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¢ Interconvertable Pool of Hexoses - freely reversable pool
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e Glycolysis
o Interconvertable pool of trioses (3PG, 2PG, PEP)
o How manyATPs produced? 2 ATP

* Gluconeogenesis
o Makingglucose from non carbohydrate precursor
o |Bacteria:can grow on most carbon media (forexample grow on succinate through utilizing gluconeogenesis)
o Mammals:
liver has stored glycogen and adipose tissue thatit breaks down forenergy. Liver has finite amounts of glycogen and brain
needs constant supply of glucose via gluconeogenesis and breakdown of protein (muscle) and fats.

o Whycan't reverse of glycolysis work?

(NADPH

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

3‘3 colysis

Cori cycle - recycling of components

Muscle  Circulation Liver

glycogen, &——— 3(1}6652

J

gle-1-P

l

2 lactate

> Z loctate

slucose +ZADP4+2P; =2 lactate +2ATP +2H,0

Zloctote +ZATP+ 2H,0 — glucose *2APP+2P;

= Lookat AG (kcal/mol) stepwise of reverse reaction of glycolysis

AG® (kcal/mol)
'+15

.+3.4

.+4

.+22.4

Step
[ Step1
-StepZ
-Step3
:Total

Reaction Notes

2 pyruvate + 2ATP -> PEP + 2 ADP

F-1,6-BisP +ADP ->f-6-P + ADP
G-6-P+ADP ->G + ATP

Overall reaction

= Lookat AG” (kcal/mol) stepwise of actual gluconeogenesis

AG® (kcal/mol)
.+0.4
.-4‘0
.-343
.-649

Thermodynamicgain

Step
[ Step1
[ Step 2
[ Step3
:Total

Reaction

2 pyruvate + 2ATP + 2GTP ->2PEP + 2ADP + 2GDP +2Pi
F-1,6-BP + H,0 ->F-6-P + Pi
G-6-P +H20 ->glucose + Pi

Overall reaction
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Sum of two enzyme activities (pyruvate carboxylase and PEP carboxykinase)

F-1,6bisphosphatase

Glucose-6-phosphatase



o -6.9-(22.4) = -29.3 kcal/mol
O Replacingirreversiblereactions of glycolysis

o Seehandout pg 103 for energy difference glycolysis and gluconeogenesis
= Pyruvate to phosphoenolpyruvate
O Biotinis COz carrying cofactor

o Summary Equation of hypothetical reversal of glycolysis

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

o Summery Equation of gluconeogenesis "
2 pyruvede + HATP +26TP +6H,0 2(NADH + H?——"a lucose + YADP+2GDP+GP; +ZNAD  +2 keal fus]

= Energy AG” (kcal/mol) calculation: How many ATP equivalents are used? 6 (4ATP + 2GTP)
& AG” (kcal/mol)=+32kcal/mol + 4ATP(-7.5kcal/mol) =+2kcal /mol
¢ Compare to previously calculated -29.3 kcal/mol and this -30kcal /mol from 4ATP
Ina livercell, gluconeogenesis is more favorable than +2kcal /mol
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e Gluconeogenesis
o Kidney canalsodo gluconeogenesis
o Mostof gluconeogenesis occursin cytosol of liver cells
o Shuttle system (seehandout)
= Oxaloacetate from mitochondrion shuttled to cytosol
0 Reducedtomalate oroxidized to aspartate for shuttle into cytosol
o Conversionto PEP by PEP carboxykinase to for shuttle into cytosol
* Whatdictatesif
o Ifaminoacidis primary source of carbon then goes by aspartate/malate shuttle
o If have lactate as carbon source then goes by PEP
O Cytosol doesn'thave alot of NADH, so NADH concentrationin cytosol drives the
difference of PEP versus aspartate/malate shuttle
¢ High NADHin cytosole causes malate aspartate pathway to cytosol to back up
= AG'=0inshuttle systemandisdriven by concentration

o Whatelse canserve as carbon source forgluconeogenesis?
= (Citricacid cycle intermediates and amino acids that feed into citricacid cycle because they
ultimately form oxaloacetate
= Exception Acetyl-CoAcannot be used to netsynthesize glucose becauseits carbons are lost
via2x CO2 in citricacid cycle

e Fatty Acid Metabolism
o Differenttypes of fatty acids (don't memorize all fatty acids on handout)
o Transfatty acids don't occur in nature. Enzymes cannot metabolize
= Esterifiedtoadiposetissue, clip off and gointolipoproteins.
o Dietaryfatistriacylglycerol
o Bodystores fatty acids as triacylglycerol
o CNSdoesn'tdo beta-oxidation, mostothertissue typesdo
o Acyl-CoAsynthetase
= ATP+Fatty Acid -> Acyl-adenylase intermediate + pyrophosphate ->fatty-acyl CoA + AMP
= 3differentversions of acyl-CoA synthetase
o 1forlongchain fatty acids, 1 for medium, 1 forshort

acety FCaP
0 < qﬂ“}ﬂ\“ e //0

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

o nhos phadase
PP 0 B 2, NG

Mz"\,’ FCoft synthust o

z "4 AT G ASH S e 4 : =7
L\ 0 CSC.A Y AMPazP;  LAG™ " =1

4 0

o Carnitine shuttlesystem (see handout)
= Beta-oxidationisininnermitochondrial membrane
= Phosphatase is outside the inner matrix. Inner membrane inimpermeable of acyl -CoA
= (don'thave toknow structure of carnitine)
= Importantthings:
1. Nofreeenergychangeinvolved.
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2. Carnetine acyltransferaselisvery regulated - dictates decisionin cell to oxidize a fatty
acid or synthesize afatty acid

o Oxidation of fatty acids (B-oxidation)
= QOxidationoccurson B-carbon

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

= Oxidation clips off 2carbons at a time as acetyl-CoA (see handout)
= Notice succinate to oxaloacetate is avery similar pathway (FAD to FADH2 to trans double bond.
Hydrate with H20, NAD* to NADH + H+ to make keto)
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Lecture
0807
* FattyAcid Metabolism ?
Cy ‘Fa#ﬂ acyl Cofl Cu faj‘fj acyl CoA* CH.C SGA
FAD 1poriaton 4y EPDN,
NAD" tNADH+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
- BCHy C SCA = &xl2 +q,
TFADH, 12 +4
TNADHH ) =73 a2l
+13
cofactors —2Z
+/29

o Thermodynamics of palmiticacid

Equation of palmiticacid oxidation [ AG kcal/mol [ Notes

. C16H3202 + 230, -> 16CO> + 16H.0 [ -1398 [

. 131ADP +131P; -> 131 ATP + 131H,0 [ +983

[ ATP + 2H;0 -> AMP + 2P; [-15

. Total: palmiti cacid + 2302 + 131ADP + 131P; -> 16CO; + [ -430 [ Why 130 ATP vs 131 ATP? Each are actually 129 |
145H,0 + 130ATP +AMP + 2P; | |ATP equivalents

= B-oxidation of fats creates |lots of water as byproduct. Useful for camels, whales, hibernatinganimals

o Unsaturated fatty acids (double bonds) see handout figure 17.5and 17.6 though don'tneed to memorize
= Enoyl-CoAisomerase, isomerases from A3 cis to A? trans (A? trans is an intermediate of B-oxidation)
= A%cischanged to A%-trans to A%-trans to A? trans
= Overlap between catabolicand anabolic pathway.
=  When B-oxidationis occurring, when it generates intermediate that has a cis double bond thatis too
close tothe business end where the chemistry is being done, then auxiliary enzymes must be present
to create a substrate that the B-oxidation enzymes can deal with.

o 0dd chain fatty acid

= Final catalyticstep of thioliticcleavage from fatty acid to create a primary metabolicintermediate

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

1
CHyCH, & -, C SCoA 5 o 7= H @
NS CH CH, ESCA —S~—  CH—C—c”
. /474 ATP A.DP'\‘PL- l
propioty //C‘ Sc
& Sc

S rethy | padny] A
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(\ . . 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

= Conceptsinodd chain fatty acid metabolism
o Anaplerotic- replenishmentreaction
¢ 0dd chainfatty acids can replenish TCA intermediates
¢ Evenchainfatty acids cannot replenish TCAintermediates & glucose due to
o Cofactors
¢ Covalentlyboundtoenzymes (ie propionyl carboxylase) - see handout
¢ Cofactors have complicated structures and participate in complicated reaction mechanisms. Do not need to know mechanisms
¢ Firstquestionin exam: 5pictures of cofactors
¢ Identifythem (name)
¢ TheirFunction (1Ccarrier)
¢ 1Enzyme thatcontainsthem
¢ 1Reactionthatusesthem
¢ Whatare the reactive atoms (circle them)
¢ Biotin
¢ Biotinisanactivated carbon carrier
¢ VitaminB12
O Tetraporol - structure type (heme, chlorophyl, vitamin B1)
¢ Coiscentral atom intetraporol
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e Vitamin B12 (cont08/07)

o 2typesofreactions

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

2. VitaminB12transfers methyl groups from 1 group to another

e Ketone bodies
i _
CHs;CCH,c00™ acetoacetate (pqrad com Pounof)

