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Tuesday, August 05, 200€
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w Interconvertable Pool of Hexosedreely reversable pool

3(\1 cogen == S[C -[-P— P°Il1 sacchacides
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3‘3 colysis

w Glycolysis

’9Pm+osc Pluss hade Pad‘tlwa\‘j
(NADPH

ted S'['q)

PFK (requlated by ATF, PEK, citrue, fruchse 25 bisphosphote)

2 Interconvertable pool of trioses (3PG, 2PG, PEP)

2 How many ATPs produced? 2 ATP

w Gluconeogenesis

3 Making glucose from non carbohydrate precursor
3 Bacteriacan grow on most carbon media (for example grow on succinate through utilizing gluconeogenesis)

3 Mammals:
A liver has stored glycogen and
needs constant supply of gluc

adipose tissue that it breaks down for energy. Liver has finite amounts of glycogen a
ose via gluconeogenesis and breakdown of protein (muscle) and fats.

A Cori cycle recycling of components

Muscle  Circulation Liver

e —————

glycogen, &——— 3(1}6652

J

gle-1-P leCOfleogmcs:‘s

l

2 lactate

> Z loctate

2 Why can't reverse of glycolysis work?

glucose + ZADPLZP; 2 loctate +2ATP +2H,0 AL = =32 keal fnsl

2loctate +ZATP

Y

+ZH,_0'__93|UC,05<_ *ZAPP +2P; oG = +32 Ac«.’/m/

A Look akG” (kcal/mol) stepwise of reverse reaction of glycolysis

kG (kcal/mol)| Step

+15 Step1l

[+34 ['step2 |
.+4 [ Step 3 [
[+22.4 [Total |

Reaction Notes

2 pyruvate + 2ATR PEP + 2 ADF
F1,6BisP + ADB £6-P + ADP
G6P +ADP>G + ATP

Overall reaction

A Look akG” (kcal/mol) stepwise of actual gluconeogenesis

k@ (kcal/mol) | Step

+0.4 Step1

'-4.0 .Step2 .
[33 ['step3 |
-6.9 | Total |

A Thermodynamic gain

Reaction Notes

2 pyruvate + 2ATP + 2GTP2PEP + 2ADP + 2GDP + Sum of two enzyme activities (pyruvate carboxylase and PEP carboxylld
F1,6BP + ED-> F6-P + Pi F1,6bisphosphatase
G-6-P + HO-> glucose + Pi Glucose6-phosphatase

| Overall reaction
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I -6.9-(22.4) =29.3 kcal/mol

1 Replacingirreversible reactions of glycolysis

2 See handout pg 103 for energy difference glycolysis and gluconeogenesis
A Pyruvate to phosphoenolpyruvate

| Biotin is C@carrying cofactor

3 Summary Equation of hypothetical reversal of glycolysis

2 pyruvate + 21,0 + 2(NADH +H') *ZATP—> glucase +2ADP42 P +ZNAD?  +32 kealfrnl

3 Summery Equation of gluconeogenesis .
2 pyruvede + HATP +26TP +6H,0 2(NADH + H? T ?glucose t FADP+ 2GDP*6F + ZNAD +2 keal /el
A Energyjk@ (kcal/mol) calculatiortlow many ATP equivalents are used? 6 (4ATP + 2GTP)
6 kG (kcal/mol)=+32kcal/mol 4ATP{7.5kcal/mol) = +2kcal/mol

6 Compare to previously calculate2d.3 kcal/mol and this30kcal/mol from 4ATP
Ina liver cell, gluconeogenesis is more favorable than +2kcal/mol
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Lecture 08/06

Wednesday, August 06, 200¢
10:03 AM

o
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Lecture

0806
Audio recording started: 10:03 AMWednesday, August 06, 2008

w Gluconeogenesis
2 Kidney can also do gluconeogenesis
2 Most of gluconeogenesis occurs in cytosol of liver cells

g

Shgnle system (see handout)

A Oxaloacetate from mitochondrion shuttled to cytosol
I Reduced to malate or oxidized to aspartate for shuttle into cytosol
I Conversionto PEP by PEP carboxykinase to for shuttle into cytosol

A What dictates if

I Ifamino acid is primary source of carbon then goes by aspartate/malate shuttle
I If have lactate as carbon source then goes by PEP
I Cytosol doesn't have alot of NADH, so NADH concentration in cytosol drives the

difference of PEP versus aspartat
T High NADH in cytosole caus

e/malate shuttle
es malate aspartate pathway to cytosol to back up

A kG°=0 in shuttle system and is driven by concentration

3 Whatelse can serve as carbon source for gluconeogenesis?
A Citricacid cycle intermediates and amino acids that feed into citric acid cycle because they

) ultimately form oxaloacetate
A Exception AcetyCoA cannot be used to
via 2x C@in citricacid cycle

w Fatty Acid Metabolism

ES
é

W (W (W (W

g

Different types of fatty acids (don't memorize

net synthesize glucose because its carbons are lost

all fatty acids on handout)

Trans fatty acids don't occur in nature. Enzymes cannot metabolize

A Esterified to adipose tissue, clip off and
Dietary fatis triacylglycerol
Body stores fatty acids as triacylglycerol

gointo lipoproteins.

