30.5) =-16.7 Kcal mol-1 = - 4.0 Kcal mol-1
Hexokinase s ddeall o3¢y (aldll aiVly cpadlie cplelall of sy
Jel@ll 30l ATP (e Cldwsill Jail Gavadic i) of i Kinase 4
O5ShE — 50k s S & deldl sale f w3 Hexo s (Substrate)
ol 3Selall & Jelall sl € 13 Glucokinase ags) samss (ke —
ATP 23350l 365l 3] anadio s
:Isomerization :4uUl 5gladl) — ¥
Gaant (g] liugd —1— 9S8 ) cliagd =1 5eSsla disat sy ey
s deldll 1 LY jacadidl 4l Isomerization  ddee
& (C— 1) als a8 o580 50 Cua Glucosephosphate Isomerase
S dosens A LdlEal Sy aaly) deseae & Dlaugd —T- Sl
—1 = 55 e (58S Ao saan () Liansl 5y (C = 2) Y Gl (s0Sll 5)35
Calaw g8
:Phosphorylation :43G) ghal) —v

Gl =135 Jiad) ATP (e AT to3n llging duleal o3 3
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el paadidl ay¥ly uSe Jeldll 1y Cliugd il ouSoa
Al Aaas) alaxa (e abiad 25 iy 1385 Aldolase s Jelil

Isomerziation :4waldl) sghadll —o
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:lig ) lind = — anallials Jhead cile W Ll

Oxidation and phosphorylation 33usY) :dualud) 3ghal) -1

Gliwgd —V— 2aall s foial Byiud g aus) dgdac Sohadll sda & Ciaaly
s Jeliill 1) Gacadidl iVl chuds Gliug gl YY) Jsaid
aa) aay¥) 1 yimyg Glyceraldehyde -3- phosphate dehydrogenase
55l s2a Pl GUall daiall LSl Jyl 2wl Gum 35l s38 Silagi
icgane ol Al e deseae JB Gipaa SIS LaDL; (NADH2)
G n i e gana o gginall Gl g C-1 tie (iS50
) liwgd -V aaalhads e Gl AT Ji Sl Gaag g A8l Alle
NADH2 | dinals NAD+

Syl cigang Cilbusdl) As gana JAI :daglad) 5 ghail) —V

Transfer of a phosphate group:

S V) S (e baaly Gldugd degeaa Ju Sy bshadll oda
(gl s shall o3 by Cihulagiug T L) Jeail lasals sia b
) @liwgdll degena Jiw Phosphoglycerate Kinase sy assy ATP
(-30.5 KJ/mol) (ssts ATP (psSal 5all dalall o} Ladls LADP (55a
s (- 49.3 KI/mol) ssbes Chyudasingd s1a ¥ 5 ) Sy 3yall ddlally
D350 (e Aajyall 028 Ay LADP (0 ATP (g)a z WY 2jy A5 g8 1
ae @Dlgind & 43l Cun jiea sl ATP Ge @l of a3l Glycolysis
W Kt ¥ gl Alage Jia 5SS e Jse JSUATP (o 55 Y
zll ol (D S tein IS e ATP (e t53a g 35kadll 028 ilis (2 Cs)
3sSsla aly (53 e ATP Jse ¥

:Isomerization :dialil) 5gladll —A
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A8l 3 Ml (Spal dlac) 5gdadll o285 Phosphoglyceromutase
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S deail Ghudasiug - e el fgia gr del@l s B
delall 13 oy 4Bl 4 e oine 53 aSye gay cDlgyn Jsilshu
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-15.6 KJ/mol (ssbusd clpudagann Y Syl 3yall d8Ually ol yulds g o8
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sl ddlhll Sl enl e (Sya

:Transfer of a phosphate group :3,&lal) 5ghadl) -1 .

Glgyn Jsilsiugd e o Oldusdll dogane J0 oy Bshadll 028 (8
sy gyl Gasla ) g8 Jeail ATP (e (53 zls ADP Y (PEP)
&) A3l Aagl) Jav Wl 25 Pyruvate Kinase syl ddaulsy Jelil) 138
5ol 80 G el JB S, Y ) sl 50 3 pasall cmasY)
sie i ypull pada ) PEP disad Jiee Jizy cilall gine Jelatly ¥ o,
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:Glycolysis auilsadUl dayall 5 A5y syl

Glucose
(Blood)
ATP
ADP Kinase
Fractose-6-P Isomerase
(F-6-P) € Glucose-6-Phosphate
(G-6-P)

Kinase
=
]

\\*ADP
2 mole Pyruvic acid | «—
Fractose-1,6-P / 0P
(F-1,6-P)
ATP
c:; Phospho enol Pyruvate
=
Glyceraldehyde-3-P + Di (OH) acetone-P g
Isomerase
2-P-Glyceric acid
2 mole Glyceraldehyde-3-P
HP0, | NAD == NADH,
ADP ATP
1,3-P- Glyceric acid / » 3-P-Glycericacid — Muase |
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6
CHOP
KinaseA Isomerase
Lot
Gl OH F-6-P
ucose ATP

Kinase

COOH

| ADP  ATP
coP ol

I
CH,
Phospho enol pyruvate
2 mole Aldolase
HO Pyruvic acid
Inolase

(|JOOH CHO ?HZOP
I
HCOP HCOH + C=o
I
CH,0H CH,OP CH,0H
2 —P- glyceric acid Glyceraldehyde-3-P Di (OH) acetone-P
Isomerase
Mutase "
0 ‘
COOH COOP HO\l ;|> —OH (leO

| ATP ADP | |

HCOH N\ / HCOH OH  Dehydrogenase H|COH

| | NADH, &——— NAD
CH,0P CH,0P CH,0P

3 —P- glyceric acid 1,3 —P- glyceric acid 2 mole
Glyceraldehyde-3-P
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(i) Sy zud pyruvate decarboxylase apil syl aes
NADH S5e 35a5 3 2] (pal JIa) diasg bl s5ladd) 3 W
.alcohol dehydrogenase sy dauls

1 e dial ) gl Jgaty Llsg) Cig B & - Y

05 0 gl gl (meal el Sladl g bl 1 e
P opd dimd S5e ) @byl Jsaiy caa glycolysis 413U sausY)
Ll s 3 JSu S0 0 ialen) 850 ) ys pdlia 3y (6
8yl 028 Cilghadl maia s b Lady clyjiaall (mes 350

:Citric acid &y iud) Gaala 3,93 ol TCA 399 el

L Jaxns (Aerobic conditions) sl agyla 4 syl oda o
s e iy (Glycolysis) ddisad) cagylall e bl @by pull adla
Citric ) el (s 5y50 DA (e Alag sle ¢snSl 2] 6 da syl
Jsl ) G Kreb’s cycle Jie (5 )a) aaili ¢ laud 3y5a0) o3¢d of WS .acid)
et X (V407 i syl e Jualall) Hans Krebs o) cadi€e
Tri-Carboxylic Acid cycle (TCA) JuSs &l 4 Lalaa¥) 350
M e gt byl oda DA (e Aailll (mleal) sy of ) A
S5 S aralaa

32.8YL Glycolysis 850 (e gl iyl Joariy Adilsell Cagpkall 4
830 s ¢l S ey 508l 380 3 ) Citric acid 50 DA o
CH3-C=0) Acetyl group) Jiw¥) dcgaaay CO, A clidgpull [mala
ail S did ) Jeid (CO enzyme-A  COA) a hLiip Al
iy, chiull aes 350 Acetyl — COA Jay & .(Acetyl-COA) A
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(2C) Acetyl group 4csaas i a Citric acid 550 Glsha J sl
dlee @l agy 2 (6C) ipindl asla ol S0 (4C) Qi LSl aa
iy 3aS) Blilae s CO, Gligia lasd &5 45 Siall &l il Isomerization
elyligh a€ Wl S o< S Oxidative decarboxylation dalaall oda
JeSiudiy «(4C) @il pasla (3681 CO, i aw 30uS) sl & (5C)
gl 3ae PR GlinSull (e (g A Bpa Gl slLuS Y 2 Tl 3 50l)