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

)

CH, C“CHs Acetone

o Ketone bodiesform underfasting conditions or diabetes and synthesized in the liver
o Source of carbon is acetyl-CoA from B-oxidation

O ,SCh
o Anabolism of B-hydroxybutyrate - Mechanism: '\\C
acetyl CoA-acely| ]
1) ? +ransfernse O o ) CH;
f —_— n
CHESCoh + CHCSCR S———=" CUL CH,CSCGA  ~£BH
N AKA aceveacety
this lase + HSCA =~ ey
two acedy FGA Ak Ahio asel ' O—I s
not Fhermodynasicaly CH,
foverable, drvewm by (':
HMG CJ} S|, n’”\ as O// \Sco/]
All enzymes mitochondrial matrix of liver /13“7 fe;-Vor‘a.Blcl \ HMG C.A Syﬂ*Aasz
rives rxn
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 - N/ CHe
lyase  -Rr— HB~C - Hs UMG-CA Ho-C—CHz
e———— \
oo™ ’ lC H. swnllu.sz CH,
| c 1
CH, +7 S C
: o oA 4N Sc,
”C‘ il L © A
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CH AR C
C( 2 o) Co/q [ O/r S‘Cp/q
0% TCH, ’5—;\'10”0”1‘ ;—mg}kt’/_
acetoacetatt 9 u_m | GA

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

> CH;ccH +C0,
acetone exists in very small concentration in

(diabetis /lfgh[f acetone)

/m/+/|l1 /'nd//.l’lld’l/a, /5

o Catabolism of B-hydroxybutyrate (see handout 17.11)
= How manyATP?

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

o Liverdoesnothave B-oxoacid-CoAtransferasesoitcannot perform catabolism of B-hydroxybutyrate
o Fattyacidsare insoluble and hard to transport so B-hydroxybutyrate (soluble) allows for easy circulation

e BigPicture Metabolic Pathways

slvc;ose, amino acids ‘Foa"fj acids
U glyeol tabalism .
Sl"“"‘“‘ﬂ"’"s’"']\ 9Yycolysis Catabo /g'a)dolm'"m

(R

P E P 25 quuvad-c S mcde,, CoA

50:
OAA
amine acids /a C:+ro.+e
Cobubolism—
~
Co, €O,
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¢ Glyoxylate Cycle
1. Isocitrate lyase

coo~ Coo
.Cl“z isocrtrate byase éqz ) “'c’
H-C-Coo~™ ~ ——— H-C-cw™ coo”
=B Nyb-con H
Cloo - Svecinade jlyoxy btz
1Se Citrate

(resembles  aldshse mechanicms basic aldol a[mva,v)

-

2. Malate synthase

H /"\ 6%
H-C-H _E8: —g,lskf H-,E-H g,,C\’H
,C ‘. —_— Lse 4
of SCA  melde syithse O
&ce‘*\‘j(‘CoA Carbam;m "“d?/ Gt 5170)‘7 lw’k

o Glyoxylate cycle in bacteria (seehandout)
= Bacteriacan grow on media (acetate) that produce acetyl-CoA via glyoxylate pathway.
= Problems:
o Don'twrite balanced equation: 2acetyl-CoAin, 4
= Whatdictates which direction?

not fwvorabl byt
driven 1:7 malate 57)11%!!(.

o0~ Coo™
! 0
Ho-Cc-H | Ho CAH Ho-C-H
. > ] w1 1
cth = cH,
/ 1o
oﬁc\ S% Coo

malate
CnZyrm_ 6bUhJ /'n'/oﬂ//k\’c

O ATP concentration. When high ATP, carbons go through glyoxylate, when low ATP go by citricacid cycle

O Regulated enzymes
¢ malate synthase (high ATP =malate synthase stimulated; low ATP =inhibited)
¢ isocitrate dehydrogenase (lowATP=stimulated; high ATP=inhibited

o Glyoxylateinplants
= Plantscan'tgrow onacetate.
= Glyoxylate pathway is associated with fatty acid catabolism

= Plantseeds have mixtures of carbohydrates and fatty acids for energy storage for germination period
O Plantsthatstore fatty acids for germination have an organelle: glyoxysome which does B-oxidation of fatty acids

¢ Tokeepcycledriven, need sufficient OAA in glyoxysome to condense with acetyl-CoA.
in gloxysome. Without this the whole cycle will stop.
¢ Don'tfocuson stoicheometry

¢ AminoAcid Catabolism
o Removingaminogroupisthe 1ststepinaminoacid catabolism
= Transamination

Doﬂo(‘ M amino +W$'F(\/n$e Asgﬂ"—’

NHF ﬁ T—— j coo-

! _ — PLP cofactor R L ~Coo
R,-(H=Con™ R,—C-Coo !

O a-ketoglutarate and glutamate are almost always the donors and acceptors
o Cofactor: pyridoxal phosphate (PLP)

¢ Derived fromvitamin Be
O Mechanism (equilibrium driven freely reversible)

1. Transimination

& Enzyme-PLPisschiff base
¢ Deprotenation
2. Tautomerization
& Carbanionintermediate (resonance stabilized)
¢ Lysfromenzyme protenates
3. Hydrolysis
<o
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e AminoRemoval
1. Glutamate Dehydrogenase

NH; NAD+ NH 4 , ICOO
'OOC—-cHZCHZ—éH—Coo “ooc-cH cHzc cO6” <H7 N 4:, + C=O
A

)
é4,
Cﬁr’?
4 1
NH, o) cos™
' - [\l - +4 +
R-CH-coo~ Oo(C-CH,CH,C-Coo NH, +NADH Hf
AT C.D
amino I +
+ravsferase AU,JC: ::I;%m
o Z N ,
R Cco0™ " 00c-cH,CH, CH-Coo™ NAD", H,0
2. AminoAcid Oxidases
W' & .
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
C
CH 7N
l z_'_ ool H
Co0
&SP@F+AJ'6 ‘FC)Mo\ra;I‘e
e Pathways using Amino Removal
i
CHy- CH- oo™ 7~ = CHyC-Coo™
alonine x K& 31U+ Pgrvva—{c

. +
r\':H3 Secine. dehydrafuse ,\’,gs ] NHV
HoCHy-CH-Coo™ PLP cofactor HZO + CHZ’—' C-Coo] > CI"/ CCCSG
Serine pyruvate
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O /l\lH3 aSParaﬁmouSg I\)H; AT. O

L
MHZ-lC‘—CH';'cH-—Co5— - T09C-cH,~CH-Coo™ ﬁ —OOC—GHZ'LCOC;

ASporagenl Ha o/\7/\) I '[: ASpor fote = KG

glet OX & loacetate

Handout Figure 24-13
o Histidine catabolic pathway - don not need to know
o Some organisms use NAD or NAD(P)*- can use whateverontests
o Know argnine, proline, and glutamine pathways

Branched chain amino acids (see handout figure 24-15)
o Gota lotof ATP from branched chainamino acids
o TPPcoenzyme

Which amino acids are glucogenicor ketogenicorboth? (see figure 24-8)
o Glucogenic- protienturnedinto glucose
o Ketogeniconly - protein only turned acetyl-CoA and then to keto bodies
o Give starved diabeticmouse anamino acid and examine product of glucose or keto bodiesinitsurine

MSG - glutamate can be neurotoxicand causes headaches when consumed by some

GeneticAmino Acid Catabolism Diseases

AminoAcid Deficient Enzyme Symptoms
Valine Alpha-ketoacid dehydrogenase | Maple syrup urine disease - mental retardation, fatal
Isoleucine _ cl)\
>){Co° /ﬁ) coo™  buildvp in veine
0
Phenylalanine | Phenylalaninehydroxylase Causes mental retardation

o
Phe#> byr @cuz_c"—coo“
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Excreted forms Species

NHa* Aquatlc
Urea Terrestrial animals (moderate H.0 mtake
g
NHC NK,
Uricacid | Low H20 intake

e Ammonia+aspartate
e Carbomoyl Posphate
e Carbamoyl Phosphate synthestase | (CPS|)

Cprs 1:
o ADP ADP 0 + NH; AP o P 0-C NH
0 —Le Aq% ~0-C-

1] u
HO'C-O_ + osr-—o— ——Lﬁ HO—@ - C NH
0" Carborate

* Ureacycle - discovered by Kreb (see handout figure 24-4)
o Some of cycle in mitochondriaand some in cytosol.
= Cytosol enzymes are associated together for channeling (same for mitochondria enzymes)

o Enzymes:
Step Enzyme Location Reaction
Step2 | Ornithine transcarbamoylase | Mitochondriain association with CPS| Ornithine +carbamoyl phosphate ->citriline +
Pi