CNS doesn'tdo betaxidation, most other tissue types do

AcytCoA synthetase

A ATP + Fatty Acidt Acyladenylase intermediate + pyrophosphatefatty-acyl CoA + AMP
A 3differentversions of acyCoA synthetase
I 1forlong chain fatty acids, 1 for medium, 1 for short

acety G~ o
‘§|1/l“"['1\l’s§'€_ "

R=c. ‘AP * (ASH — RC-scA tAMPt PP AGT g2

s phos
PP+ WO PEPE— 20, AG: -9

Z /Cll\ T ATP ¢ CoASH

Carnitine shuttle system (see handout)

Mz"\,’ FCoft synthust o

4 Mfophogplw‘v\se n 2y
> RCSC.A Y AMPazP; AG: =71

A Betaoxidation is in inner mitochondrial membrane
A Phosphatase is outside the inner matrix. Inner membrane in impermeable oG
A (don't have to know structure of carnitine)

A Important things:
1. Nofree energy change involved.
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2. Carnetine acyltransferase | is very regulatéittates decision in cell to oxidize a fatty
acid or synthesize afatty acid

3 Oxidation of fatty acidd (-oxidation)
A Oxidation occurs oh-carbon

2 = ] / |
R- CH,~CH,-Coo” — 'R-Coo™ + ' CHycoo™
ﬁ‘c%/‘vg, G\CC"LﬁJ&

A Oxidation clips off 2 carbons at a time as ace®glA (see handout)
A Notice succinate to oxaloacetate is a very similar pathway (FAD to FADH2 to trans double boi
Hydrate with HO, NADto NADH + H+ to make keto)
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Lecture 08/07

Thursday, August 07, 200¢
10:02 AM

J
Lecture
0807

Audiorecording started: 10:02 AM Thursday, August 07, 2008
Audiorecording started: 10:22 AM Thursday, August 07, 2008

Lecture
0807
w Fatty Acid Metabolism ?
Cy ‘Fa#ﬂ acyl Cofl Cu faj‘fj acyl CoA* CH.C SGA
FAD Lpodaton L ERDH,
NAD* +NADH+H*
CASH, 1.0
Cl(. Fa:f'l‘:jac:leoA ool ﬁ—om(aﬁmg CH; c?sc,,fl
TFAD  TCASH| ——— = 7FADH, |
2N+ 2,0 2lupdrh)
How much Wg‘{?o ATpP c?.dva.]m'f'S
- CH; C SGA = ¥xlz A
TFADH, 12 +4
TNADHH ) =73 2
+13]
cofactors —2Z
+129

3 Thermodynamics of palmitic acid

Equation of palmitic acid oxidation [ k G* kcal/mol [ Notes

| GeHbz02+ 230 -> 16C@+ 16HO [-1308 [

| 131ADP + 131P> 131 ATP + 1316 | +083

[ATP + 20D > AMP + 2P |15

[ Total: paimiti cacid + 23G- 131ADP + 131P> 16CQ+ [-430 | Why 130 ATP vs 131 ATP? Each are actually
145H0 + 130ATP + AMP + 2P . | ATP equivalents

A i -oxidation of fats creates lots of water as byproduct. Useful for camels, whales, hibernating animal:

3 Unsaturated fatty acids (double bondspe handout figure 17.5and 17.6 though don't need to memorize
A EnoytCoA isomerase, isomerases fraftis tok? trans k2 trans is an intermediate df-oxidation)
A k*cis changed te2trans tok3-trans tok? trans
A Overlap between catabolic and anabolic pathway.
A Wheni -oxidation is occurring, when it generates intermediate that has a cis double bond that is too
close to the business end where the chemistry is being done, dh&itiary enzymesnust be present
to create a substrate that thie-oxidation enzymes can deal with.

2 0Odd chain fatty acid
A Final catalytic step of thiolitic cleavage from fatty acid to create a primary metabolic intermediate

(@)
o ] CoASH CH ”5594 iy | carborylase
7 ZC Perl l/_ (ﬁif Afoglﬂ 60561")

0
CHyCH, & -, C SCoA 5 o 7= H @
Sscd, CH, ¢'SC.A —%—T—» CH_;—C'——ciO_
. /474 ATP A.DP'\‘PL- l
propioty //C‘ Sc
) °ﬂ
S rethy | padny] A
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| CA M«;M!,/ malony] GA

(\ . . racemase
certbal_motabolc_intermedick methy! M“—Iﬂ'ﬂl{/ o
o 4 Gt mobase 7 SaA
L—C,-C=Coo | Mfomin BIZ_ .
Hshs”u e e
Succ,imll C.ﬂ ﬁ-me'f‘/ly[ma,énl,/ GA

A Concepts in odd chain fatty acid metabolism
| 'Anaplerotic- replenishment reaction

Odd chain fatty acids can replenish TCA intermediates
Even chain fatty acids cannot replenish TCA intermediates & glucose due to

1 Cofactors

Covalently bound to enzymes (ie propionyl carboxylaseg handout
Cofactors have complicated structures and participate in complicated reaction mechanisms. Do not need to know mechanisms
First question in exam: 5 pictures of cofactors

0 Identify them (name)

6 TheirFunction (1C carrier)

6 1Enzyme that contains them

6 1Reactionthatusesthem

0 Whatare the reactive atoms (circle them)
Biotin

0 Biotinis an activated carbon carrier
Vitamin B12

6 Tetraporol structure type (heme, chlorophyl, vitaminB

6 Coiscentral atom in tetraporol
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Notes 08/08

Friday, August08, 2008
9:59 AM

2
Notes 0808

Audio recording started: 10:02 AM Friday, August 08, 2008

w Vitamin B12 (cont 08/07)
3 2typesofreactions
1. Freeradical exchange H

H ),< I ] mej/l /ma,/urly/'c"A
,-lél—?Z" _— ’—!C(_{CZ_ goes éy this process

2. Vitamin B12transfers methyl groups from 1 group to another
w Ketone bodies

CH, Cc H,c00~ acetoacetate (pqrad com Pounof)

oH

CHyC~cH-coo™  B-hydrosybutyrde  (major circolating farm)

o
CH, C“CHs Acetone

2 Ketone bodies form under fasting conditions or diabetes and synthesized in the liver
2 Source of carbon is acetg@loA from -oxidation