A sglad JS AN 8 LS clsha sae (e Citric acid 8y s
G WS sl Blels e ple L clsha ay) Gl an sacluey
cOlel@l el A NAD' s auSsall Jalally Y) 509 50V 530 cilghall
FAD asis ob V9 a8y s5dadll 8 Caasy 385 (V) 509 50V 590) 4
ALy et VA ol Bghadll 8 i AN ol 8y auShall Jalall o
LSy GTP J 344l Guanosine diphosphate) GDP) Jsaiy Cua 43Ul
Aig ) sacldll g A Al ae ATP SHdl dglie GTP (6 Cagyna 52
Adenine ;U Gl Jasis G Las

A S Jied Y gyl aala Jysa 1Yl
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Pyruvate e ol alai dauly o5SU asl 65 (Acetyl — CoA)
A S o @bl gaal < SH 4c sans 22434 «dehydrogenase complex
(CH3-C=0-S-CoA) DA (e Jit¥) degane Lld)l &usyg (CoA)
pasa Jigaily .CoA-SH He)lb Jeldlll dlalaa & CoA  ap 13y
Pyruvate eyl diaall dbadleg A S Judd ) cldgsull
JrSnf desaan g3 e 328 Zke i Dehydrogenase
& WS dg il e COy s3> 2885 Decarboxylation Oxidative !
Al ddaladll
Pyruvate + CoA-SH + NAD+ — Acetyl-CoA + CO, + NADH,

1l i) (laaa 3y 9a &ifgdad Ll

Uiged e gana 2ilial ) Olase (TCA) ciind] (imels 353 (pariai
e hal (4C) L&Y pada ) ( Acetyl-CoA) (20)
CrsSa Bale) lgd oy Al Asyally CO; o) ¥ o288 el aiiyg (6C) il
(oA ye i JLS Y mala

Formation of Citric <l (acla (680 yhie 40l sgdadll -V Y
:acid

oo A S i) el e il gmila (6 S sshall o3
ail dmg b lly il Gmds o Cua i LS Gads
.CoA-SH 5,35 Citrate synthetase

G i) s doat e dallly Lde BN oEgsl —)Y
Formation of Iso-citric acid <lijius ¥l Laela

[somerization i Aconitase il ayi) ashy sshadll s2a Ay
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Al Jelil 1 gy i) Gmela Y J Cus i) (malal
Akontic s (Jaws S S dhiall (amda e sle (o3 g adY)
saala <l Akontic acid (J) A ix sl g3 ALl A acid
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W Gads peS o yde Awalddly pdie ARl iighsll -V ¢
Formation of o—Ketoglutaric acidel )t sla 51

Blee o (ol JmS50S depene g3 o 52l dlee 5 55kall 028
Wl aela ) Jsaid [so-citrate (aelal Oxidative decarboxylation
Acgene g3 ae 2] Jelis Jyl ,dimy 1385 CO; 153 gasd ae Slplisha s
[so-citrate ) dalasll o3¢y astyy Citric acid cycle A Jul g <
oaela 5S4 lgie IV ilage e Jelall s S35 dehydrogenase
ALS) Gasls 0 €Oy t53n g5 & linSa SILsS) Gaala ) i)
il Sy delal a4 o) Baadly elligla oS W) eadla oSl el
ATP s ¥ 2 2y ol JNAD e 58 cua NADH2 (s t53a Jsl
ATP g ¥ sy NADH2 i OS o) Gas (OsSslall dual e 1)
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A:Succinyl CoA £ i€l (680 1 ke daglll 35hadll —Vo
Formation of

zooaes sl Pl CO, g3 ae 3] Alee 36 2 sshadll 28 g
Succinyl-) A & Jinsa S Sligagi€ WY (aels e CO; 532
TS ATP @l ¥ =) NAD ¢ NADH2 tgia (0sS <lliS . (CoA
a-Ketoglutarate dehydrogenase a3l asiys (HsSslall Jual (o Glisia
delal) 13 alaly complex
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Formation of :cliwSull Gaala (s pdie 4l sghadll =31
:succinic acid

sl 35y & CoA JiwSull ge CoA-SH Juaiy sshadll oda 8
Bind e (a3 gl Gali by b€l (mels (5858 Tnolase asils
Succinyle-CoA  ay) asshs GTP 48Ul S 584 GDP Syl
GTP hr il 850l & aagl) Jelal) 13a . Jel@ll 13 ¢)al synthetase
Al a5yl LAY Alasd gy 4elaiind (Sayy

Formation of :¢lylasull mals  (n6<8 1 jde daulil) 3ghadll —VYV
Fumaric acid

s lplagdll Gadla Y il Gadls 30S) 25 ssladl) o3a b
FAD a3V oslaall ba Jixny Succinate dehydrogenase a3
Jday il FADH, J Jsais electron acceptor  <olip fSDU JasiaaS
Jual (0 ATP @liia ¢ <ug) ATP a0 ¥ (amd 9 5K Jail) 30
i FAD (e Yu NAD V) gslaall Jiny 2 (S5l
Vol S SN i 3y50 Jiy 3 NADH, ) Jsaiys <l 5SBU
sy Ala iy (OsSshal) dual ge ATP @l 1 osSis)  ATP 55a
disad gl e Al sghadll 8 5yl dglee 2BV NAD eV (sladll
.GTP 43l Sy J GDP Sy

:Formation of Maliec acid:clilall s (06Si 20y g pdal) 3gladll =Y A

P HyO o) 4dlaal &4y Cus Inolase aypi) Aol 3eladll oda o
L) iaels ) Jpai el sl (malad Ky 3l Al
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:Regeneration of oxaloacetic acid

Jelid) 13 Caliars @il LS Y1 Gadla ) i) Gala 30u8)
38 il asiss (ATP tsia ¥ z) NADH, ) NAD+ o toia Il
oada gl S 1w ey Malate dehydrogenease apnl Jelil
Acetyl- e 23 () ae Jeldll) osSiall Oxaloacetic acid - el siLas 5Y)
~aaa o Citric acid ) 350 JlSinY CoA

2 mole Dehydrogenase Decarboxylase CoA- SH
Pyruvic acid ~ \ Acetyl CoA
€0,

NAD NADH,

Oxal acetic| + 1,0

Citric acid

Inolase
-H,0
NADH, 2

Akontic acid

Dehydrogenase

Inolase

Malic acid SHO

+ HO
Iso-citric acid
Fumaric acid - Citric acid cycle.

NADH, - Krebs cyc]e, NAD Dehydrogenase

- Tri-Carboxylic Acid cycle.
- TCA cycle NADH,

Succinic acid Oxal succinic

+ Hzo Decarboxylase

Co.