Step3 | Arginosuccinate synthetase |Cytoplasm Citrulline +aspartate + ATP -> arginosuccinate +
In association with cytoplasm ureacycle enzymes | AMP + 2P;

Step4 | Arginosuccinase Cytoplasm Arginosuccinate ->Arginine +fumarate
In association with cytoplasm urea cycle enzymes

Step5 |Arginase Cytosol Arginine +H20->urea+ ornithine

In association with cytoplasm urea cycle enzymes

o 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

= Conclusions:
0O Energyisrequiredforureasynthesis
o 4ATPforoneurea

o Ureacycle affects bicarbonate concentration whichis the bufferin blood
HCDS /HZ CO’ (COZ) Carbanic ar\AL(/fAS(, (ﬁkS-les'l' Furnover nymber a-Zym)

HCo, = conjugate. base
carbonic

H,Co, aohudiase Y 0+ CO, = peid fopms

—_—

Con b (o -‘M"J .
pH = pKa + oj[ﬁ,djij C35H g7 = 735 in Lloud
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e Ureacycle (continued)
o See handout 24-7(relationship ureacycle and TCA)
o Amoniainureacomesfrom:
1. Aminoacid->glutamate ->NHs -> carbamoyl phosphate ->urea cycle
2. Aminoacid ->glutamate ->aspartate -> ureacycle

Regulation (Enzymes and hormones)
o Whyregulate? - conserve resources and preventafutile cycle
o KineticRegulation of Enzymes
o Regulation frequently occursin branch pointsin reactions

I mgul@mm fedback @.
. v, /7

1socitrate > 3lm+
ﬂgvlo:h"l:,">\l/ j:]\_\_> — 5 ﬂfgi”iné Rotbacle rﬁ

SUCCan,(OA nfu

o Enzyme Kinetics:

VMA¥ T

£F+S —={(S—>L+P

ASSUMP"LI‘GV!S
v @ steady statt (L£5] corstant)
%V,ﬂ.x"""; @ [s]>>>[F]
é @ ES C,ompkx o rmation occv(s
H @ V= ,',,,'-]-;'4,1 \/alocf-n"y

VMnx

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

(s]

e Cannotdolineweaverburkforsigmoidal (will not be linear) - do a Hill Plot

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

o Isocitrate dehydrogenaseregulated by ATP and AMP levels (regulated by intracellular modifiers) and not the substrate itself

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.

e ATPisnegative modifierof isocitrate dehydrogenase
e AMPis positive modifier of isocitrate dehydrogenase
e Feedbackinhibition forisocitrate dehydrogenase - ATP

Hill Plot (rate vs. modifier concentration)

Omdrfier

Hill plot of modifierand shows
1. Nformodifier

>
n>l Fos"""/‘ mf&’a"'“’fj 2. Kddisassocation constantfor positive/Kd orKifor negative
‘Dﬁ/ vita n=l ro Cccpyajiw-/y
Vo™

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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Enzyme Regulation
o Isocitrate dehydrogenase:

isocrhrate dehydgnase

+

isocitrgte + NAD

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

ATP |- modifier
ATP generachn P ’?+AWN1;
Yy
ADP ATP
+ Pr(:, + HZ_O
Pm‘l\wnuls

o Adenylate Energy Charge (E.C.) - represents ratio of charged to uncharged adenylates

e.c.= [atp]* 5 [aop]
[AMP] + [ADP] + [AMP]

Livir\g Cell:
[TP]= 5M
[ADP,J g ,mM 5+/+().2

[AMP] Z0.2mM\

as Par‘f‘a:\"e_ +ATP

"‘Keﬁ:j/ufardc + NADH + H' +(0,

enylafe kivase
L)ZADP qu € Klras

T ATP+AMP

£C in /wmj cells ~ 0.85~-045

R-type
Enzyme hasregulatory adenylate bindingsite (distinct from substrate active

site) for ATP, ADP, AMP that affects enzyme activity. AMP binding affinity for
site is much highersince AMP isin low concentration compared to ATP

L; Nase,

sPar+a+e_
Joesn't have  adenylate reg. l,jn//‘nj site

ATP T ADP compede active SH’C, ATP (S Svbs?rate in active site.
Compehtive tnhibit on

,' 1. Active site for ATP as substrate (higher affinity for ATP in PFK)
(P'f\;fe) { 2. Regulatory ATPsite (lower affinity for ATP in PFK but binds when active site is saturated)
s

\00 g- Pc_enz\’vﬂl_ (A:TF mg.nuufl'ﬂj)
U-type enzype
7 Voo | (AtP vti /,'z;nj)
U-Type
(A
) I ! [ [
25 S o5 1.0
E.C
= PFK-phosphofructokinase
[ e
joo+"— " ; 2 bindingsites for ATP on pfk:
f‘; ;Im cell
txp-
yoowT )
Va ! !
X  Seo T ,
! )
2r T ! !
| l
) } . i’._ ——
25 LS as l

o Regulatory enzymesoccuratirreversible steps
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Notes08/18

Monday, August 18, 2008
9:52 AM

J

Wi

Notes 0818

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

* Hormones canover-ride regulation by intracellular modifiers

¢ Regulation of glycogen breakdown and synthesisin liver:

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

, en s n‘H’La.se
\eegen gheegen =
6}7;’053;(‘1 | a > 3'\1 Logm(ﬂ ranth
€ fype enzyme \ UDP& Fh.,,le,,/,sg

SIUC -6 = IU(. I@ / : > U-DP"glUcaSe
Py 3”"" utP PP L Le

¢ Talkabout3 hormonesinclass:

1. Insulin
= Producedinresponse to high blood glucose, betacells from panaceas,
= Mission: Promote uptake and storage of glucose

2. Glucagon
= Producedinresponse tolow levels of blood glucose, produced alpha cellsin Islets of Langerans pancreas
= Mission: program livertoincrease blood glucose
= Worksalso on adipose tissue to stimulate mobilization of fatty acids (clip off triacylglycerol of adiposetissue and transported to sites of

oxidation)

3. Epinephrine

= Stimulatesglycogen breakdwon in muscle, liver, fatty acid mobilization, etc... willtalk more about later

2. Glucagon:

o Increase blood glucose, so stimulates glycogen breakdown.

o Stimulatesgluconeogenesis

o G protein-bind GTP and GDP. Large family of signal transduction proteins.
= Glucagon stimulatesaheterotrimeric G protein
= G proteinalphasubunitoccupied by GDP, inactive
= Glucagon bindsto livertransmembrane receptor protein, conformational change, interacts with G protein, GTP binds instead ofGDP,

activates AC, activtes cAMP (second messenger)

ac'vndw' v
A. G (GDPG,G, sl e Gu(6TP) + G4Gy

inactive GTP GoB actHive

B. 6" (G—TP) * udchq [ate Cye lasg. — G,,( (GTP) ﬁkm/&’lc ch(Afe
inact \/r,) @G'HVC)

Cl inactvation (no+ r{%u_{ﬂhftﬂl (onsfnﬁf’/n’ occwrng and éemj ofeampép’ Nieed corktont Ao/mo/y, bound
4,0 for activit ty.
G (6TP)-AC —% G (cPPG Gy
GFGK AC inactive
Phos P [qorq lase
cAMP ——— pvp

Hzo

o cAMP stimulates cAMP dependent protien kinase
= cAMP proteinkinase has 4 subunits (2 regulatory)

R,C, + ZcAMP = Ry(cAmp), *2¢

noctive active
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= Amountof active cAMP dependent protein kinase is directly proportional to cAMP levelsin the cell.
o cAMP dependent protien kinase
= Whenactive (see diagram) phosphorylates 2 proteins
1. Phosphylasekinase b (inactive) ->phosphorylase kinase a (active)
¢ Alsoknownas PKA
¢ Phosphorylasekinaseathen activates phosphorylase a (active) by phosphorylation to break down glycogen
toG-1-P
2. Both cAMP dependent protein kinase and PKA activate glycogen synthase (less active) to prevent futile cycle

o glucagon favors phosphorylation to stimulate glycogen breakdown in the liver

o Glucagonre-enforces the phosphorylated state by causing the activation of a phosphatase inhibitor

CAMP’U\LPW Pn+cin kl'nhSC.