. . O ,SCh
2 Anabolism of -hydroxybutyrate- Mechanism: \\C
acetyl CoA-acely| ]
1) ? +ransfernse O o ) CH;
1 —_— 1
CHESCoh + CHCSCR S———=" CUL CH,CSCGA  ~£BH
NG AKA aceteacety
this lase + HSCA =
fwo acedy FCA Ak Shislase o:IC'-—C/-/_?
ot Hhermodynanicaly CH,
favorable, driven by (':
HMG CJ} S|, n’”\ as O// \Sco/]
All enzymes mitochondrial matrix of liver /13;’_{7 ﬁ:“:’“‘: \ HMG CA Sym‘}m.sz
rives rx
H Vv
Chs _ 1
é‘ O\\c /O m}/ SéoA
e A o =
o I [ /{SC’A H, O y
oyl CA HMG-CA CHe - CHe
lyase  -Rr— HB~C - Hs UMG-CA Ho-C—CHz
B} = cu ha ‘
ICOO é z S‘qrnl Se C"HZ
CH, +7 S C
: o oA 4N Sc,
”C‘ il L ° A
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[ ] .
C
CH, 27 s, [ ~
| (o] oA z Sc,
C o A

0% TCH, ’5—;\'10”0”1‘ ;—mg}kt’/_
acetoacetatt 3"‘:!'“"1’ CA

NADH Ty MNAD?
A
5 oH
(

Brhodrory buyrede CH~CH CH coo ™ st ghest concertnben (10x pectoacetode)
deh yo{ Toenase /S%ydm Xy by #7/4 te

o
> c HS lCl‘CHS +COz ) -
acetone exists in very small concexteatio? in
(diabetis Ar,h,/ acetsne)

/m/+/|l1 I‘I]d//.Wl/l/a— /5

2 Catabolism of -hydroxybutyrate (see handout 17.11)
A How many ATP?

oH o ATP
CH,C - CH,-Coo™ 2 CHCSCoh 74
H
Q _
CoAS C-CH, CH,Co0™ OOC-CHCH,Coo ™ -
NAD* NADHAH* 3
CoASH +tal 27

2 Liverdoes not havie-oxoacidCoA transferase so it cannot perform catabolism-&fydroxybutyrate
3 Fatty acids are insoluble and hard to transport shydroxybutyrate (soluble) allows for easy circulation

w Big Picture Metabolic Pathways

slvc;ose, amino n.c«'a‘s ‘Fo:l"fj acn‘Js

U glyeol tabalism o
Sl\lco Mn?ﬁtﬁ}’,\ 3 1y s Cor IE'DXJ Olﬂb'hm

[

PEP —=5 by ruiate —S7 aaehl CA

n
\\ l/ “
OAA

2] ]
ao t,i('lS — Cr, de
N?Qafous,ﬂ\—; TCA *

JCOz

Co,
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Notes 08/11

Monday, August 11, 2008
10:02 AM
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Notes 081:

Audiorecording started: 10:03 AMMonday, August 11, 2008

w Glyoxylate Cycle
1. Isocitrate lyase

. -l % b bl bt
CH, isocrteate lyase C T not oo J
H-CI(—C,OO— S— H_(':L_(chp_ * C'OO_ driven LV malate 57)11%!.{(,
- B:\H%'IC'H H'
Coo™ Svecinade jlyoxyla—‘/a
I1Se citrate

2. Malate synthase (reselebs a,,o'o,ms(, mLoL\Mls‘lV\-> bnsu_ o_lo’al a[mva,v)

-

Y /-’\ 6% coo~ Coo™

1 © 1 (
H-C-H _gB: et H-’C—H g.«,C\H § Ho-¢ - /‘{,&&ASF/Ho-CI‘H
c, ~ 2 . L ctt = CH,
O¢ SC.A malate s\!,rﬂ»ose o A ﬁCI‘\ 5%7 C/'OO -
- A 6
scetyGA Cacbanion kit glergle malate

CnZyrm_ 6bUhJ /'n'/oﬂ//k\’c

2 Glyoxylate cycle in bacteria (see handout)
A Bacteria can grow on media (acetate) that produce ac@yA via glyoxylate pathway.
A Problems:
I Don'twrite balanced equation: 2 acetfloA in, 4
A What dictates which direction?
I ATP concentration. When high ATP, carbons go through glyoxylate, when low ATP go by citric acid cycle
I Regulated enzymes
T malate synthase (high ATP = malate synthase stimulated; low ATP =inhibited)
1 isocitrate dehydrogenase (low ATP=stimulated; high ATP=inhibited

2 Glyoxylate in plants

A Plants can't grow on acetate.

A Glyoxylate pathway is associated with fatty acid catabolism

A Plantseeds have mixtures of carbohydrates and fatty acids for energy storage for germination period

I Plants that store fatty acids for germination have an organelle: glyoxysome which epégation of fatty acids
I Tokeep cycle driven, need sufficient OAA in glyoxysome to condense with-@odtyk A shuttle system to replenish OA,
in gloxysome. Without this the whole cycle will stop.