NADH, )
Succinyl CoA . -Keto glutaric
CoA- SH Decarboxylase
NAD
Dehydrogenase
€0,
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: Aerobic condition ased) dayall o Al syl
0
C

H FHJ
Dehydrogenase Decarboxylase ~ CoASH Ovalaceic 4 OH

— T : , (=0 Acetyl CoA

/ N\ \ ‘sc \ Gh-coon M
oV MR 0 \
) 0—C" COOH
- CH, _COOH
2 mole
Pyruvie acid HO —C -CO0H
|
CH, ~CO0H
o —C00H  +qon Ch, — COOH Citrie acid
[ ]
CH— COoH Blse e §— CooH Inolsse
NAD o o
Fumaric acid Malic acid 10 @
Dehydrogenase
(000
CH, —COOH ¢ — COOH
\ Succinic acid NADH, Akonticacid ||
—COOH CH—CO0H

+HOH
Tnolase
Tnolase| *HOH

‘CH: CO0H
CH, —CO0H Tso-citric acid  CH— COOH
3 |

CH, Succinyl CoA HOCH — COOH

\
0= —CoA

NADH,
NADH,
(0, Dehydrogenase
: \ NAD CH —CO0H CH,— COOH D
(ot S # CH 00

Decarboxylase Delydrogenase Decarboxylase

H ~CO0H :c — 00K
-Keto glutaric

Oxal succinic
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ATP | ATP
_____ Jse) | Glucose —  Glucose -6- 3
Phosphate.
_____ Jse) | Fructose -6- phosphate — v ag,lall
Fructose -1,6- phosphate. Lol
dsa 1| ——— Glyceraldehyde-3-P — 1,3 1 A ]
—P— glyceric acid s3> ¥ (iillzce)lr}cl)i@lisc
dsa ¥ | ——— 1,3 —P— glyceric acid — 3 Y conditions
—P— glyceric acid sy ¥
dsa ¥ | —— Phospho enol pyruvate — Ve
Pyruvic acid ) ¥
dse 1| ———- Pyruvic acid —  Acetyl X
CoA s ¥ Lslsell Cag
dsa 1| ——— Iso-citric acid — Oxal yo TCA cycle
succinic s ¥ Aerobic
Jsa V| ————— a-Keto glutaric — Succinyl VA conditions
CoAcn ¥
Jdsa % | ———- Succinic acid — Fumaric 14
acid ¢sa ¥
Jga V| ———— Malic acid — Oxal acetic Y AR
s
Jse £4 Jse ¥ & sanall

= TCA ; Glycolysis )5 (e daalll ATP I 4ileall dlasall 13
i ailh Jelss ol 3 ATP Jsio xic ail Ly LATP Jse YA = Y — £
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s S YAV it sl a8 5585l cn e 2als (m i

ot = YAV [IYVY = 5ol saus (e Aaslil) A8lal) 5006 1)
Blhll jaaas cpa gGlall Al Jiail)
:Bioenergetics of glycogen as an energy source

iy Qs aall (A Slall (e (Rl die pasSilall s
aulsy cpasSlall o Ly L3Sl il Wl aadl s Silall
O OsSelall Alulud ddtiadl Gleydil) o HsSslall 8w (e Dilasy Jladl
¢ua Glycogen Phosphorylase asy) ddauls elldy Ay el Sbilgdl
POl g — T S glall e Claag asy

S Alpail Dl Al ) 5Sslal e 50 ST s Slall inyg
aryl daulgys H3POy) ) (oaee lind ddanlsy Glucose -1- phosphate
Glucose -1- 132 Mutase a3 2589 4 & .Glycogen Phosphorylase
a0l 350l & Jay Glucose -6- phosphate ) Js=% phosphate
AP ATP Jse aaly g 2y Jalls TCA dilsed) 5y &5 Glycolysis
Glucose -6- liwg —T— HSda J) Glucose HsSoall Jygail

basa &8 ey e Glycolysis adlsel) 550l 44l & phosphate

Jse YA Galy ATP Jse T3 oasSilall 53l Jial) (e daslil) 43Ul
ATP

—Y.-



Il Sl - 28Ul ALlall ol

CH,OH CH,OH CH,OH
Glycogen
O

n

H;PO, l Glycogen Phosphorylase

CH,OH
O—~P Glucose-1-P
J( Mutase
CH,O~P

Ol o Gracoscor
Glycolysis = 8_ 92

+ 9 mole ATP l

+ 30 mole ATP

bisall clipall A AWl gy chuagsl S50 S ()

(Ruminants)

dall @l daulsy (3SN & chang KU Jial Sl Ul iy
(Volatile Fatty sldall duaall (alea¥) sa (GiSU 1ysliy <o) dadal
SST s csginall Cilifpaall A8l jacae (mleal) sda iy Acids, VFA)
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Acetic acid)) tind) (mala s (BRI 3 Al gLkl dgaall Galead)
gyl Gaela Loafs A2l Calall dlge e L35l die by 13a ziy
33l Calall alge e dudaall vie luisngll 13 &, (Propionic acid)
Buteric acid)) ¢hiisall Gasla loaf daiiall 3)bhall dusall (aleal) (g

el Gmala e L) ST eliign s lianl) Grmalall (e DS iy

CH,
(1, (H
Chy CH, C‘Hz
COOH COOR COOR
Acefic acid Propionic acid Buteric acid
C2:0 C3:(] C4:0

(yigally gyl ctisnl) WSS Bl Ll dgad) (alall e ]
teY) lgle o A A 2y ) Jhal dle 8 Ll U3
Al Sy e sgia ¥ o2 DGR aaall (aelall Ly a3h 4ol
.COASH 2525 ;45 ATP
Acetyl CoA I ATP b akarisi axy Lkl sl caelaldl Jysad
A 2y TCA N3y & Jay osSiall Acetyl CoA ) 1as
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& Bl el (Acetic acid, C2:0)  chd) (oasla 1Y

15 fimall il gaal)

Sl aall gl Al L asase (C2:0) chnd) el
s Voo adasdil e Y (sl 138 (e &8 LYy Peripheral blood
Acetyl CoA zin CoASH mpy) (slas 35a9 A5 ATP a8Uall (S )a (40

CH3

Mu\ Ctb}! TCA J\ 'EJ}J @ d:l,} y}.lg LSJ‘

CoASH i

COOH

Acetic acid

C=0 Acetyl CoA
~ \ |
H,0

ATP AMP

SCoA
L2ATP :

Oxal acetic| + H,0

Oxal acetic Citric acid

Inolase
NADH HO
S 13ATP
NAD . .
Akontic acid
Dehydrogenase

Inolase

Malic acid +H0
+ H0
Iso-citric acid
Fumaric acid +3ATP - Citric acid cycle.

NADH, ™ - Krebs cycle.

+3 ATP
\ Dehydrogenase

- Tri-Carboxylic Acid cycle. NAD
NAD - TCA cycle NADH,
Dehydrogenase
Succinic acid Oxal succinic

+3ATP
\{ZO \ Decarboxylase
NADH, €0,

u-Keto glutaric
Decarboxylase

Dehydrogenase

Succinyl CoA

co,
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ATP J) cNga 2o 5ghall a3,

(-) Aslginsall (+) Al Step No.
Yy | \
_____ v °
————— Y v
————— Y q
————— Y Ve

Algine ATP Jse ¥ &l ATP Jsa ) Y £ sandl

sasla (e oegin ol Jse aaly Ji (e daill) ATP D) Vs 22
ATP Jse Vo=Y1Y = clild)
YY,0 lajliia sya dills w4l Jelss i 4 ATP Jsda 2ie 4l Loy

NOPENIPS
=YY,0x) o= lyad Al miy i) (asla (e Jse aaly Jia e
.d).;)l:\ST'T'O

Jsn LS AV miy jeaall day (8 Glinl) Gadls (e Jse 2aly §a ic
=V eexAVe YYo= dhull amda Jia e dxill)l AUl sel

%A, ¥
& Al juas (Propionic acid, C3:0 ) @ligngnll pasla (Gl
15 i) il gall

Peripheral byl aall 3 J8 4ty asasa (C5:0) cliigngyll (s
Sl Jiall s .Portal blood sas) aal) A Adle dausy 352005 blood
el Al b U Y sasl) aally (Sl a8 i ) el
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2 sl aall Ly (ATPY e Jse VA) Gaslall elld Jis e iy
(ATPY (e Jsa VV) pasclall s e

tbdd) adll & diigug ) (aalad A0 il -

Al mlny Wile alfia any Al ) daa cligngsll asla alaee

Sl ) Gl g 2SI ) cuad i dligngdl Gaela (e AL G
Jiall ke gl o Cun sl a8 Aaall (aleal) (e dadlil) Gl
O 2 i€y (el ) dligngl) aala Jons Alall o3a 8y I3l
350 A JAy o Al Acetyl CoA ) & eldgym pads ) 3)50
Sl adll 8 adall I Jia e a8l Y TCA) ) Kripp’s
(ATPY e Jsa VA)