.._——“_\ ATP 2ADP
msulin achidy / glocagonocholy
phOSOPm‘f&En J Phafp[wpr&lg,,\
P‘noSp'ADC"ASC [o;\osP hotase —
inhibitor inhibitse
(inactive) « (uetive)
v H,o

msulin —D'cpwdm'f‘ Phaspkofuse_
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Notes08/19

Tuesday, August 19, 2008
10:02 AM

&
Wil
Notes 0819

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

e cAMP dependentprotienkinase actson
o Phosphtase inhibitor
o Phosphorylasekinasea
o Glycogensynthase

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

insvlin ruf;hf ]0( “
o) [wpssq=] T
m;m);rnn-b
@ - v / ! 7-®
u inside cell
n n +
fouslplna-l% ”g actie
Plr\oSPL\"P'O'fe,iﬂ PL\ofP’MOLASL inhibar —@ W’b Io/ws;p/'gafﬂtmn Pho:p/mfarc ,‘,.A;/nhr

achive ¢ (Imc/fvc)

¢ Insulinandglucagon affectglycolysisin 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

¢ Insulinand glucagon affectlevel of F-2,6BP
o F2,6BPstimulates PFK by:
1. loweringthe Kmforf-6-p
2. IncreasesKifor ATP and citrate (inhibitor disassociates easier stimulating PFK activity)
o Inhibitsf-1,6bisphosphatase
1. DecreasingKifor 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 asecond messenger (not ametabolite)

CHEM 153C Page 21



Notes08/20

Wednesday, August 20, 2008
9:59 AM

3

wha

Notes 0820

Audio recording started: 10:02 AM Wednesday, August 20, 2008

Liver Form present

Insulin K/P (kinase
phosphatase)

Glucagon K/P-P

Muscle Form present

Insulin K/P (different
isoenzyme)

Epinephrine | K/P-P

Pfk-2 . f-2,6bisphosphatase - [f-2,6BP]

+ -

- +

High

Low

Pfk-2 f-2,6bisphosphatase | [f-2,6BP]

- +

Low

[high

Midterm material stops here. Followinginfo willnot be for midterm.

Glucose trafficking
o Tissue specifictransporters

o Glucose uptake inlivercells:

bload

[ole]R5mM

l vcos
S T

hi 3\'\ (’“Poa

bolood

ale |

m

embaane

le]

7Y

J
ADP

Effect Notes

Favor glycolysis

Favor gluconeogenesis
Effect Notes

slow glycolysis Muscle cellsdon'tdo
gluconeogenesis, dumps
glucose into glycogen stores

Stimulates glycolysis Increasing Ca2* will increase
K/P-P to stimulate glycolysis

3’(_ G-P
8 \ centrad metabolic Fa_#:wm’s

inhbit by F-6P
(no‘f‘ +7f|‘¢q’9 ’hddhq&’)

hesokinase Used low %"J
sluaa Amo\ie USQJ }l'j"\[élcj

lwver

N
)

ADP |,

le— %
Aﬂj 3/Vwkmﬂ\5€ ‘

K
(angc)

GK= glucokinase

GKRP= SlucohnaSc regulotory profein

h'sl'\falc_]

Pancreasalso has GLUT2 transporterand equilibrate similarto liver as to gave blood glucose levels.
Insulin secretionin betacellsisbased on EC(energy charge).
Can'thave enzyme like hexakinase because itisinhibited by G-6-P, have glucokinase instead which
allows forhigh EC

o Glucosereleaseinlivercells:
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Glycogen breakdown and/or gluconeogenesis \

five GleC-P frarsp?

CHEM 153C Page 23

N

Glc-6-P

Deficiencyin (glycogen storage diseases):
o Phosphate transporter
o Glc-6-Ptransporter
o Glc-6-P phosphatase
Symptoms:
o Lowbloodsugarwhen fasting
o Liverinfiltrated with glycogen
o Can'tdo Cori cycle without gluconeogenesis
so buildup of lacticacid (lacticacidemia)



Notes08/21

Thursday, August 21, 2008
10:03 AM

o
WMl
Notes 0821

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

blood m l/Sc,l(, 3/\150300
5 hexokinase /
5'(/(—— 61(, ’ﬁ-ﬁ 6fc-(s'f>
AP ADP \\
S Cepdral metabolic Fa://m//tgf
e Insulinincreases GLUT 4 receptors on cell membrane

non nsulin  ctate i suhn s fate
blood musele blood muscle

e

SIL0 (protein thecd bolds BAS/GOP baond state)

_L N <AU'{§ a’éF
/of T l< “C‘Hyaﬁs afj‘l\la{'tS
EA!DS (klr\o\sq,) I(SR "ﬁ_‘(fwul('r\
! ®
GLUTY
+( ons 'aCa:h ln n SI‘ WIS‘ o

e Exercise decreases EC, turns off ASK 160

/ [ATP /4 Dp]
Y

AMPK (I'ncrzo'iL/c role in /lf:lﬁl mfabo//'ﬂ"’\>

Amp Emase
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AMPK (I'ncr(JiL/c role i /IFIdt mfabo/l’fﬂ’\)

Amp Emase

¢ Photosynthesis
o 2typesof photosynthesizing organisms

= Eukaryotes
0 Green plants (02 evolving photosynthesis)
o Algae (02 evolving photosynthesis)

= Bacteria
o Cyanobacteria (02 evolving photosynthesis)
o Otherbacteria(anaerobicphotosynthesis)

o VanNeil equation

o + A —— 0 + Al

e donor C‘GCCCP'f'o( oxidized reduced
o(onor’ ACCe'O’I'of
OL e,volvmj HLO COZ OZ C HLO
anoerobic HZS No'g B Sa N"llg
anoerobic "rggj‘i;rm H‘t {\[Z oxidized svbstrates Hz , ZNHS

h
H,0 ¥Co, — CHoO +0,

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

e 2sidesofthylakoid membrane:
o Outside:Lumen
o Inside:Stroma-fixing COzinto carbohydrate

e 2typesofreactions
o Lightanddark reactions - occur onlyin the light

Plﬂn‘\'a&lto‘{'ray\ ‘h-a\v\{F(J(-
Pha{-,, P}\afrb r\1(0\-+|'d)’l

ZH, 0N _wv_~ 0, lignt y

72 NADP* JZ(NADPH +144)

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

Friday, August22, 2008
10:07 AM

o

WMA

Review

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

¢ Glycolysis-interconvertable pool

e Malate/aspartate shuttle
o When PEP vs. malate/aspartate

e Fattyacid catabolism
o Lotsof structureson 1st page... won'task
o Know how todraw palmatate
o Fattyacid must be activated by enzyme fatty acyl coa synthetase (on outer membrane of matrix) (won't worry about structures or
mechanism)
= Carnatine shuttle - know how it operates
o Carnatine acyl transferase lis important regulatory enzyme
o Acyl coais in matrix and now beta oxidation - know how much ATP (NADH 3 atp, acetyl Coa is 12 ATP, FADH 2ATP) . Know structures and
stepsetc
= Unsaturated betaoxidation - don'tworry about
= Odd chainfatty acid - propinyl coato succinyl coa - know structures, enzymes, etc
o Evenchaincan't be usedto replenish citricacid cycle but odd chain (propinyl to succinyl coa. Can be used for net synthesis of glucose)

¢ Ketonebodies
o Acetyl coafrom fatty acid metabolism has 2 fates
= Carboncompletely oxidized by TCAand get ATP
= Usedinsynthesis of ketone bodies (synthesized liver mitochondrial matrix)
o Know pathway, enzymes, and structures, mechanisms
o Know why liver cannot catabolize ketonebodies (lack enzyme)

e Know mechanismsthatare similar

¢ Glyoxylate - certain microorganisms can grow on substrates that solely produce acetyl-CoA, need way to replenish TCA... glyoxylate

o Acetate, even chain fatty acids as only growth medium

o Isocitrate lyase and malate synthase

o Know the glyoxylate pathway. Know structures, enzymes, mechanism

o Seedsofsome oil producing plants can use those fatty acids as energy source during germination before photosynthesis... developmentally
regulated. Glyoxisome organelle contains beta oxidation enzymes and glyoxylate pathways.
Inorderto do glyoxylate in glyoxisome there must be a pool for oxaloacetate

o

e Aminioacid catabolism

Responsible of enzymes and pathways
Alanine - ATto get pyruvate
Serine

Asparagine

Aspartate

Arganine!

Proline!

Glutamine!

Glutamate !

Isoleucine- complicated pathway.

