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Generels
Moemonic - Cilrobe Is  Krebs SM'.\} Subskeale For ﬂam; Orsloacetole
Poducds —» SNADM 4+ 1 GTP (6P—+4®) + 1 CADHy s 2 Co,

Total ATP = 3x(26) « 1x1 + 1s15 = 10
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F AD Vs NAD:
O -FAD %ofns e one ba one , seauediol. Qj ohiffceat  sources. form of H-

- NAD aa‘u poir of elechons ab omce b] same source. form of hndﬁde N

@D = FAD wused in succinale deha&ogeuue.
< FAD used W oz-kelo ¢a|damk. dehadm%mu complex, FAD  owdized  olisulfide bridge  m Lipete
aciol in Trma<3|a5e bo form €ADH, Men lromsfers  eleckms lo  NAD*

—» NAD  used in  most olchadm%emses- Oxidizes  alcohol Yo kelones

@ +Sice SAD Bwe  free  (odicals, 8 Porms k%l\l- Covaledt bonds o emaus. s

— NAD can be free

@ — NADH  used in ""3"'““"3 keebs  cycle, achug as  ichibiee. Whle  FADH,
ot used

® — NADP'  used bo  conved Malote o Ptaruvalt

NADD+ NAOPH
Molate —%4 p(ammle
Cog

Riokin
NADP+ NAOPH AW ADP4P;

Mo\%ahz 7\{-0 P‘amvo\l'e, ciﬁt Oxaloacetole ——7T-b Malate

AAon  NADs



Delatls  of  sheps:

Slep 1 :

Reaction:  Oxaloacetate  + Ace\tzl CoA —+ Cikale + CoASH
Enzxamea Cilrate s«anthqse

Qe%ula\-;ov\: Achvakion / Tahibikion  of anzyme

- Ackvoled ba oxaloacelale  which reslls  in  Conformakional  shape clmwae o“nw:ng
Acely) - CoA o bindl 1o enzyme.

— Lnkbited b‘é citrale

~ Tnhibited \x’ ATP  alloslerically

— Lawbled by  NADH

— Lahibited ‘73 succinal - CoA

O“\ er re;ul alions usMg citrate:
— Ink \i‘il\z nale -limi iilj step  of talacolam‘s. Inhibiling Pl\osploﬁ'vdolﬂmse

— Tn %\uconeozew'sis, it shwaates  fructose- ),6- Bis phosphatose

— P\ow&s cole  n caﬂta acid s«an“\eszs

Le Provioles Acehal CeA  soucce

Le Achvales QCekal Coh ca(bothxe

Ly Inside  mitachondno, (’o&ka acid  extolized. Oubsisle  Witochondria PaH-J acid s“»ll\es:zed

W Citroke brechs  dewn o Aceial CeA 4+ Oxolbocelole. Ondloacelote  reoluced  lo malale
o crme mitochondrel membrane then  owidlized ogain Yo oaloacslale



S’rep 2 -

Reackon: Citrote —= Coi- aconitale —= Tso-cilrole

3 alcohol 2. alcohol - isomerizabion

Enzxamv Aconilose

QQ(}M‘O&\%O!\:
— Tnhibited! la) Yluoroacelote. Toxic, shps  Krebs cydle. Non- compehbve

— Aconifese enzane Contains fe-S  cluslers

—» 1somerizotion RXN;

S¥e§> 3:
Qeac"iom Tsocitrale ———» oc-lte}oahlnml-?.
Ef\zxamv Tsocikole dehzdmgevme

Qe%ula\-ionz
- De‘\zo'fokm + de colboleah‘m.