- 2 mole A'TP

- 1 mole A TP

-+ 3 mole A TP

—+ 12 mole ATP
+ CO, + HL,O

1 mole Propionic acid

ATP
ANMP. CoASH

Propionyl - CoA

ATP
-~ ADP - co,
Carboxylase

Succin vl - CoA
I z\sch\ H,oO
Succinic acid
NAD

Fumaric acid

l|1olzasch HoO

M alic acid

Decarboxylase
o,

I.actic acid

NAD
NADI, Dehydrogenase

-
NAD
- NADH, Dehydrogenase
CoASH

Acetyl CoA

—Ylo—

Dehydrogenase

Step
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HOH
‘ / i Carboxylase i / / 0 Dehydrogenase o
N TN TN
‘ ATP AMP ‘ ATP ADP ‘ ‘ NAD NADH, H
ks §CoA (0 CO0H COOH
Propionic acid L
2 moles
: 2 moles 2 moles
-y §CoA
PropionyCod Succinic acid Fumaric acid
2 moles
Suceinyl-CoA
Inolase
HOH/
+30 mole ATP
:%f COO0H
1
+Hy ‘
CHOH
Glyeolysis CO0H
COOH 2 moles
18ATP ‘ Malie acid
CH, (H,
SATP PR Abp 0 NADH,
‘ AP ‘ \AD
b dld COOH ¢ / COOH « /
(‘)H Glyoolysis 3 ypes D ) moles Dehydrogenase
Glucose Pyrove acd Oxal acetic
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Yy | )
| I Y
————— Y :
————— Y v
————— Y A
————— VY q
Al ATP Jge ¥ &l ATP Jsa ¥ § sanall
e s 3l Jse aals Jia (e daall) 48l ATP D eV 2
ATP Jse YA =¥ =Y = (s p3) iigngsll (adla
YY,0 lajaie by il min s Jelis of 4 ATP o e af Ly
NSPTNIAES

s il iy (il a3 dlignd) Gmals e Jse aly i i
Jsa sl 10T =YY ox) A=

Ve miy el daay (B dligngsll Gasls (e Jse aals @ ey
NSFTNIPES

[ Y = (Sd a) iyl Gaala Jia e dadll) G sels
% £¥, 0¥ =V 0 XY Eas
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s & Glycolysis 1 550 b dan ¥ 385l U Jal Cum 2SI
G Ll pmalall Iy Jid e g A8l 2y (TCA) Kripp’s 89
igugll Gads e Jse IS (ATPD (e Jse VY) sl sl

2 moles of Propionic acid

ATP

-4 mole ATP AMP. CoASH

Propionyl - CoA

ATP \\\

-2 mole ATP «———— ADPe—_ = CO,

Carboxylase

Succinyl - CoA

Inolase \ H.,O

2
v

Succinic acid

NAD

Dehydrogenase
+ 6 mole ATP - NADH2 - Y &

v
Fumaric acid

Inolase \ H,O

v

Maliec acid

NAD
Dehydrogenase
+ 6 mole ATP <«—— NADH, Y 2

y

A
Oxal Acetic
ATP
N

Decarboxylase
-2 mole ATP <«——————— ADP<\_/\ co
2

Pyruvic acid

- 8 mole ATP -— Glycolysis 1 @ Step 8
v
Glucose
+ 8 mole ATP Glycolysis

+ 30 mole ATP
+ CO, + H,O

H 0000000006

-YUA-



Il Qi - 28U ALlall ysal

HO‘

| o | | | |
/ o Carboxylase // o o Dehydrogenase o
TN TN TN
‘ AP AMP ‘ AP ADP ‘ ‘ NAD __ NADH, H
- N i i h i
ks §CoA 0 CO0H CO0H
Propionic acid ‘
2 moles
2 moles 2 moles
ionvl- §CoA
PropionyCod Succinic acid Fumaric acid
2 moles
Succinyl-CoA
Tnolase
HOH/
+30 mole ATP
0 COOH
)
tHyo ‘
CH,
CHOH
Glycolysis COOH
COOH 2 moles
+§ ATP ‘ Maliec acid
6 CH, (H,
o SATP | AP | NADH
! ' = O (0 :
. | \ \ATP | )
v 0 ¢ mmu COOH ¢ / COOH
(‘)H Glycolysis ) P T ) males Delydrogense
Glcose Pyruvic acid Oxal acetic
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Jsa¥ Bawsi gl A8 Jhai) (e Al A< ABUAY Gl :(Y4) ady Jgan
(gl pdll) ismgll pasla (e

ATP J) ¢ e 23 skl o,
(-) Aslgional (+) A Step No.

S \

A \
_____ 1 ¢
————— 1 1

o T %

A A
————— A q
————— Y. Vo

Higiue ATP Jse )1 U ATP Jse 0+ & sandl

Oesin Vool dse ¥ i e Al ALl ATP I c¥se 2xe —
ATP Jse Y8 =11 =00 = (a5 a9) syl paela

BYREENPIRITS'N o Use aaly Jia e 4ol A8IATP 3 cVe a2
ATP Jsa VY = ¥ [ ¥E = (s p) gy (s

YY,0 lajliia sya dills zin ailh Jelss i 4 ATP Jsda 2ie 4l Ly

NEPENIITN

= layad Al =3 (s p) iisngpll pasls e Jse 2aly Jia die
Jss S 0740 =YY ox\V
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% ¢ ~,'1/\ =Yev XY ~/°'1q’°
+5_saall iUl gaad) L“s& FEBA] Jaas (Buteric acid) &t gl (aala S EIG
Jicus .Peripheral blood Slpdll aall (& sgase yiisull (asla
Ayl sl LATP I e Je Y0 dlyipnll 138 e iy aual) b Ll
Beta hydroxy ) wl ¢liisn oS m i ) ol S0 L o)g e o L
) AU ) A el gy oS5 Hua Ll w23y Cus Buteric acid)
OSls gl Gmala al @il (mela (e Blal) LY Aledl) 5ysall
.Beta hydroxy Buteric acid ! ¢lyiign oS 0 Uy &

1 mole buteric acid
ATP

-2 mole ATP AMP. CoASH

Butyryl -CoA
FAD

+ 2 mole ATP - 0000 FADH, -__________J)] DPshydrogenase

Crotonyl —-CoA

Inolase \ H,O

£ 4
Hydroxy butyryl -CoA
NAD

+ 3 mole ATP NADH Dechydrogenase
3 - b, ~—

Aceto acetyl —-CoA
Inolase i“zo

CoASH

Aceto acetic acid
NADH,

Hydrogenase
-3 mole ATP -~ NAD yaros

Beta Hydroxy buteric acid

NAD

+ 3 mole ATP -— NADH, Dehydrogenase
Aceto acetic acid

ATP
- 2 mole ATP - AMP

CoASH
Aceto acetyl -CoA

h\ CoASH

2 moles of acetyl —-CoA
e
+ CO, + H,O

-YV\—-

HOO A0 0000 ¢




48lal) Alels Ssall 380 Jiail

cn,

CH, CH, CH, CH,
CoA-SH HOH
\ won | | \
CHz CH; Dehydrogenase CH Inolase CHOH Dehydrogenase Cc=0
\ \ | | R
CH, ATP AP CH, FAD FADH, CH CH, NAD NADH, CH,
COOH T=0 T=0 T=0 ({‘=0
1 mole SCoA SCoA SCoA i i
Buteric acid
Butyryl -CoA Crotonyl -CoA Hydroxy- Aceto-
butyryl -CoA Acetyl -CoA
Inolase
HOH
2 moles of acetyl -CoA CoA-SH
CH, CH, CH,
| | +24 mole ATP \
cco t co0 — +Co, Cc=0
\ | +Ho \
SCoA SCoA (‘?Hz
COOH
Aceto-
acetic acid
CH, CH,
AMP (‘?—O NADHZ HLOH NAD
CoA-SH CoA-SH ATP ‘ o NAD ‘ NADH2
/ CH, / CH, /
Tnolase Dehydrogenase ‘ Hydrogenase
SCoA HOH COOH COOH