O O 0O O O O O 0O 0 O

[e]

Strategy
1. Remove aminogroup (aminotransferasereaction (PLP butwon'tdeal with)). Alphaketo glutarate - glutamate . Keto acid skeleton

= Some amino acids ketogenic, glucogenic(don't need to know)
e Ureacycle- knowit.
o ATPs
o Mechanism

o Contributesto pHbalance ->aidsin excretion of bicarbonate ->lower pH of blood (acidify)

e Hormones
o Insulin, glucagon
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Nothingabout glucose trafficking

Glycogen breakdown and synthesis

Glycolysis and gluconeogenesis

True false questions (resonable unreasonable)

O O O O

e Comparisonwith skeletal muscle - know the table in notes

e Don'tmemorize glycolysis and gluconeogenesis
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Notes08/22

Tuesday, August 26,2008
10:03 AM

o
WMA

Notes 0822

Audio recording started: 10:03 AM Tuesday, August 26, 2008

Photosynthesis

e Handoutpg?2.
o Don'tneedtomemorize table
o Chlorophyll a, chlorophyllb, and cartenoids absorb energy (photons) and transferto reaction
center

e Handoutpg3.
o Reactioncenters P-700and P-680

v

e,

ChiA —=ChIA® + A ——— Chlg + A

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

o Unfavorable electron transport driven by absorption of light to create NADPHand ATP

e Z-cheme of photosynthesis

o Waterisusedto replenish electrons from photoxidized P680. Light drives reaction, not water donating electrons
+0.8 to -0.32 redox potential is not favorable (mammal respirationis -0.32to +0.8 whichis favorable).
Cytochrome beF complex are purely electron carriers ->protons pumped from stromato luma.
Plastocyanine - donates to photoxidized P700
Fd-NADP*reductase

O O O ©

o How many photons have to absorb to make NADPH?
%Wﬁ)m rthirUYM“}'S
H0 + NADP" > fOz + NADPH + K ! 4 hw
ZH,0 + 2NADP % O, +INADPH+ 7 #* < hv

hv

o Cyclicpathway allows for proton pump from stromato lumen for ATP synthesis

o NADPH productionisfrom noncyclicpathway.

o Balance of ATP to NADPHis maintained from high [NADPH] feedback on noncyclicand favoring
cyclicpathway for ATP synthesis

o Stoicheiometry
= 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'l'eA*

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

o Bufferingin mitochondriais mostly membrane potential.
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Wednesday, August 27, 2008
10:00 AM

g
sl
Notes 0827

Audio recording started: 10:02 AM Wednesday, August 27, 2008

12H,0 60,
lfg\rrl' reoctong
N]
IZNADPY l2(NfoP+H*)
134 ALY, 7;) (3 (ATP H,0)

do.ck regchons

Cu le Ob GCOZ

e Calvincycle

o Scenedesmas (green algae) radioisotope carbon and interrupted (killed) at different time periods to discoverorder

v

|'-lC()Z _— WC‘[%{”{@‘ Praolvoff

(H"Co;)

g’pMOSph05,|1waif‘<
hww([w Ialoeldglcoo -
H-C-0H
CH,0PC"

3co,

3(ribulosc ‘l,S-bis@)

-
%ADP(

LATP

é(ribu'ose-S-P}
N

KU BP Wbokg/qse

N}
A (SPI"OSP}""{)/"( wrm‘c)
phosphoglyserste| - (ATE
kfflaL55

LADP

( (15bis pheshaghycerte)
3’u1ce/aue}u10'c-3' GNADPH
PhoSP“A:"C ddlq/’b!w‘s

P, < NsnAoPt

% Slalye-3-P) + lglyc-z-P

O'Hq,,(_;

;LAV P
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Recovery reactions s

9! U—E’P

G © Gy |dolose Co
DHAP + 9|.1—3-P R ‘fon‘l"osc-ll(,‘Bisﬁ
tarsketlase 3"1‘3_P
C:
N Cy
XUMDSe'S‘P + &f\ﬁ[nrose'q'@
DHAP (From gly~5P)

aldolse <

C
edoheptase |, 7-bisphos.
P
Ca v Cs
Seolol'\ep'f'ose -1- @ * q [‘1 -3-P
+rons keto IASb

Cs Cs
vibose ‘5"p/105P}Iﬂ\7LC * X3/u lose ~6-P

X‘\-.,*CBE-A 7
J’\/K\

&*CS —>(+Cs

net 5(C,—> 3(Cs

¢ Transketolase has cofactor- TPP (B1 vitamin) - carries activated 2 carbon units

e Energetics
Hypthetical process | 6CO2+ 6H20 -> CsH1206 + 602 AG? = +686kcal/mol | Notes: nolightenergy
Real process | 6CO2+ 6H,0 12(NADPH + H*) + 18ATP-> CgH1206 + 602 18(ADP, Pi) + 12NADP* | AG® = -120kcal/mol | Favorable by lightenergy

o How many quantarequired?
#CO:fixed | # NADPHrequired - # of electrons required - # of ATP required . # ATP produced . #of hv required
1 2 | ge 3 '3 |8 '
'6 :12 :24e’ :18 :18 :48
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Notes08/28

Thursday, August 28, 2008
10:06 AM

&
WMA

Notes
Audio recording started: 10:06 AM Thursday, August 28, 2008

e Ribulose-1,5bisphosphate carboxylase. Canalized by light
o 16subunitenzyme: LsSs(8large, 8small)

o Kmcoz2=250uM (lessactive form) (CO> dlssolvesiwit;: 10ul\4)‘ apersne
ACT
ATP T AOP
Lf”!’uﬂH’ hV /O_‘
A
- 201 < - - NI |
l\15 20 -I-COZ Mj /\15 201-NH C\\.~ M@

l‘w N

e 2-carboxyl arabinitol (pentose alcohol) binds and blocks binding of CO,

o Howlightregulates process?

o Factorsforlightactivation:
1. [Mg**]increasesinstromainlight
2. HigherpHinstromainlight(lysside chain unprotinated-NH>)
3. HigherATPinstromain light

e 4otherenzymesincalvincycle regulated by light
1. 5-phosphoribulokinase
2. Glyceraldehyde-3-phosphate dehydrogenase (NADP*)
3. F-1,6bisphosphatase
4. Sedoheptulose-1,7bisphosphate

o Pathway (forall 4):

fd= forredoxin fir= forvedoxin  thiorefochse T=Hhioredoxin

SH
)( Z{’J(ox)j FTK X X7 active a’lZ(/W\gH
Y 2 fd (red) {’TK = / SH inactive enzyme S/S

System COz Oz
Photosynthesis Uptake Release

Photoresplratlon Release uptake

o Photorespiration - light dependent

[CO2] [02] Relative efficiency of phtosynthesis (efficiency =amount of quantaneeded to
fixaC0,)

[atm] 10mM | 21% 100%

[atm] 2% 145%
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Oxygen can compete foractive site of RuBP carboxylase-oxygenaseto give 3PG and 2-phosphoglycolate
(phosphoglycolate has to recycle carbons which takes energy)

Metabolism of phosphoglycolate:
= RuBP+0;->2-phosphoglycolate +3PG
= 2-phosphoglycolate ->Pi+glycolate
= ->glyoxylate
= ->glycine
= ->serine +CO;(glycine cleavage pathway. Requires 2 glycines)
= Lose 2 ATP which makes photosynthesisinefficient

Raise temp and/orlightintensity, electron transportisfasterand less efficient

Caplants fix CO2into 4 carbon compound and are well designed to combat photorespiration problem and
grow in warm temperatures
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Notes 08/29

Friday, August29, 2008
10:03 AM

o

WA

Notes 0829

Audio recording started: 10:03 AM Friday, August 29, 2008

e Ciplantsare adaptedtodeal with photorespiration
o Caplantshave differentanatomy
=  Mesophyllcellssurround bundlesheath cells
o There are many types of Cs but just need to know malate dehydrogenase, decarboxylating type shown in notes
= PEP carboxylase has high affinity for CO»
= Malate transported and regenerated and goes onto rubisco.
= COzisnotverysolubleinwatersothisconvertsitto malate whichisverysoluble in water.
= Whendecarboxylate malate, coupled to NADPH production. If have high NADPH then goes by cyclicelectron
transporttolevel out NADPH/ATP levels. Cyclicdoes not produce oxygen.
= Photosynthesis by C4plants costsan extra2 ATP for each CO; fixed due to pyruvate to PEP conversion to
replenish
= CO;fixationisspatially fixated

o Crassulacean acid metabolism plants (CAM) - cactus, aloe, etc
= CO;fixationseparatedintime ratherthan spatially fixated like C4
= CAMplantsaccumulate dicarboxylicacids (malate, OAA) at night as stomata open up and PEP carboxylase
acts to make dicarboxylicacids for storage
= Whenlights come on stomataclose and calvin cycle enzymesturnon.

e NADPH
o Compare reduction potential of NADP and NADPH
* Eo forNAD*/NADH+H*=-0.32V
» Eo for NADP*/NADPH +H* =-0.32V
o Functions:
1. NADservesaselectronacceptor(oxidant) forsubstrate oxidations
2. NADPHservesasan electron donor(reductant) for biosynthetic substrate reductions

Ir\ !\VL/

[NADH] = L £ ! :EO’_ 2,35_1 {Dj /»—’cJouj
[NA D-'} (00 " F [ Okl’a’l’Z?o!_]

(W aoPH=H] = [og

—

[ NADP] |

1

fo [NADHT/[NAD*J%O'Z , L = -gzav 10.06V=-0.2UV  acept e
for [WADPH+H'/\ppp |10 £ = 032V G0 V-~028\  fute o~
N

o NADPH utilization pathways and regenerating pathways maintain 100/1ratio
= Regenerating- photosynthesis

4 Skutolosc
C.+c. ZZ—— 7 1.
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¢ NADPHisusedtoreduce Spectrin - keepsred blood cellsin good shape

¢ Transketolase usescoenzyme TPP
o TPP-resonnance stablized 2 carbon carrier
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Notes09/02