T Don'tfocus on stoicheometry

w Amino Acid Catabolism
3 Removing amino group is the 1st step in amino acid catabolism
A Transamination

Denor Acceptor amino torchiose  Accegtes Doror.
NHG o _ Q coor + NH;

- Coo - ~

ﬁl-—f'l-l~Cao‘ EL—C_COO— PLP cofnctor RI'C E,_CH COoO

I h-ketoglutarate and glutamate are almost always the donors and acceptors
I Cofactor: pyridoxal phosphate (PLP)
I Derived from vitamin 8
I Mechanism (equilibrium driven freely reversible)
1. Transimination
0 EnzymePLP is schiff base
6 Deprotenation
2. Tautomerization
6 Carbanionintermediate (resonance stabilized)
0 Lysfromenzyme protenates
3. Hydrolysis
0 Heterocyclicring draws electrons down makingifond particularly susceptible to hydrolysi
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Notes 08/12

Tuesday, August 12, 200¢
10:03 AM

g

WA

Notes 0812

Audiorecording started: 10:03 AM Tuesday, August 12, 2008

@ Amino Removal
1. Glutamate Dehydrogenase

4 bho
)\'ng NAD )UH 2! N .
“00C - ¢cH,CH,-CH-Co0™ “ococ-cH cHzc Cco6”~ :H7 4,
L6
NH3J o
' _ - u - + 4/71')“
R -CH-coo 00C-CH,CH,C-Coo NH, *NADH
AT G.D
amino I
+ransferase Al:LIc; ::I;%m
o Z N ,
R Cco0™ " 00c-cH,CH, CH-Coo™ NAD", H,0
2. Amino Acid Oxidases
) ° .
R-C-coo” + O +Ho — Rccoo™ +ho, + N,
I
H Pm»)ua’a
omino acid
3. Lyase
Cos~ -
lkf ase H\C €00
AN -C-H o — I
Cc
CH 7N
| z_'_ ‘ool H
Co0
&SP@F+AJ'6 ‘FC)Mo\ra;I‘e
w Pathways using Amino Removal
u
CHy- CH- oo™ 7~ = CHyC-Coo™
alonine x K& 31U+ Pgrvva—{c

r\':H3 Serine. dehydratuse NHv

— s
HOCHZ-CH'COO PLP co‘FdC'l'of

N
bo + C.'{ch'—coo]—é CHyC oo™

Serine pyruvate
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€

€

€

€

€

+ .
(“9 /l\lH3 aSPofaﬁmaS@ ] I\I]H3 ) AT. j ? )
NH-C-CHpCHecos™ 5 99C-cH,~CH~Coo 5 OC-¢H,~C-cCo0
Y +ok /_\/ ! + "'E
ASporacpnd, H.0 NHq ASpowr Tote xk6¢ g wt OX aloacetn:

Handout Figure 243

3 Histidine catabolic pathwaydon not need to know
3 Some organisms use NAD or NAD{Ean use whatever on tests
3 Know argnine, proline, and glutamine pathways

Branched chain amino acids (see handout figuré24
3 Gota lotof ATP from branched chain amino acids

3 TPPcoenzyme

Which amino acids are glucogenic or ketogenic or both? (see figt8g 24

3 Glucogenieprotien turned into glucose

3 Ketogeniconlyprotein only turned acetylCoA and then to keto bodies
3 Give starved diabetic mouse an amino acid and examine product of glucose or keto bodies in its urine

MSG- glutamate can be neurotoxic and causes headaches when consumed by some

Genetic Amino Acid Catabolism Diseases
AminoAcid | DeficientEnzyme

' Symptoms

Treatment

.Valine . Alphaketoacid dehydrogenas-dvlaple syrup urine diseasenental retardation, fatal . Reduce branched chain.

Isoleucine

(o]
>){Coo" /W)I\CO(J- buildvp in veine
0

Phenylalanine Phenylalaninehydroxylase | Causes mental retardation

Phe #> hyr

2

CHEM 153C Page 11
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' Reduce dietwith
phenylalanine

Diet drinks aspartame
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Notes 08/13

Wednesday, August 13, 200¢
10:06 AM
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Notes 081:¢

Audiorecording started: 10:06 AMWednesday, August 13, 2008

Excreted forméSpecies

[N H* Aquatlc
Urea Terrestrial animals (moderate8 mtake
7]
n
NH,CNH
. Uricacid Low HO intake

@ Ammonia + aspartate
w Carbomoyl Posphate
w Carbamoyl Phosphate synthestase | (CPS I)

CPs 1t

Ho-C-o

Ho
: %@/
0" Carborate

w Ureacycle discovered by Kreb (see handout figure34
Z Some of cycle in mitochondria and some in cytosol.
A Cytosol enzymes are associated together for channeling (same for mitochondria enzymes)

3 Enzymes:
Step | Enzyme Location Reaction
Step 2 | Ornithine transcarbamoylaseMitochondriain association with CPS | Ornithine + carbamoyl phosphate citriline +
P
Step 3 | Arginosuccinate synthetase| Cytoplasm Citrulline + aspartate + ATParginosuccinate +
In association with cytoplasm urea cycle enzym AMP + 2P
Step 4 | Arginosuccinase Cytoplasm Arginosuccinate> Arginine +fumarate
In association with cytoplasm urea cycle enzym
Step 5 |Arginase Cytosol Arginine + HO-> urea + ornithine

In association with cytoplasm urea cycle enzym

3 Summary reaction:
CPs1
O NH,* HCO, + ZATP — > NH, c o-F) + ZADP+ P,

o Urea cycle

@ NH, c"—o-@ + pspactsde + ATP+H,0 - > NAQCNHZ t fumarate+ F; +AMP+ PP;