Aceto Acetyl -CoA

Aceto acetic acid

Beta-hydroxy buteric acid

aaly Bamst o A3 Jhail) e Apslil) 408 A8UaY Giluaa $(Y4) A8y Jgaa

gl aala e Jsa

ATP J) <Nga 22 skl b,
() Aslgioall (+) Asu Step No.
2 \
————— Y Y
————— Y ¢
N 1
————— Y v
y | A
————— \F ¥
lgise ATP Jse ¥ = ATP Jse Y £ sandl
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e alg egia o Jse aaly Jiia o daall) 45l ATP JI ci¥se axe
ATP Jse Yo=YV =YY = chyiignll adla
YY,0 lajhie by il zin 4ld Jelis of 3 ATP Jodo xie 4l Ly

ds> SIS

=YY, oxYo=la,d 48l iy ehigll pacls o Jge aaly Jia e
Jes LS AYY,0

S Y iy el R b sl Gaela e Jse aly Ga ey
s

=V oo XY u o [AYY 0= dhyionll (aela JA (e dailll Al 5 1S 1)
% £Y,AA

tadl OIS A Jala eSalad) Sl g AT s

Gl o ol SN s Jah 55Sslall G Ll bl i
e 4ilsed) 32.Y15 Glycolysis alsadd) 32uSY) 550 DA (e dilall &Ly
“hlaall amy s adl YY) Citric acid cycle @l aea 350 Sl
Caillasl ey ALl ULl aea JAb G0N S LSl 8 0 6580
tlaall 028 abl (hag Aalgll Ayl

AN )5S slall Jgas

e e Joal (Fally GubpSilly dpadlly Guall) Clpdil) dadl ey
PN Aolaall (3 ey LS 558 S ) OsSslall S
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S
'f CHOH LI“]—]:.OH
H— C—0OH H—C—0OH Co=i
| AMose | Polyal |
HO ' H U s Hi C H dehydrogsnase H i H
| o P
]—]—li'“—n}[ NAD‘pH_ﬂa'l ]—]—IT"—L)[—[ MADE | H—C—0OH
@.

H— C—OH NADP® o C o oH NADH, B H— C— OH
| | |
CH.OH CH_OH CH_ O

CGlucoss Sorbitol Fructoss

Oigha o Jo il 13 K

OsSslall Jisa) e Aldose reductase agyl damy (J5Y) sshall b
NADPH S 3525 & g Jsinysn

sausl e Polyol dehydrogenase axl dasy dglll sghasll & L
NAD e 25a5 (8 555858 ) Jsiysudl

el Al CSpe iy A KA MaeY) juas sludd) s Jiayg
Agial DAL

Sl imge b LS alall sl e 55Solall ciliginn 304y Alls
Pl Glld dgang lusall 138 e Ax3BN J iy gad) A 2133

syl blis sy e J8 Polyol dehydrogenase apy) Lalis dayn of
Jsiysad) &S5 ) 2% L Aldose reductase

Lo WAD (gh50n) oaall i Jginyoudl 35y 4580 4052V
bl Ao Aledl b Ugr Len gl e iy iy qanl (52
O e gl odgd KUl mpe et judy \ag Cataracts el e o8)350
ol dde JSLie

pentose :(Amledll) Gliwgdign Gl<a Al Jaal e
phosphate pathway

glycolytic pathway ,lue Jiy 3 3sSslall abiedl aaa Jaze S
oan b @y aa (TCA 350 P e 52uSY) 8 Glingd=1= 5 lag
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pentose Asleall ISl Hlue 55 Al (Gl adgr ldud—1— 3Ssla
tAalide liand sae 4l 5AY) L) 1aay 4aal ST pathway

The phosphogluconate pathway, or the hexose nonphosphate
pathway or the pentose shunt.

Aaul) an s Ll el gl pladie A il leas
duaadndl

b e Aled S ol g8 @b dued @ld Gl ) Yl
ATP, NAD+, FAD ans Jie Glayy) (88 Gams DNA, RNA (s
bone aUsall LA 4 Jie dagye WAL Lealiag @liyiall s3a co enz A
.intestinal mucosa ¢xeY) 1)< s Aall cmarrow

Gagall JEAY) clelsn Labiag ) (Jxsal) NADPH gl <G
GrsSi cDleliy Judll eV Ly ) aalll il e ) dleals
O WLy Al aaally bl Aaadly 2l 4 dgaall (mleal)
s )] ligaselly g s oS

el g laall Jad ey (3 ()5l a Y JI5aY NADPH ) # sy
$28Y) Gali 4 The prime defenses

: Two components: aisSa ) iaill ojluag jgill )93 andts

Jss JANADPH s ¥ #ius Oxidative component wSsa (5 s8a
bl sf 3yl Jany Colin i1 35Sl

alay 2Sall (Al mile Cus nonoxidative phase wSie je (s
Pl g1 eSgla ) g s daphais

:Pentose phosphate pathway lawsd jall L

Oo all 4 aan lly Al e 5sSslall S bl aal o
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Gl Aty Ay 2l Aal) daadlly eheal) pall IS LA Jie LA
Db iy W SSelal alad aw Jae S aey L odieadlls
550 DA (e 3208V gy ilind—T— jsaslaS glycolytic pathway
Dbe 0535 (Al Grlay pagy i 1= 35Sla Gans b b aay (TCA
sac 4l Al Hladl) 13as Zual ST pentose pathway dpsleddl <<l

1dalide liaua

The posphogluconate pathway, or The hexose mono phosphoate
pathway, or The pentose shunt.

Uy A baS Laal Lagd plala glaiie 4l (Gsid) Hlae) hlsdl) oa
enar] daradidl dad)

GIE) gsS Gl Gaed e ggind ) LalaY) Sl ) -
Aalgdl Aygall LS Hall pany o by 3 Ja Ll 8 gl 2 s (Apaledl
Glysall s2as .DNA , RNA , Co enzyme A , FAD, NAD, ATP Jiw
bone slaaYl 3sSuas alall 5 sagasall Gl Fio salll Zagps LA Lgalias
.marrow, intestinal mucosa

sl eyl 8 Wy JAn iy NADPH @lys z) —Y
: Jie 4y gaal

Al aaadly Aelial) Aas¥ly Akl 5 Ggan dyiaal) (mlaaly) Galas

A g ) Cligayedls SV N g J s il Sl salas —o

-l Sl (psaidal) (Gulas —#

Jladll 3l GaaY) Glia (e bl Gl (e Aaaal) dylea —a

Al WA Ualy Brythrocytes sheall adll ¢S (gt Cus —a
oo 3SY L Qaliny k) e dlle @3Sl The cells of the cornea
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a variety of oxygen (pauSY) 3)led o 3l Jea¥) e cle g DA
glaall i jimy o3 oeflgdall JaY NADPH ) #UGady redicals
Ayl (ali e The prime defenses il

i gl e adas

Glucose — 6 — P musgyngn Gling =1 H<all ay)  yoiay
aSaill 2y Ll Slua) ) 3y5al) s3¢d wluY) ~Uadll s dehydrogenase
alaits iy NADP (Se5 calsnc) (sa b o aniy) 138 Ll b
NADPH ikl

tofisha () 3)sall 028 audli dale ddiayg

=1 5sSshall Jsad g iy :Oxidative phase iy Jds¥) 5shall
CSye e osera ¥ osshall oda (e g Gldugd —0 Gelen, ) Gliud
bl JAyy Bli =1 5 Sl Jse JSINADPH

Jstsall Jsad L s :Non oxidative phase oewis 4slil) 35kl
Glisgd =1 5588 glycolysis 850 & Ay Dby ) Gliugd -0
(liasd =7 aaall sl
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Pentose Phosphate pathrray

Fifucose—G-pRhosphate
A Ay Py,
NADP R

LII

=il

& -Phosphogluco nola ctone

=]

A

Gfuconroefactonase

_Il‘g e[

NADE b -
AL e g =
cOx
rRibulose-S-phosphate rMon-—oxidatwe phasae
-
Frsomerasse /‘ Tpimerase
Ribose-S-phosphate =yiuk B H

/
/
||||
!