Tuesday, September 02,2008
10:01 AM

o

whal

Notes 0902

Audio recording started: 10:02 AM Tuesday, September 02, 2008

e Waystoregenerate NADPH
1. Glucose-6-P dehydrogenase
2. 6-P-gluconate dehydrogenase
3. NADP*malicdehydrogenase, decarboxylating ("malicenzyme")
= Incytosol
4. NADP*isocitrate dehydrogenase
= Incytosol, differentthan TCA enzyme because uses NADPHand not NADH
5. Non-cyclicphotoelectron transportin photosynthetic plants
6. Mitochondrial energy-dependent transhydrogenasion
= Proton motive force

e Pentose phosphate pathway (regulation)
o Whatdictates glucose goes through glycolysis or pentose phosphate? =EC (interconvertable pool
of hexoses)
o NADPHiscompetitive inhibitor of NADH for PFK
= When NADPH s high then PFK activity is slow

e Fattyacid biosynthesis (notreversal of beta oxidation)
[ Fatty acid synthesis [ Reverse betaoxidation
. location . Cytosol . Mitochondria .
. Substrates . Acetyl-CoA . Acetyl-Coa
. Reductants NADPH, ATP, HCO" FADHz, NADH + H*

o Acetyl-CoA carboxylaserate limiting step and highly regulated

V4
9 acetqGh wa"lal 9
CH,CSCoA + ATP+ Heo, &———= 0-C-CH,cSCA * ADP + P,
bichs e wiolonyl-(o A

= Existsin filaments of polymericand monomericform

citesde (i'rocrffm‘»)

. ] .
Mohoretic e po lyrtric form
~

Fa\lwu{--# Gt

o Fattyacid synthase
= 6 catalyticactivities
= Associated protein (acyl-carrier protein or ACP)
= Malonyl-CoAissource of carbons (built 2Cata time) with acetyl-CoA rate limiting step
producing malonly-CoA
= Mechanism of step 3:

0\\ N (Io ,O— o '(‘D "O
_Q,C-CHZ‘ C-SACP ——> | He=C-SACP CHeSe T CH;COH, C-SACP
Co, I HS-£

7
KE-C ~SACP

= Termination enzymes stop chains from continually growing.
O Temperature can determinein e.coliif fatty acids are terminated at shorter orlonger
lengths
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o How manyATP?

d
fodty  TCULSCoA + THCO, + TATP — 7 00C-C H,-6 SCoRY TADP+ TP,
och
5\1;4““'\ ) % c? , i , ]
T00C-cHCSCA *+ CHESCA+ U(NADPH +H ) — CHy (cH, )y CO0™+ RCoASH+ 14 papP + T,

2, 9
%CH3CSC0A 4 TATPL M (NADPH 1) I CH, (11, )y Coo ™+ S

E‘OXI-O(A'{'\OV\ ) FA. 5\1”'“\05' s
AMP1PP; 5 %CH:,CIISCOA IATP
1FADH, « lNADPHH#
TNADH+H T
ATP CHS [CH‘L)H coo” | gcf;P,;PL.
S
7/5):.;65“ 1AL
7HD =7+ (1y=3)= -49ATP

(7%2)4 (7%3)-2 = +33ATF
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Wednesday, September 03,2008
10:03 AM

&

whal

Notes 0903

Audio recording started: 10:03 AM Wednesday, September 03, 2008

e Fatty Acid Synthesis
o Tricarboxylictransport system
= Transportdriven by ATP, not AG=0 like shuttle systems
= Cantransportcitrate and isocitrate
= ATPcitrate lyase creates oxaloacetate and acetyl coafrom citrate.
= Oxaloacetate to pyruvate converts NADHto NADPH (2step)
= (Citrateregulates PFK

e Regulation of fatty acid biosynthesis and oxidation in liver (see handout)
1. Carnitine acyl transferase |
= Transports fatty acyl coa into mitochondriafor beta oxidation
= Negmodifier: malonyl coa
o Highmalonyl coain cytosol, carnitine acyl transferase isinhibited
2. lIsocitrate dehydrogenase
= |socitrate toalpha-ketoglutarate
= Rtype enzyme:Regulated by adenylates.
o High ATP slows activity of isocitrate dehydrogenase
o High ATP favors movement of citrate to cytosol
3. Citrate lyase
= Regulated by energy charge (Utype enzyme)

= Positively regulated by high levels of NADPH
0 G6PDH creates NADPH s cytosol. Increase activity by increasing glucose amountor
inhibit PFK activity (interconvertable pool). PFK is regulated by energy charge and
citrate.
5. Acetyl-coatransferase
= Polymerized active form and monomericless active form
= Polymerized formisfavored by high levels of citrate

AMPKK
AMPK O _,ADP

> AMPK'@(M‘HVQ) AMPKK = AMP kinase kingse
(inactive) p; o K7 , ADP

AMPL - AMP Kinase

aceﬂ, [ oA - M¢+3/-CDA

Ca,Lo\ﬁy lase Cgréox‘g/asef'P
(Polym"Z(/'aLHv&) (Momovvuszc - /f,SS a(,ﬁve) When AMPK is bound by AMP, it can be
IN phosphorylated by AMPKK
f U, 0
insu[fn d(_p@no'u\"" Plf\nSPL\d'aSq AMPK cannot be phosphorylated (active) unless AMP levels

are high (ECis low) via conformational change by bound AMP

e Liveringlucagonstate
o Makingglucose by gluconeogenesis and making ketone bodies
o Donot wantto be doingfatty acid biosynthesis under glucagon state
o Glucagon favors phosphorylated state - creates phosphatase inhibitor which favors phosphorylated state

e Whydoes fatty acid synthesis not use cAMP dependentkinase
o Notalltissuesrespond to glucagon and cAMP dependentkinase
o Universal regulation system sensitive tolocal energy charge of AMPK and AMPKK bettersuits all tissue types
o Inlivercellsactivity can have high activity in high energy situations by cAMP and hormonal regulation
¢ Inan AMPK state, stimulates mitochondrial oxidation in muscle cells. In AMPK activated state muscle cells produce more mitochondria.

e Exercise formildtype Il diabetes - oxidation state is stimulated and can overcome some mild diabetes

e Isoform of acetyl-Coa Carboxylase
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o ACC2-muscle
= Heartand muscle do not need to synthesize fatty acids but why have thisisozyme?
O Tosynthesize malonyl-CoA
O Malonyl-CoAinhibits carnitine acyl-transferase |
®  Acetyl-coacarboxylase Il (muscle) is there purely for regulating beta-oxidation
¢ EClowthenbeta-oxidationisactivated

e Hormone state of triacyl-glycerol
o Glucagon mobilizes fatty acids
o Hormone sensitive lipase in adipose tissue - breaks down triacylglycerol to fatty acids.
= Activated by glucagon and epinephrine
= 2states, phosphorylated and non-phosphorylated state

¢ Phosphatidyl choline

0
o CHZ - O“CI,"‘Rl Fatty acids
2 S ) Glycerol
2 C-o- Cr " 0 cl‘b Phosphate
doen b _ Ethanolamine
CH~0 Pro-CH,CH Nt methyl
o CH;
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Notes09/04

Thursday, September 04, 2008
10:02 AM

o

WA

Notes 0904

Audio recording started: 10:03 AM Thursday, September 04, 2008

e Biosynthesis of triacylglcerols

1

Diacylglycerol
= Fatty acyl-CoA synthetase same asin beta-oxidation
= Costs4 ATP equivalents

2. Phosphoethanolamine
= Serine ->ethanolymaine
= Activate ethanolymine with kinase and CDP and transferred to diacylglycerol
= Costs3ATPequivalents
3. Phosphatidylcholine
=  Methionine +ATP ->S-adenosylmethionine (SAM)
o SAMhas active methyl fortransfer (like cofactor)
= Phosphoethanolamine + SAM--methyl transferase 3x -->S-adenosylhomocysteine (SAH) +
phosphatidyl choline
= Costs9ATP equivalents(3x3)
o Total costs energy 16 ATP
o Possibleinclass exercise, calculate ATP required to assemble a glycolipid or something, don't
focus on memorizing this specific pathway but logicand energy behind it.
e |soprene

/L/ C[o ol VV\OV\O‘{'CXI'_)UAQ

Cis ~ Sesqui Terpene,
1Soprene. C 2o > diterpent
Cio © +ri+¢rPanc E'Sfafo/
CL,D = '/'C'/'v’a’fefpanej = cartenoids

e Cholesterol
o 32stepbiosyntheticpathway
o Acetateissource of all 27 carbons of cholesterol
o Pathwayelucidated by radio labeling

o

= 3-R-mevalonicacid (earlyisotopelabeled intermediate)

3!
2% ,0 ‘
2\ ﬂC’&z/ ,C‘ CHs #2 I’O\A{o(aée,leﬁ Carbon /ﬂCorPVaf@}
C - ¢ #/ + & ! . 4
-0~ \2) HZC'%O,(/ not,  pmus Ae, cea\/w' N /D"J'W@

Cholesterol metabolism happensin cytosol, uses some of same enzymes in ketone body pathways but have
cytosol formsinstead of mitochondrial forms.