@ PP, + Hp Fidse o op,

=)
s NH: + Coy + BATP 4+ aspartde + O™ WH, { NH, * ZADP Himarake + AMP+ 7P

A Conclusions:

I Energy is required for urea synthesis
I 4ATPfor one urea

3 Ureacycle affects bicarbonate concentration which is the bufferin blood
HCD;/HZCO’ (COZ) Carbanic “"AL{J{ASC (ﬁ\.s-#es'l- Furnover nymber alzjm)
HCO; ECDHJUjoi'c base
carbonic
H,Co, aohudiase Y 0+ CO, = peid fopms
A b s+|,,Lio] )
pH = pKa + oj %ﬁﬁ"j €35+ o8> 235 1 Lhoud

CHEM 153C Page 12
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Notes 08/14

Thursday, August 14, 200¢
9:59 AM

g

WMA

Notes 0814

Audio recording started: 10:01 AM Thursday, August 14, 2008

w Ureacycle (continued)
3 See handout 2% (relationship urea cycle and TCA)
3 Amoniain ureacomes from:
1. Amino acid>glutamate> NH -> carbamoyl phosphate> urea cycle
2. Amino acid>glutamate-> aspartate> ureacycle

w Regulation (Enzymes and hormones)
3 Why regulate?conserve resources and preventafutile cycle
3 Kinetic Regulation of Enzymes
3 Regulation frequently occurs in branch points in reactions

| i rtgulaﬁw\ﬁ/_; be/fn,g fedback ®.
1socitrate > o lut

‘o__he(\ 3 \ )
veg E'J>\I/ NS NSNS arginme foedback %

SUCCan,(OA nﬁu

3 Enzyme Kinetics:

e | F+S == (¢S —>F+P

ASSUMF"LI‘GIAS

v O steady state (L£5] corstant)
%V,ﬂ.x"""; @ [s]>>>[F]

é @ ES mmpkx formation ocev(s
H @ V= ,',,,'-]-;'a,l Va/ocf-n"y

VMnx

Posi‘h've
CDOPya;HVIf}
E+nS=—LSn —mE£+nP
n-> mu/—fif/c subonts n
nz Hill ceefficient v = \VM,LX[S]
[S,<]" ST

(s]

w Cannotdo lineweaver burk for sigmoidal (will not be linedo a Hill Plot

VARV
Vmo\x -V [Se.s] "

/o N 1 Tel o Te ]
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: n[og [S]-n /03[50.5]

Lot
L= Hill coefficier )
. (1 ~ewer
S’ Pl« e ‘Vt‘j Ins 5 I’l«)\o,l
ol e PF aﬁ"ﬁ
nel no e

([ sy Ls]

505

3 lIsocitrate dehydrogenase regulated by ATP and AMP levels (regulated by intracellular modifiers) and not the substre

W/ Posl+iV£ mollﬁu

[D;‘H'I‘LC Wovt modifier

loﬂ V
\V4 WVN'V w/ /ﬁgof/"/e

y}l’loolf e

(5] fol5]
Tappaent K.

w ATP is negative modifier of isocitrate dehydrogenase
w AMP is positive modifier of isocitrate dehydrogenase
w Feedback inhibition forisocitrate dehydrogenagerP

Hill Plot (rate vs. modifier concentration)

Omdrfier

Hill plot of modifierand shows
N 1. Nformodifier
n Posrhx/c coofua'hvi‘j 2. Kddisassocation constant for positive/Kd or Ki for negative

‘03/ 04r = = — =~/

Vo n=l ro Cccpyajiw-/y

o mod Iﬁ(/

Ks K.)”KL log(Mj

Nt k, k,
E'I‘S rk— ES —2F+P
-1

vmax = Kz [Et] sz A“:,L = furnoer nvmber
kc:zcl' CL‘M%‘J Im']

@ covolent modification
@ Pra'fc( n—prm(-ci n inferaction
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Notes 08/15

Friday, August 15, 2008
9:58 AM

o

whts
Notes 081&

Audiorecording started: 10:03 AMFriday, August 15, 2008

w Enzyme Regulation
3 Isocitrate dehydrogenase:

isocrtrate dehydmgnase
isoc = “Kehgliinrnde + NADH + H' +CO,

+

isocitrgte + NAD

Isocitrate dehydrogenase modified by:
AMP (or ADP) + modifiers

ATP _—modifier
ATP qenerathn pacthways
N}
ADP ATP
+Pg + Hz_o
~
L%—<
A s
3 Adenylate Energy Charge (E-@epresents ratio of charged to uncharged adenylates
} m}wq/m’c klmﬂ-
e.c.= [ael+ 2 [app] Lopppp S et AmP
[AMP] + [ADP] + [AMF]
Livir\g Cll:
[ATP]= 5mM Fc =545 =089 £C i hung cells ~ 0.85-0.25
[ADP,J g ,mM 5+/+().2

[AMP] Z0.2mM\

\00 B-hype enzyrie (e mg.nuufl'ﬂj)

Rtype
Enzyme has regulatory adenylate binding site (distinct from substrate act

U- e enc site) for ATP, ADP, AMP that affects enzyme activity. AMP binding affinit

P
/ VM o] (A’Tf’ v hz""}j ) site is much higher since AMP is in low concentration compared to ATP
-Ty .
('j__'lﬂ' ASP“"*'”J'(’- Llﬂ?\f!.
A asparf‘a:\"e +ATP v aspa,+7l-@ +ADP
0 | ] Joesn't have adeny late. reg. Liﬂ/l'nj site

s 1.0
. ATPTADP compete active sifc, ATP (S subs7rate® in active site.
Compehtive tnhibit on