P

Glyceraldehyde 2-phosphate sSedoheptulose 7F-phosphate

Fransalfdofase

ol +

Glycaralde hyde 3 -phosphate + Fructose 6-phosphate
- -
- -
Grfrcofesis Grfrcofyrsis

:Oxidative phase 5% dla yal)

S = T CSe ) Gliug = 1 SGlal ausl ey 1 dsY) 3shal
Glucose 6 — phosphate — ay Aaulss <y g o<V (Sla
.NADP 23555 45 dehydrogenase (G6PDH)

Clivgd gl Jlue b i)l edatll adgdl o sshadll sda i
(G6PDH) a3l daniti e 35kl udis (e ilill NADPH (S e Jary Cus
i Gl Hlaad A aglanll (e g sl Caaat sshaall oda off Hlie) (Sag

Sl Al Jidaall e Gluconolactase s Jazy Lady 140l 35kadl)
WSSl = 1 el Sl il 05 (Sl s
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6 — Phosphogluconate dehydrogenaseasy) Josy lgads :23IEN 54kl
shdll e il sl SWll JuSnS degenne i Aignaae 3aus] dlec
NADP (3o ) s gl zt) s 5shaall oda oeilis (disSola shuugd— 1) Al
O3S Sl i o gy i — 0 gl puladll Sy

< (Oxidative phase) Js¥) dlajall dileal) dleasal) b Joill (Says
Geoen ¥zl OpS asl By oled JSu U olandl S 3aus]
.NADP £

MNo o>l cdoative O icdcatiwe
Prhase rhase
r 1 I
Glucose 6 phosphate

2 GSH

™LA D P
glutathione
reductase
LA D P GSSG

Transkertolase, Fatty acids,

aaaaaa Idolase S-Phosphogliucomnate
terols, etc.
NADP =
reductive
- NADPH biosynmnthesis
=

Precursors

ibulose S-phosphate

!

Ribose S—-phosphate

Mucleotides, coenzymes,
DA, RIMNAC

The reactions of the oxidative phase of the pentose pathway are
catalyzed by cytosolic enzymes
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HCOH
HCOH
el
HOCH
ndon Glucose
6-phosphate

H

CHzOPO%™

MNADP *

glucose &-phosphate (., g2+

dehydrogenase

NADPH + H™*

HOCH by
6-Phospho-
glucono-S-lactone

0
I

CHL,OPOZ™

lactonase :]20
Mgt

% A~

HOCH 6-Phospho-
gluconate

HCOH

CHZOPO3™
NADP*

6-phosphogluconate [ Mg®*
dehydrogenase NADPH + H™

CO,
CHOH

=i}

HCOH o-Ribulose
HCOH S5-phosphate

CH-OPOZ™

isomerase

phosphopentose ‘] |'

CHO
HCOH
HCOH
HéOH

o-Ribose
5-phosphate

CH.OPO3™
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Oxidative Stage of Pentose phosphate pathway

s b S
SO = P S

e s<
s5C 3c7_j
5C =2C

Sc S 4c>—<6c
[ =y - P -

So, with an input of 6 molecules of 5 carbon sugars, the yield is 5 molecules of 6 carbon

sugar.

The reactions that are catalyzed by the transaldolase and transketolase should look pretty
familiar based on what we have discussed already.

The transketolase utilizes a TPP cofactor to transfer 2 carbon units, while the transaldolase
functions much as the type I aldolase that cleaves fructose 1,6 bisphosphate. It transfers 3

carbon units.
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The transketolase mechanism is shown below--

The transaldolase mechanism is shown below

H
104=C—H
n—L—0—H
1
H— - OH
o Y SR
s H—_—0H
H—c 1
| OH NP2
H—C—0H "
1 i
i A
P - p—_—
gl Uiy ¥
4
FaAD
e
CHLOH - CHOH
[ 1 M1
LyS —pM= ~—p—  LYS —p—C
1 _ "
HO—C—H HO—{—H
-
/"
.-‘ i
% - o CHLOH
L - H F-U R | % 7E
_.'._ T + 1 . 1 ™IS e
e == L¥E —N—C { LYS5-NIig =0
| T H i N . i
H AR - Hi—_—H i s
I : LN
GAP I :I: ! i G i
H—o—0H I——_I.—.' H
L el FaP CHLOPC

The reactions of the oxidative phase of the pentose pathway are
catalyzed by cytosolic enzymes.
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glucose 6-phosphate
dehydrogenase

Glucose
&e-phosphate

&6-Phospho-
glucono-S-lactomne

CH 2 OPOZ~

lactonase
Mg

Hi, O
2z

% A
T

HCOH
HOCH

HCOH

HCOH

&-Phospho-
gluconate

CH 2 OPO 3™

NADP ™

S-phosphogluconate [ MgZ®™

dehydrogenase

NADPH + H™
A0

CH2OH
=y

HCOH
HCOH

o-Ribulose
S-phosphate

CHLOPO 3™

prhosphopentose
isomerase

1l

CIHO
Hl‘!ﬂl—f
HCOH
HéOH

o-Ribose
S-phosphate

CHOPO3I™

The nonoxidative, or carbon shuffling, phase of the pentose pathway
consists of a series of rearrangements of 3, 4, 5, 6 and 7 carbon sugars through
which 6 molecules of ribulose 5-phosphate are converted into 5 molecules of
The carbon shuffling reactions are catalyzed by 2
The shuffling reactions begin with

glucose 6-phosphate.

enzymes, transketolase and transaldolase.
ribose S-phosphate and xylulose 5-phosphate, and epimer of ribulose 5-

phosphate.
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CIHZOH

c=0
H—é—OH
H—é—OH

(|:H20P03'

Ribulose
5-phosphate

-

ribulose
5-phosphate
epimerase

CH,OH
t=0
= HO —é—H
H—é—OH
CIH20P03'

Xylulose 5-phosphate

Based on what you have already learned, can you make a pretty
good guess as to how this enzyme would carry out the chemistry?