HMG-Coareductase is rate limiting step and regulated by cholesterol, hormones

Phosphotransferase, kinase, and decarboxylase to isopentenyl pyrophosphate

Head to tail condensation by prenyl transferase 2x
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o Headtohead condensation by squalene synthase with NADPh ->NADP
o Squaline tolanosterol by squaleneepoxidase
o Lanosterol to cholesterol

= Some carbonlossthrough 2 decarboxylations and formicacid released to go from C30 to C27. Lots of loss of

double bonds and oxidation. Lots of NADPH used

Regulation of cholesterol synthesis
o HMG-Coareductaseis highly regulated
= Transcriptionallyregulated
= Feedbackinhibition by cholesterollevels
= Regulated by phosphorylation

insvlin stafc
Po > HMGR AP He Py
active \
ingulin = PPase— _ m\ifﬁK'v_z@ f;‘mg?\m
insulin shmuldes =
et o HMGR-® S ppp o ATE
nactive

3lu¢aao,\ s'/~o~+€
(M.LJW“CDA to LCZ“O/I(_, L)oAlCS n /]'\/cr)
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Notes 09/05

Friday, September 05, 2008
10:02 AM

o
sl

Notes 0905

Audio recording started: 10:03 AM Friday, September 05, 2008

¢ Lipoproteinstransportlipids:

hosp™ Lo\
P etere!
L/a,v:\’ - cko\l_‘?;,wns
Nﬂ‘?
/l'P"PN'lC 1
core Lriac | l\1“/°
,::olcq A esters

¢ Apolipoprtoines
o Chylomicrons

= Types(ordered decreasingsize and increasing density)
1) VLDL(TGrich, low density, large size)
2) IDL
3) LDL
4) HDL (cholesterol rich, high density, small size)

= HighTG/Cholesterol =lowerdensity

¢ Handoutfigure 11-53
o Dietaryfat(TG) broken by lipases and repackaged into chylomicrons.
o Cll=activates lipoprotein lipase (come from HDL)
o ApoE=activateslipoprotein lipase (come from HDL)
o ApoB-48=bindsremantsreceptor
= Remantsreceptoronlivercells
WhenVLDLisreleased from livercells, doesn't have ApoE and C-II (those come from HDL)
o IDLthoughtto be a transition from VLDLto LDL, but have no real discovered function different
from LDL.
o LDLfunctionistodelivercholesterol to peripheral tissues
® HasApoB100 protein=bindsto LDL receptorson liver

o

¢ Deliveryof LDLto extrahepatictissues
o ApoB100binds LDL receptorand taken up by andocytosis (receptor mediated endocytosis)
= Increase in ACAT synthesis (acyl-coa cholesterol acyltransferase) which breaks down
cholesterol to cholesterol ester droplet
= Decrease HMG-Coareductase synthesis (negfeedback forin cell cholesterol synthesis)
= Decrease LDLreceptorsynthesis
o0 Highcholesterol dietisn't uptaken by cells overtime and circulates around causing
atherosclerosis and other healthissues
o HDLhasrolein eliminating LDL
o Nocatabolicpathway for cholesterol in humans, can only excrete as bile salts
= Liverputscholesterol into gall bladderand excreted into intestine as bile salts.
= Canconsume cholesterol by steriod hormone synthesis but not significant sink to rid of

cholesterol
o HDL participates in extra cholesterol transport from extra hepatictissue to liver
b,+u}
intestine liver ckn\"P meeml tissve
—
PO -Al
e NN AT holester!
a8
She C |~ ABAL
s ARC tronsperter

receptor
Elipposes - frarspoct acress membrane by AP A,Jral«,:is
ATP - loMJl'nj cagelte

o Ratioof highHDLand low LDL isa sign of good health

¢ Tangier's Disease - HDLdeficiency
o Island off Virginia with entire population descendents of Ssettlers. Very rare
o Homozygousdie of heart attack
o Heterozygousgetheartattacksin 30's
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o Deficiencyin ABCAltransporter

Familial Hypocholesterolemia - LDLreceptor deficiency
o Verycommon
= Heterozygous 1in500 to 1 in 1000 dependingon population, heartattacksin 40s untreated
* Homozygousand nottreated heart attacks early 20s
o Treatment
= Inhibitors of HMG-Coareductase (statins)
= Cholestyramine - more dramatictreatment
o0 plasticbeadsthatabsorb bile salts
o0 Pullsoutcholesterolform liver

How to increase HDL
o Increase aerobicexercise
o Lose weight
o Quitsmoking
o Increase intake of omega-3-fatty acids
o Decreasetransfat
o Increase ratio mono and polyunsaturated fats
o 1-2drinks of alcohol per day
o Increase soluble fiber
o Lowfatdiet(30% total calories)
o large quantities of nyacin - will obscure drug urine tests but not good for you

Soluble fibergives gas
o Can'tdigestbutanaerobicbacteriainlowerintestine can.
o Some bacteriafermentsto butyricacid

Ruminents (cows, sheep, deer)

o Can'tdigestcellulose butbacteriaintheirgutfermentsthem and use butyricacid +otheracids as energy
source.
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Notes09/08

Monday, September 08, 2008
10:00 AM
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Notes 0908

Audio recording started: 10:04 AM Monday, September 08, 2008

e Inorganicnitrogen metabolism
o NOzs nitrate ismostabundantform
o Assimilatory NO3 +NOz reduction

_ nitrate reduetase _ pieate reductase g,—gw\gmﬁ
MOE ZC_ NOZ éa_ NHS 60‘0'}'«!4
A”‘J Y
o Nitrification (aerobicresparatory process) P"’“‘ 4
ovgorusMi Orgonigim:
N H‘ nitrs So monss NO ~ it bpctor .
3 E o 1 ) = NU;
be Ze

i )
0 O

2 2

o Electronacceptor
YU)(UC@J C Cow\(aovv\(}s
\J dentri ﬁbm‘ian

e tonsprt  pathway
/ \

e~ Ge
/

v

2N0y "~ 2Ng,"— Z[no] — [N, 0]~

o Nitrogen fixation

Type rProduct ‘ % production - Notes
. Biologic Nafixation . NHs . 79% . Reductive process .
. Lightning . NOs . 9% . Oxidative process .
. Industrial process :12% 12% Reductive process .

= Industrial process
o Invented by FritzHaber(1910) ,
00" C
—
Nz + SHZ 2005t ZNH3

f; Cod‘u.(q st

= Biological
0O N2+ 16ATP + 8fd(red) + 6H" + 2H* + 16H20 ->2NHs + 16ADP + 16Pi + 8fd(ox + H2
¢ 6e:N2+6e ->2NHsz (12ATP)
® 2e7:2H* +2e ->H, (4ATP)
¢ 2ATPpere transfer

o Nitrogenase structure
¢ Cell metabolism reduces Fd
¢ Reduce Fe protein
¢ Exchange of ADP to ATP to reduce Fe protein
¢ Conformation change of protein that favors electron transfer (similar to G protein)
¢ Transferelectronsto MoFe protein
¢ MoFe proteintransfersprotons and makes NH3
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Ho H
NEN =77 WN=Ni —7  N-N, T 7 2V

ZH*2e”  dlimine  ZH'*e”  hydrazine  2H'4Ze”
H NENH'+ Hz Nz + Z/'é_ revessSe. N oceurs, )r.‘;fw‘ PmccSS"u\)hq Such C)goor\ﬂ'lc process
Z0-30ATP in cels

O Ironproteinsare very sensitive to oxygen degradation
O Bacteria

¢ Anaerobic(soils, sediments, guts of termites, association of photosynthetic systems)
O Rhizobia-legumes

¢ Many have bacteria on symbioticrelationship

¢ Rhizobialiveinsidelegcells of legumes.
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Notes09/09

Tuesday, September 09, 2008
10:02 AM

g
wma

Notes 0909

Audio recording started: 10:03 AM Tuesday, September 09, 2008

¢ Nitrogen fixation
o Efficientnitrogen fixationis done in aerobicconditions in association with photosyntheticactivity.
= Risobial association with plants
o Allplantssecrete aflavin fromroots, and if the right risobian encounters the signal, it
induces the synthesis of aglycolipid which causes cell divisions and differentiation.
O Bacteriainvadesthrough root hairsand enter plant cell and continue todivide intoa
rootnodule.
o Fix nitrogeninside by symbioticassociation
# Bacteriareceive carbonfor ATP or reductant for nitrogenase
¢ Plantgetsthe ammoniafrom bacteria
# Beatsoxygenproblem
& Leghemoglobin protein absorbs oxygen to provide anaerobic conditions
& Specialized respiratory chain sucks oxygen off leghemoglobin
¢ Nitrogenase isable to function without oxygen damage
= Cyanobacteria
O Many cyanobacteriado nitrogen fixation
o Cyanobacteriado photosynthesis
¢ Anabaena(syntrophism relationship)