=~ =" Jbindingsites for ATP on pfk:

1
100 -+ ;J_ ‘. [
tlobe Jincel , 1. Active site for ATP as substrate (higher affinity for ATP in PFK)
txp- (P-f\;re) I 2. Regulatory ATP site (lower affinity for ATP in PFK but binds when active site is saturated)
. 75 T . ,
1 !
wa( So T ,
! )
25T ! !
| l
0 1 1 i,‘_ ——
L5 LS as l

3 Regulatory enzymes occur atirreversible steps
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Notes 08/18

Monday, August 18, 2008
9:52 AM

J

Wi

Notes 0818

Audio recording started: 10:02 AMMonday, August 18, 2008

® Hormones can overide regulation by intracellular modifiers

w Regulation of glycogen breakdown and synthesis in liver:

S'lj&b%m (fH'I rtsfdu,,s) 7UDP

P
lyconen synthase

leogen glyeogen 5y
6}7;’053;(‘1 | & > 3'\1 Logm(ﬂ ranth

eyt UDPG phosphorylose

, >
SIUC’G _— IUC‘I"@ ; :: U-DP"&’U&QSC
Phospl e ute PP L La

w Talkabout3 hormonesin class:

1. Insulin
A Produced in response to high blood glucose, beta cells from panaceas,

A Mission: Promote uptake and storage of glucose

2. Glucagon
A Produced in response to low levels of blood glucose, produced alpha cells in Islets of Langerans pancreas

A Mission: program liver to increase blood glucose
A Works also on adipose tissue to stimulate mobilization of fatty acids (clip off triacylglycerol of adipose tissue anderhttsgites of
oxidation)

3. Epinephrine
A{dGAYdz I §Sa It e&023Sy oNBIlI 1 Rg2y Ay YdzaOf Sz t AGSN

2. Glucagon:
2 Increase blood glucose, so stimulates glycogen breakdown.
3 Stimulates gluconeogenesis
3 G protein-bind GTP and GDP. Large family of signal transduction proteins.
A Glucagon stimulates a heterotrimeric G protein
A G protein alpha subunit occupied by GDP, inactive
A Glucagon binds to liver transmembrane receptor protein, conformational change, interacts with G protein, GTP binds iG&tBad of

activates AC, activtes cCAMP (second messenger)

voded v
activaked vz Gu(6TP) + G4Gy

GTP 6P active

A. G (GDPG,G,

lna[j'l \ve

B Gu(67P) * adenylute cychise — Gu (FTP) adeny e c ot
Cinactive) (active)

Cl inactvetion (no+ r{%u(#fd_ (ons'fnn'Hy oceuring and éemj o(eﬂnwéa’. Mev‘ corstant Aonm/‘(, bound
ho P for Mﬁw‘f}
G (6TRIAC P2 G (6096
GxGy AC inactive
Phos P [qorq lase

cAMP —=——> AP
H,0

3 CAMP stimulates cAMP dependent protien kinase
A cAMP protein kinase has 4 subunits (2 regulatory)

R,C, + ZcAMP = Ry(cAmp), *2¢

noctive active
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A Amountof active cAMP dependent protein kinase is directly proportional to cAMP levels in the cell.
3 CAMP dependent protien kinase
A When active (see diagram) phosphorylates 2 proteins
1. Phosphylase kinase b (inactivephosphorylase kinase a (active)
I Alsoknown as PKA
1 Phosphorylase kinase athen activates phosphorylase a (active) by phosphorylation to break down g
toG1-P
2. Both cAMP dependent protein kinase and PKA actigigteogen synthas@ess active) to prevent futile cycle
3 glucagon favors phosphorylation to stimulate glycogen breakdown in the liver

2 Glucagon reenforces the phosphorylated state by causing the activation of a phosphatase inhibitor

CAM P - D\LPM Pn+cin kinhSC.
ATP 1/'\DP

phosopro‘f&in J PhospﬁoPr,lr_,n

P‘noSp'ADC"ASC [o;\osle/‘LSg -

inhibitor inhibitsr
(inactive) « (uetive)

v H,o

msulin —ofcpwduﬂ" Phaspkofuse_
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Notes 08/19

Tuesday, August 19, 200¢
10:02 AM

g
WMA

Notes 0819

Audio recording started: 10:03 AM Tuesday, August 19, 2008

w CAMP dependent protien kinase acts on
3 Phosphtase inhibitor
3 Phosphorylasekinase a
3 Glycogen synthase

w Insulin-dephosphorylated state of hormonal cascade for glycogen metabolism. Promotes synthesis of glycogen.

insvlin ruf;hf Y| 1
o) [wpssq=] T
m;m);rnn-b
@ - v / ! 7-@
u inside cell
n n +
fouslplna-lit ”g octive
Plf\oSPLWP'0+aiﬂ Pb\ofPIrWLASL inhlbrfo/ —@ W—b P/w;;p/'gara%gm Pho:p/(afare ,‘,.A;/mer
achve ¢ (Imc/fvc)

w Insulin and glucagon affect glycolysis in the liver by conversion of F6P to F1,6BP

stimulated by s'vma"" sﬁmuldd by insohin (glyalyss > acelyl CA Rty acid syrth/Sbony)

radfiery _odifiers
¢ ) lyas) &) €)
I Bis FK  (rade hmihng s Iyeolysis
AMP szﬁ‘of;lﬂm K 72 +,7'fc 5 5t 9 AP(pD?) AP
Fe6BP U +~7pc Fz68P citrate
f-168P NADH

w Insulin and glucagon affect level c2fEBP
3 F2,6BP stimulates PFK by:
1. lowering the Km for-6-p
2. Increases Ki for ATP and citrate (inhibitor disassociates easier stimulating PFK activi
2 Inhibits £1,6bisphosphatase
1. Decreasing Kifor AMP (enzyme more sensitive toward inhibition by AMP)

ingu line JCPGNM‘I' P;\SS‘P Aa-‘ILASZ
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f-2,6-bisphosphataseis like a second messenger (not a metabolite)
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Notes 08/20