The overall series of reactions are as shown below--

oxidative reactions of
pentose phosphate pathway

e - S wic
hd ’ ks ~ .
Ribose Sedoheptulose Fructose Glucose
‘ 5-phosphate 7-phosphate  6-phosphate 6-phosphate
Isome ray A
Ribulose phosphohexose
5-phosphate isomerase
\ transketolase transaldolase
epimer& Xylulose Glyceraldehyde  Erythrose Fructose
5-phosphate 3-phosphate 4-phosphate  6-phosphate

A fructose 1,6-
)\ bisphosphatase

aldolase

A
transketolase\ T triose phosphate

isomerase

Xylulose
5-phosphate Glyceraldehyde
3-phosphate
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:Non-oxidative phase 4gtl s, )

CIS) Sy Lledll KL ) S b Ayl o3 gl Jidig
A 5oyl Bys & JAS o W (V) ropbee aa BB A sjhudd)
.Gluconeogenesis idee P& (1o 3l 368 (Y) o Glycolysis

gk G35 L) adi

Sl Y cliug = 0 glell S Jsal Lesdy 1 dsY) sshall -
toh oo @AY Lulal

Su Jssy Y Ribulose 5- Phosphate 3-epimerase il —
Dliud — 0 Hlalill S ) Qi — 0 sl

Jstsyll Se Jsas 3 Ribose 5-Phosphate isomerase a3 —<

i = 0 Gl K ) i —

-:f]-] OH -:li‘[-[:'::l[-[
-lcl—cle' -|:=|::u
C—0OH ——* HO—i_—H
Ribulose | |
s-phosphate H—C—0OH H—C—OH
IeppUrETasE | . |
CH,OH == CH,0P0 = CH,0p0=
e
C=0 2.3-Enedinl Nylulose
| | intermediate | S-phosphate
H—C—aOH
H—C—0OH B N
H OH H 0
oy ‘:""-:"'__'_-_.* ‘\Cff I{-'?
EH:DPG;‘" Flbose - " L
1 5-phoaphate .
S T
[-[—-.’I‘—I:IH ——2* H—C—0OH
H—T—DH H = C — OH
CH,0p0 2 CH,0P0 &
|, 2-Enediol Ribose
| intermediate S-phosphate

1- Conversion of Ribulose 5-P to Xylulose 5- P and Ribose 5-P
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Gl gd =0 eanylly langd —0 Helaalidll <)y alad) 4l 3ghasll —Y
S sl Transketolase myl Adaulsy dludl sehadll & (Sl
RERFA EEp VA PP SRS IV W PRER TP R (PR WA

glycoaldehydetransferase al L iy Transketolase s
Sl e (Glycoaldehyde desans) gsiS 5 i e damy 4l 0)53;
Sl A€ AL gl Ji A damy gaaad) S ) S5
ganaly) Sall Ao Sl Al Jsha dlay g B S (DY e sl
PO (SRl

rliasd o) Jlua (e Guedga A a Y1 I Janyg

Cliagd = © byl 5SSl e oS 30 JE e Joay -
— 7 apalludall DA S il Glaug — 0 Sl gamalVl Kl )
i = V by gl elandl Sully Cilingd

CH,0H
I

n] H
E |
'ti'll;'lH 'ilf' HO—C—H
C=0 H—C—OH H—C—0OH
| | LA H
B
HO—C—H + H—C—OH b S— \C/ + H—C—0OH
| Transkeiclas: |
H—C —OH H—C —OH H—C—0OH H—C —iOH
CH.opo 2 CH.oPo 2 CH,or0 CH.op0 =
Hyluloss Riboee Glycemldehy de Sedohepmloss
S-phosphate 5-phosph ate 3-phosphate T-phosphate

2- Reaction catalyzed by transketolase
— 0 Sl aledll S5 Sl e G b JB e Jeay
NN Sl i i — ¢ 5y el camal) Sl ) cilan b
it — 1 580 ) HSlly i — ¥ aaalldal)
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CH,0H
CH,OH 0o H |

Y o, H C=0
L c N/ |
| | T HO—C—H
i H—C—OH
HO (lT H + ; (l:' o (—: — H—'.’i'—DH + H—C—0H
— " — ranke| -
H—C—OH & CH0p0 2 H—C—oOH
CH.0P02 CHOPOy Glyceraldehyde SO0 ®
ylulose Erythrose 3-phosphate 2 3
. i 4-phosphate Fructose
S-phosphate é-phosphate

P o St C . o G A PY YT LTI NV P B 35 SEN e
ol saeluey AnLl sghdll e ousSadl cliwgiY aaalldal)
el Sl clingd — £ g0y el KWl &l Transaldolase
Cld g =T 5S4l

dihydroxyacetonetransferase sl Lad iy Transaldolase pls
(Dihydroxyacetone gseas) (s <y D Ji o Jamy 41 8 0y90 il
(gl S ) Sast Sl o

CH_OH

|

|I'=-| (I'H!(JH
HO—C —H Papre

| P M |

H—T‘—OH H\ //O (IZ' HO—C —H
H—_C —OH + (i' —W H— C—OH + H— ¢ —OH
H—C —0OH H— C —OH H—C —0OH H— C —OH
CHyoPO = CHOPO CHyopO & cHoPo &
Sedobeptuloss Glyceraldebyde Erythrose Fructose
T-phosphate A-phosphate d-phosphate B-phosphate

3- Reaction catalyzed by transaldolase

lucose-t

N S“f:% Pentese phosphate
- Rty

ceraldehyde-d-
phusphiate
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(A8 5553) sl U1l 8550

co.

3 molecules
ribulose 1,5-biPhosphate 6 molecules

3-Phosphoglycerate

3 ADP
6 AT
3 ATP
6 ADP
3 molecules 6 motecules
ribulose S-Phosphate 1.3-diPhosphoglycerate
s

S molecules 6 molecules
Glyceraldehyde 3-Phosphate Glyceraldehyde 3-Phosphate

1 mofecute

Glyceraldehyde 3-Phosphate

Sugars, Fats, Amino acids

(OIS 300 (e A3l ATP J) c¥ow e lia

ATP Use 4 = s ¥ + U 1= A<ad) ATP ) cNge 22

NADP Use T (e Jse YA = 42300 ATP 3 &V 22

ATP U 4 = 9 — YA = 33l dliasdll
Blhll juaas cpaglall A3l Jdadl)

Bioenergetics of glycogen as an energy source:

& OsSolall (g (mlias) vie (glycogenolysis) cpasSulall aaa S
iy sSslall ATl ald) suadl Gelall e ua
ahad) cle @l e Sslall S e Claay Jladll dauls CpasSilall
Glycogen apyl dauly @lldy dpase el Glledl o GeasSilall Al
clasd =1 HS6lall e sy Jasy Eus Phosphorylase

) Al ks B ) Sl (e 8 SST G sSlal in
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al daulsyy  (H3POy) (oare Slid ddaulsy Glucose -1- phosphate
Glucose -1- 132 Mutase a3 3529 4 & .Glycogen Phosphorylase
a8ladU 3y0a & Jin Glucose -6- phosphate ) Js~u phosphate
AP ATP  Jse aaly s &y iy TCA dglsedl 3)5al) & Glycolysis
Glucose -6- liwg —1- 3€dx ) Glucose sSslall Jisatl
dbasae o &y ey Glycolysis adlsell 5y5all 44l & phosphate

Jse YA als ATP Use T4 unsSlall 5030 Jiall e daslil) 50

.ATP
CH OH CH,OH CH,OH
Glycogen

O, | Glycogen Phosphorylase

CH,OH

2
@L O~P Glucose-1-P

Mutase

CH,O~P

OH Glucose-6-P

Glycolysis =) 392

]

+ 9 mole ATP

+ 30 mole ATP
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Fatty acid metabolism and diets
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ATP Jsa )YV JF1 =Y — (Y. 414

Jsa S YY.0 = ATP 8lall S pe (e 2nlgll Jsall (e dailall 28U

=YY, XWY YT = C17:0 Gaala 5anS (e dailill 400 46l
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v SV Yee = e
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Unsaturated fatty acids ) dmuiall je dgaall (alead) 2.8 -7
oxidation)

(C18:2 &lgilll (aala :Jla)

Jelis e Guilial (el et sl e daal) palea¥) san)
el laag depiiall Al (mleadl B-oxidation Ly sl 3 52usY)
aladiuly .Epimerization Jel& ) d8Lxyl cis-trans isomerization
sy B Gimg) okl Lo i @ C18:2 cldill asa
Hy i3 g die by a8 52uSY) (DA Gaplie il dgiadl) (alea!
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Gy cAruidl (alal) e dede el (alal) dis 8 Gl ey
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b LS AL Qs VY)Y (Sl )3 Om (A Y) Adal
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Ll gl ana ash ighi
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LGl el e V=1
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A S8 O Ga 155 8n OS 8 doaiy B aimgl) (8 5008) (e Cay
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Omega-3

.