O Growsinchains F‘S.Z', psIr ( )
He berocys™ 23 imptt mipble
€00 PST (loses PSE)

ard nitrogenase

e Incorporation of N fixation (mammals don't do much of this etc)
1. Glutamine synthetase
= High affinity forammonia, can scavenge ammoniaform environment (low Km).
= Highlyregulated enzyme

2. Glutamate dehydrogenase
= Haveseenreverse reaction, freely reversible reaction
= Haslow affinity forammonia (high Km), used when ammoniais abundant

3. Glutamate synthase
= Usedunderlowammoniaconditions and often coupled to glutamine synthetase

ATP, NH, glvt amecte © 7 glutamate + NADP
G.S. glvt synthast
ADP+P. ¢ > slu'f‘amfr\g_ "KG/ NADPH + j+

Summany:  #KG+ ATP + NH," * NADPH* H* ——> gltapmate + ADP* Py + MADP*
¢
)7%64’\ dﬂM*Cf #o  amine acid 57n7¢ﬂ_flr

{Oud [NH..,+] GSis 20-30x more active thanin high conditions
+
NH, + ATP ADP+ P,
G.S.
Slv‘l’o.ma'fc lu‘fmum,

o K6+ naDPHHT
/
v \le

+’f’ JIN.

ﬁIVEOSmm.L
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¢ Glutamine synthetase
o Doesnothave anyallosterism for modifiers
o 12 subunits (2 stacked hexamers stacked)
o 12 substrate bindingsites
o Regulated by feedbackinhibition as well asammonia
o Negative modifiers for glutamine synthesis (feedback inhibition)
= Serine
= Glycine
= Alanine
= Histidine
= Trp
= AMP
= CTP
= Glucosamine-6-P
= Carbamoyl phosphate

L\\qL [NH';}
o Regulated by covalent modification |zATP 12 PP
[o]
\ teande
aden ansesse n
AT o-Po -
(R’@"oH),Z (nT) R-Grote-n |,
wore active less octve
AT
P ATresponds to nitrogen concentration cell
12ADP ey
bl
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Notes09/10

Wednesday, September 10, 2008
10:01 AM

o
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Notes 0910

Audio recording started: 10:08 AM Wednesday, September 10, 2008

¢ Glutamine synthetase - major enzyme for scavengingammonia from environment

@an 5.
ATP - PPC |
more active \Ay‘ less active

GS GS-AMP

P (mj. Pm’ea'n)
P
#G6 u(‘fd(;}f':[ u([UATIIDI—{n‘y\g{e} se Ootke  gAT?
A .
S‘V\('B‘ (movfnﬂ > PP‘: ! gj/” © fb
(/V‘Zldm(_ ”Zo U o P_Il' <
MP.
65— FS-AMP
more active ADI; AT, PL' less active
g @ATP
G=kG o P,

o 18 control parameters forglutamine synthetase, don't figure outall 18 but know how system s regulated by covalent
modification and how these componentsinterrelate

e Biosynthetic pathwaystoamino acids
o Aminoacids come from central metabolic pathway intermediates
Pathways grouped into families
Serine (don'tneed to know enzyme names)
Cysteine (PLP, for o-acetylserine to cysteine. PLP Catalyzes transfer of sulfide)
Glycine
= PLPandTHF cofactors
o THFis a cofactor
= Hasany number of glutamatesonend
= Parentbenzoicacid
= 2-amin-4-oxo-6-methylpterin
= Comesfromfolicacid
o Folate ->DHF -> THF (2 reductions)
= Reactive bits, N50rN10 of THF
= Cancarry methyl, methlene, methenyl, formyl, formimino groups
o Glutamine related (see handout)
= Arginine
1. n-acetyl glutamate synthase
2. n-acetyl glutamate kinase
¢ n-acetyl glutamate semialdehyde

O O O O

4. AT
o Ornathine ->citrulline ->arginosuccinate
= Proline

9. Glutamylkinase
= Biochemical concepts
1. acetylgroupinarginineislike aprotectinggroup sothat itdoesn't cyclize
spontaneously likein proline.
2. N-acetyl glutamate - required positive modifier of CPSI (carbamyl phosphate
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synthetasel)
¢ Don'twantto make carbamoyl phosphate unless have somethingto acceptit
¢ Pool of glutamate measures amount of nitrogen present. *** (used forall AT
reactions, so cells use glutamate concentration to measure ammoniaamount)
Q#1 on final
o 5cofactors
= Circle reactive bits
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Review Final
Thursday, September 11, 2008

10:3

6 AM

o

WMA

Review Final

Audio recording started: 10:37 AM Thursday, September 11, 2008

e Cofactors

o

O O O O O O O O

FAD
CoA
Sam
NAD*

pyridoxalP

Biotin
VitB12

Thiamine pyrophosphate
Tetrahydrofolate

¢ Photosynthesis
o Zscheme-quanta forNAD-> NADPH (4hv, 1.5ATP)
o Calvincycle ->whatfor

= Structures

= Where NADPHand ATP is used -> quantum requirements

= Namesofenzymes

o Regulationrubisco ->light regulation/activase + carbamate (lowers Kmforco2)

= Regof calvincycle bye transport

= Regulation of calvin cycle by e transport

o Caand CAM

O

O
O
O
O

Phosphorubisco kinase
GAP dehydragonse
Glucose 6 phosophate
Sedoheptulose
1-6 bisphosphate
¢ These enzymesare onwhenthelightsare on
Phosphorespiration pathway
Structures and enzymes

= Dicarboxylicacids

= Pathwayofco

= Atp difference between the other c02fixation-->2atp
= Biochem factors

O
O

High affinity enzyme PEP carboxylase
Bundle sheetdoes photosynthesis

e NADPH-what's up with that
o Know production phase of pentose phosphate pathway (2dehydrogenases)
o Transketolase mechanism (don'tworry), but will need to mentionin TPP cofactor problem
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Reactions used touse NADPH

Fatty acid biosynthesis

@)
©)

Know pathway inside and out

Regulation - majorsites and
= cellularfactors that contribute beta oxidation or fatty acid synthesis

o EC

Carnetine dehydrgotenase

Citrate lyase

Etcetc

NADPHand NAD

Hormones - regulate acetylcarboxylase activity.
¢ Acetylcarboxylase must be covalently modified by AMPK
¢ Insulinfavorsdephosphorylated

o Citrate

O 0o0oaoao

Assemble phospholipid

o

No question on pospholipid assembly

Cholesterol biosynthesis

o

©)
@)
@)

Know entire pathway in detail from acetylcoatoispentylpyrophosphate (can write structures)
What happenstoispentyl pyrophosphateto squalenebutdon't have to draw out exactly
Squalene becomes lenosterol, need to know idea of how happens...whatisreduced

HMG-Coa Reductase - strategy phosphorylated by AMPK, regulated by ECand AMPK like fatty acid
synthesis but plus feedbackinhibition by cholesterol

Lipoprotein

o

o

Know majorfunction of lipoproteins
= Chylomicron - transport fatty acids to periferal tissues (dietery fatty acid)
= VLDL- andogeniously derrived fatty acid to deliverto periferial tissue
= LDL-transport cholesterol toall tissues
= HDL-reverse cholesterol transport
Know how LDL is taken up
= Decreases HMG-CoA reducatase and LDL acceptoramount
= HDL takesoutof liver
= Livercan make bile salts to extreme to cholesterol intointestine.
= No catabolic pathway for cholesterol in mammals.

Inorganicnitrogen metabolism

(¢]

O
@)
©)

(¢]

Similtory/dissimilatory nitrogen reduction
Denitrogenification
Nitrogen fixation (energy cost, nitrogenase)
Biochemical dilemma of nitrogenase (02 sensitive)
® Photosynthetic partneringup
O Risobial legume association
¢ heme protein
O Anobena, cyanobacteria
Uptake of ammonia
= Glutamine synthetase and others
O Glutamine synthetase regulation (covalent modification)

Amino acid biosynthetic pathways

o

know
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Final Exam Questions

Thursday, September 11, 2008
1:37PM

Cofactors (15-30pts)
30pts

a. Photosynthesis4parts

b. 1/2involvesstructures->calvincycle
18pts (2pnts + 2pt)

a. Inorganicnitrogen metabolism (no structures)
Nitrogen metabolism (20pt)
No structures ->25pts

a. Geneticdiseases

b. 5 parts->mayillustrate reaction

c. (maplesyrupdisease)

26pts
a. Fattyacidbiosyntehsis
b. Possible structures
c. 1/2 of problem->data from paperto interprate
d. Regulation emphasis

26pts
a. Fattyacid/lipid biosynth
b. Structures
c. Regulationemphasis

25pt

a. Regulation
b. Dataenterpretatoin
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