Wednesday, August 20, 200¢
9:59 AM

3
s

Notes 082(C

Audio recording started: 10:02 AMWednesday, August 20, 2008

Liver ' Form present - Pfk2 ' f-2,6bisphosphatasé [f-2,6BP] 7 Effect Notes

Insulin K/P (kinase + - High Favor glycolysis
phosphatase)

Glucagon |K/P-P - + Low Favor gluconeogenesis

Muscle Form present Pfk-2 f-2,6bisphosphatase [f-2,6BP] Effect Notes

Insulin K/P (different - + Low slow glycolysis Muscle cells don'tdo
isoenzyme) gluconeogenesis, dumps

glucose into glycogen store:

'Epinephrine' K/P-P [+ - 'high | stimulates glycolysis Increasing CGawill increase
| K/P-P to stimulate glycolysis

w Midterm material stops here. Following info will not be for midterm.

w Glucose trafficking
3 Tissue specific transporters

3 Glucose uptake inliver cells:

membane
blOOok “Vef cell ATP ADP iy
s Te Ase
[ole]R5mM [gle]=on © medfie,
lvcose [J_(,_ P
g o] R
it lueo kina ]
k.w\-\tifwzd’g 3 kc:l:{o,%c \CM'I""”J metabolic Pa_‘i%wadfs
9 inhibit by F-GP ‘
ATP Z\{)P (not typical & modifer)

hesokinase Used low %"J
Sluaa Amo\ie USQJ }l'j"\%lcj

Imgl« [5 le] GK= lveokinase
bolood lwver GKRP= alucolcmaSc regulotory protein
h'sl'\falc_]
L4 7
SlL (-’C’_ 3[(.

Aﬂj 3/Vwkmﬂ\5€ ‘

GK
ADP RY (a(,'h' vc)

Pancreas also has GLUT2 transporter and equilibrate similar to liver as to gave blood glucose le
Insulin secretion in beta cells is based on EC (energy charge).

Can'thave enzyme like hexakinase because itis inhibiteddl Bave glucokinase instead which
allows for high EC

2 Glucose release inliver cells:
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Glycogen breakdown and/or gluconeogeneii

i
five CleP Hrarsp?™
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]
Glc-6-P

Deficiency in (glycogen storage diseases):
2 Phosphate transporter
3 Glc6-P transporter
2 Gle6-P phosphatase
Symptoms:
2 Low blood sugar when fasting
3 Liverinfiltrated with glycogen
2 Can'tdo Cori cycle without gluconeogenes
so buildup of lactic acid (lactic acidemia)



Notes 08/21

Thursday, August 21, 2008
10:03 AM

o
Wl

Notes 082:

Audio recording started: 10:03 AM Thursday, August 21, 2008

blood muscle 3/x1£ogm
S haxokinase /
5'(/(—— 61(, ’ﬁ-ﬁ 6fc-(s'f>
ATP  ADP

\\) Cerdral r/w;/'a-loo{"C Faql/lu/hgf

w Insulinincreases GLUT 4 receptors on cell membrane
non nsulin  ctate i suhn s fate
blood musele blaod muscle

e

SIL0 (protein thecd bolds BAS/GOP baond state)

_L N <AU'{§ a’éF
/of T l< af-‘h‘yaﬁs af_-h\/a{'cs

EA!DS (ICIV\O\S'Q,) I(SR "ﬁ_‘(fwul('r\
| &
GLUTY
+( ons 'aCa:h ln n SI‘ WIS‘ o

w Exercise decreases EC, turns off ASK 16

/ [ATP /4 Dp]

Y
AMPK (I'ncrzo'iL/c role in /lf:lﬁl mfabo//'ﬂ"’\>
pmp kmase
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AMPK (incr(JfL/c role i /lf:mt mfabo/l’fﬁ’\)

Amp Emase

w Photosynthesis
3 2types of photosynthesizing organisms
A Eukaryotes
I Green plants (€evolving photosynthesis)
I Algae (@evolving photosynthesis)
A Bacteria
I Cyanobacteria (§volving photosynthesis)

| Otherbacteria (anaerobic photosynthesis)

3 Van Neil equation

o + A —— 0 + Al

e donor c‘o\£6ep+of oxidized reduced
o(onor’ 0\65ef>+of
OL e,volvmj HLO COZ OZ C HLO
anoerobic HZS No'g Sa N"llg
anoerobic "rggj‘i;rm H‘t N, ox1dized svbstrates Hz , ZNHS

h
H,0 ¥Co, — CHoO +0,

v
(6H,0+6CO, —— C H,0, + (0,
Corbohydrate

w 2 sides of thylakoid membrane:
3 Outside: Lumen
3 Inside: Stromafixing CQinto carbohydrate

w 2typesofreactions
3 Lightand dark reaction®ccur only in the light

P\/‘D+06ICO+Yah ‘h-g\v\{F(J(
P,r\a-h, P’""‘FL‘” rq(aﬁdn

ZH, 0N _wv_~ 0, lignt y

72 NADP* JZ(NADPH +144)

3(ADP,P;) 3(ATP +H,0)
~
J
CH.0 ¢o, ”(}(ark !