Linoleic acid
(C 18:2)

Gamma-Linolenic
Acid ( C 18:3)

|

Dihomogamma Linolenic
Acid ( C 20:3)

|

Archidonic Acid ( C 20:5)

C 22:4

Docosahexaenoic Acid (C 22:5)

Enzyme

A 6-Desaturase

Elongase

A 5-Desaturase

R g

Omega-3

+

Alpha-Linolenic

C 18:4

l

C 20:4

l

Eicosapentaenoic Acid (C 20:4)

Elongase
C 22:5
A 4-Desaturase
C 22:6
YY 5 ¥ SeaSH Gl aae Gl Alaabiad) Ay gha g Axpdial) s Auiaal alaa) e 2
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Al A of dlas €6 5Sslall (e toims CI8:0 clylany) Jie o
plan) Lan ATP tia VA @slad sSslall e aaly Jse om0 43Ul
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s ity ATP Jse VY€ ) (PA X ¥) g5l 18 C sSslall (e i
LS 0sS 1a ey tga V€T miy (C18:0) Aaall Lamasll s SIh ey
S el gl die ia o Sl e et cilalll Alaud sy daslill 23Ul
adl sl ad e daiiall sl ciliga el 3 38Y) g oS
o2 Slilgall Gand sl jalias (e jaae i 3 Iy Metabolic water
el el Aune oSL A sl ciaty Jleall o Siad dyglaall 23l
Ol Pla cdgll s b eldly Al juae o<l (Humps aludl)
eladl ALB Zala) slaliall & Jiuey Kangaroo rat glss Gl a5 aall
n AL A o sginds Gl saadl e K st Gl sl 4 aa
saadS dnaall Al a3 (e g8l Metabolic water e aciad Gl ¢ L)
el
:Metabolism 3% Jdail)
Jid 4 s dege @il 4 Omega-3 M) Omega-6 4w
—lala A Jeays T-lanesl 83 e Sliglll (mess Prostaglandin
dihomo-gamma- el bl Wla g 6o ) A ) el
aulg dligndy) s J DHGLA Jsaiys linolenic acid (DHGLA)
GlSp I dea lignd ¥l aeay  delta-5-desaturase syl
inflammatory compounds (2 series prostaglandins and lgil)
OsSS elidgulll mes Jiiail 2l m3lgills inflammatory leuko trienes)
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13 Less inflammatory products (3-series prostaglandins)ziss
Al Jliys anal) 8 EPA 33 (e (S o1l 8 lid il (e dlad)
.inflammation

: Actions 5l

EPA (eicosapentanenoic acid) and DHA Jic ¥—lawasl (alaal
anti- Jexd Ay deudl <y @li&s a5 (docosahexaenoic acid)
an autoimmune <Yls & 3ade <8 s3a5 inflammatory agents
disorders or arthritis

I3l gl Joh 2-series fatty acids Jas Jas Y—laws) (alaals
3-series prostaglandins and ziu ellular stimulation (ggall 4yl
Glell s Al 2-series thromboxanes z W) e JiSI thromboxanes
-2l 3ax Jl& s inflammation
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2 G S e Yolaeg gsan e Aaall xe
e b pnall sSall 138 Apaal aagis <Docosahexaenoic acid (DHA)
a3 dabe paen (& ospas Gl gl i)l sSall 4 slad) 3y50 dalye
il dacbue 4plal (& anall aes) Jah LS ddade Ay sall )elai
sasla of WS clapes QESYs 38031 G Jie dauall JSLEAD any
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o Ll Jemall oy 138 pal 200 iyl W) Gaan 5f Gl silll Ginen
.Essential Fatty Acids s yall duiaall (alealy) auiiy o132

W paan G chplaSalusSonlly clidgilll o clipud ¥l GG

Desaturase & Elongase —<layl saclia bVl s A gl

.Enzymes
Type of unsaturated fatty acids (¥) ad; Jga
Family | Common name Sources
name
Omega 9 | Oleic acid Canola oil, Peanut oil, avocado, animal
products
Omega 6 | Linoleic acid Corn oil, Sunflower oil, Safflower oil,

Soybean oil, animal products

Omega 3 | Alpha-linolenic acid Canola oil, soybean oil, some nuts oil,
Eiosapentaenoic acid | flax seed oil

Docosahexainoic acid | Fish oil

Fish oil

Saturated fatty ackd /''\_/\/'\/"\,/\/'\/\/\/ct_mM

Stearic acid (G 18:0)

Oleic ackd (G 18:1)

n-6 L
Linoksic acid (C 18:2, n-6)

ronesme ey e N N N N N N

Source: Prewv Cardiol & 2003 Le Jacq Communications, Inc.

Conversion of Unsaturated Fatty Acids...

B N



SN Sl — A8l ALlal) ysal

Omega & Talty acids Omega 3 tally acids
Plant derived
CHy
RV AV ANV AN VAV AV AN — A NN,
COOH CHy COOH
C18:2n-6 C18:3n-3
i Linoleic acid l . linalenic acid
Marine derived
CH
AV A VL N N AN A NP A VAN PN N N N N A WA
COOH CHy COOH
C20:4n-6 C20:5n-3
Arachidomnic acid Eicosapentanoic acid
(EPA)
CH,
RV WA N A A A N AN P N NI N N N N W
e cHl [ealals]
C22-5n-6 CZ2:6n-3
Docosapentaneic acid Docosahexanoic acid
Human
Polyunsaturated Fats (PUFA)* — Dietary Sources
Omega-3 (n-3) Omega-6 (n-6)
LA (18:2 n-6) ' LNA or ALA (18:3 n-3)
Linoleic acid Alpha-linolenic acid
v ble oils, imal fat Oilseeds (flax), nuts
Short-chain PUFA
SCPUFA

L ~.> p—— <th

_ARA (20:4n-6) EPA (20:5n-3)

e Arachidonic acid Lo[‘g_chain PUFA {:ii:(}ﬁﬁ{‘:&ﬁtﬁei?afc A \
/ g LCPUFA g
DPA (22:853n-8) DHA (22:6n-3)
Docosapentaencic Acid Docosahexaenoic Acid S
B Animal fat, algae, fungi Fish, algae, chicken+ eggs(trace amts) /4//
T -hubreviated cascade o ———

V. V-
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Omega-6 Series Omega-3 Series
. 182 Short chain 18:3
Linoleic Acid a-Linolenic Acid/ALA or LNA
Two families of ‘ AS-D ‘
polyunsaturated fatty 1g:3 -Desaturase 18:4
acids
‘ Elongase ‘
20:3 20:4
‘ AS-Desaturase ‘
20:4 20:5
Arachidonic Acid Eicosapentaenoic Acid/EPA
Elongase
‘ g ‘ Elongase
24:4 q— 224 22:5 w— 245
‘ ‘ A*-Desaturase ‘ Oxidase AS-Desaturase
24:5 w— )5 22:6 == 24:6
Docosapentaenoic Docosahexaenoic
Acid Acid/DHA

Long-chain

Lauritzen et al., Prog Lipid Res 40:1-94, 2001
Essential fatty acids:
omega-3
The parent fatty acid of the omega-3 series is alpha-linolenic acid (ALA)
ALA- humans can synthesize eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) from ALA
Sources: flaxseed oil, soybean oil and canola oil, nuts, seafish — salmon,
herring, sardine, tuna
omega-6
The parent fatty acid of the omega-6 series is linoleic acid (LA).
LA - humans can synthesize dihomo-gamma-linolenic acid (DGLA) and
arachidonic acid (AA) from LA
Sources: olive and sunflower oils, sesame, pecan