CHEM 153C Page 25



Review for Midterm

Friday, August22, 2008
10:07 AM

Jd

WMA

Review

Audio recording started: 10:07 AM Friday, August 22, 2008

w Glycolysisinterconvertable pool

w Malate/aspartate shuttle
3 When PEP vs. malate/aspartate

w Fatty acid catabolism
3 [204 2F &a0NH2OGdzNBa 2y
3 Know how to draw palmatate
2 Fatty acid must be activated by enzyme fatty acyl coa synthetase (on outer membrane of matrix) (won't worry about stitctures
mechanism)
A Carnatine shuttle know how it operates
I Carnatine acyl transferase | is important regulatory enzyme
3 Acylcoais in matrix and now beta oxidatidmow how much ATP (NADH 3 atp, acetyl Coa is 12 ATP, FADH 2ATP) . Know structt
steps etc
A Unsaturated beta oxidationdon't worry about
A Odd chain fatty acidpropinyl coato succinyl cognow structures, enzymes, etc
3 Evenchain can't be used to replenish citric acid cycle but odd chain (propinyl to succinyl coa. Can be used for netsyitivesi)

w Ketone bodies
3 Acetyl coafrom fatty acid metabolism has 2 fates
A Carbon completely oxidized by TCA and get ATP
A Used in synthesis of ketone bodies (synthesized liver mitochondrial matrix)
32 Know pathway, enzymes, and structures, mechanisms
2 Know why liver cannot catabolize ketone bodies (lack enzyme)

w Know mechanisms that are similar

® Glyoxylate certain microorganisms can grow on substrates that solely produce ate®yl = ySSR gl & (G2 NBLX Sy
3 Acetate, even chain fatty acids as only growth medium
3 lIsocitrate lyase and malate synthase
3 Know the glyoxylate pathway. Know structures, enzymes, mechanism
3 {SSRa 2F a2YS8S 2At LINBRdzOAYy3 LX Fyia Ory dzasS (K2a$S ¥l (opnentdyd
regulated. Glyoxisome organelle contains beta oxidation enzymes and glyoxylate pathways.
3 Inorderto do glyoxylate in glyoxisome there must be a pool for oxaloacetate

w Aminio acid catabolism

Responsible of enzymes and pathways
Alanine- AT to get pyruvate
Serine

Asparagine

Aspartate

Arganine!

Proline!

Glutamine!

Glutamate !

Isoleucine complicated pathway.

N (W (W (W (W (W W (W (W (W

Strategy
1. Remove amino group (amino transferase reaction (PLP but won't deal with)). Alpha keto gluthuasenate . Keto acid skeleton

[}

A Some amino acids ketogenic, glucogenic (don't need to know)

w Ureacycle know it.
2 ATPs
2 Mechanism
3 Contributes to pH balance aids in excretion of bicarbonatelower pH of blood (acidify)

w Hormones
3 Insulin, glucagon
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Nothing about glucose trafficking

Glycogen breakdown and synthesis
Glycolysis and gluconeogenesis

True false questions (resonable unreasonable)

W (W (W (W

w Comparison with skeletal musclenow the table in notes

w Don'tmemorize glycolysis and gluconeogenesis
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Notes 08/22

Tuesday, August 26, 200¢
10:03 AM

o
WMA

Notes 0822

Audiorecording started: 10:03 AM Tuesday, August 26, 2008

Photosynthesis

w Handout pg 2.
3 Don'tneedto memorize table
3 Chlorophyll a, chlorophyll b, and cartenoids absorb energy (photons) and transfer to reaction

center

w Handout pg 3.

g

S

Reaction centers+#00 and P680

v

e,

ChiA —=ChIA® + A ——— Chlg + A

. hotoxidized
excited acceptor Pghloroﬁ,kzlf | reduced
OCCCP+°f

Unfavorable electron transport driven by absorption of light to create NADPH and ATP

w Z-cheme of photosynthesis

W (W (W (W W

W (W W

Water is used to replenish electrons from photoxidized P680. Light drives reaction, not water donating electrons
+0.8 t0-0.32 redox potential is not favorable (mammal respiratiofi82 to +0.8 which is favorable).
Cytochrome bF complex are purely electron carriersprotons pumped from stromato luma.
Plastocyaninedonates to photoxidized P700
FO-NADPreductase
How many photons have to absorb to make NADPH?
qu'fu"" ruw.iro"m‘*S
+ hv +
H,o +NADP > fOz + NADPH + K L{}W
+ hv +
2H,0+ 2NADP % O, +*JNADPH+ 7 # S hv

Cyclic pathway allows for proton pump from stromato lumen for ATP synthesis

NADPH production is from noncyclic pathway.

Balance of ATP to NADPH is maintained from high [NADPH] feedback on noncyclic and favoring
cyclic pathway for ATP synthesis

Stoicheiometry
A 3protonsforl ATP

- L”’\’V +
Ze™s H,0 +NADP'* .SADP+1.5PL — 7 £ 0,4 NADPH + H' +[SATP

He': 7H,0t ZNADP™+ 3ADP 1 3P ~Bhy 0, +ZNADPH+ 217 + SATP

CHEM 153C Page 28



6[CC+OCL\D/VHI(,9J 5»’00{1‘03
Dipge Z2F0F 4 23RT o pH

mem beane potehal pHf gmo'fm*

electrical Chemicad
sG.IY“’F"\”\ + )“ R
/I MJ/‘;P Mﬁ
7
IUmeV\ H+ l
H /-{f

3 Buffering in mitochondriais mostly membrane potential.
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