—+ Rale -L“M'.’n‘nb Sl-ef ' Gesl reaulaihm

- Iakibiled 52 NADY
~» Tahibiled] b\a ATP

— Achivaled albdm'caﬁj bj ADP
- Achvaled al\os&eﬁad\z b'a Ccnz‘

ly muscle -contmclion = oclie =3 moe  ATP



Slep L

Reackion: - Kelo %\ulnro&e + CoA > Succima\ CoA
Ef\'bamv A~ ke‘oalul-owle CWP\CX

Mechoaism  of  or-kelo acid deh‘adm«awse complexces:

— Taclude oL- ke‘o%IulwaEe / Pa(wa& / broached chain  kebo cced DH complexas
(p olonine lz)g N

™p Lipde odd  Goh A0

—» Three enzymes. 5 cofactors = fl;ake Lowng  Cove  for Z)‘:ma . TLCEN

® De cwboxzbse () . Colackus : Thiemin Pyoplosphate  TPP

@ “Vors acylese.. (B2) Adds CoA awdl uses -S-5- b fowske H b FAD. Cofocknm : Lipsic acid
® Dek\ao!mbem(sgg;) TAD lokes M fom  Lpoc acd on ducacjee hen b hoshs  hem fo Mo AADH Gmed
—» Me chanism:

I: CO, (emoved Crom o-kG. PP used . Decwbomalase

-S-6-  oxdize a-kG fo form  -SU + -SH. Lipoic aciedl used. Tmmaadlc.se
CoA is  odded Succiua\ CoA releosed. T{‘w\soc\alase

t FAD  Yohes H Ffom -SH ¢ foms -G-6- again

CAD hosfes H b NAD+ porm‘vlz NADM

Enemy  ansened in NADH ¢ diceter of  CoA

T o = wow

QQ(}M‘QHO!\:
— Achvoted 5«3 Co®

—»  Inhibiled 53 NADH
= Inhb:teo! ‘92 Gﬂ'p
— Tahibiled 52 S(lcoit\\a| - CoA

—v Tahibileal bz Arsenile . Tossc. Not-compatitive



Slep &:

GOP GTP
Reackion: Succ‘ma\ CoA \<.+ SQuecinale
CoA

Ef\zuame . Succinote  hiokimose

Mechanism:
» C\eavo-%c of ktbh enecoyy Ioesler bond ¢ usina enemyy e aoct P; b
GDP va substwle  level Pl\osphoaalalbn

x GTP + ADP —————— ATP + GDP Vi  nucleosidle  diphosphele  Kinase
— buwoking wih by lonfe of s haafer

suger + base [ £ p

Step 6:

Reackon:  Succinate - » fumarale

Ef\zxame +  Succinole Dehgo&maenase,

Mechanism
— Succinele Dehao':a%mee onl; enz‘aue in  imer  mopbrone in  Krebs c%cle

— FAD s  used coather ten WNAD+  becouse FAD cads reduced  more eoszln
Won NAD+.  [AD \w%er E®  vale NAD+  wol em%k e oOxidize  succinale.

— Succinele Dekaﬂmjem»e = CmP\ex )l of ETC

Qe%uﬂa\-ion:
% Tnhibileol by Malonote. Toxe . Compekhve



SteP PE

Reackon: fumaralte v Moalale

Enzxame » Eumacose

Sep 3

Reackion: Malete b Oxoloacelole

Enzsame : Malalte Dekadmaenasc

Mechonism:

— -OH on atleohol oxdized o keto amp

— OG = fos'nlive. Reackon  Oriven Eg slep 1.  Cdric Stan!hee- Which  has AG® e

Oxolvacetote  dunchions:

Giluerse > P%rwe-le

% Pywele_ Caborice
Oxoloacetote
% NADH  NAD+

Aef:!lﬂle > OA _¥4_¢ Malale

orlele 4——— OA ‘7—T Molste
AGP e NAM NAD«



Toxins on e  Krebs caclez

% ﬂouroaceh&e; Aconi’rase fon -conPeh\hve inhibt ko
Cilcote. ——» Tsociele

% Arsenite: ou-kelo a|u|~aaxle o!ehcao\maenase non- ¢ ompelitive
o:.—kdo%\ul-mk —» Succu'o\.a\ CoA

¥ Ma\mk= Succinele D e\\ad:o%emse Conpe\ihue inhibilor

Quccinabe —s  Yumorale

Krebs C!acle inlermedliales  wedl in ofher Pa#l-woasz

2 Cilrole:

L (‘ou-a aoldl s«an"\esls in lver

e Aclivales Ace\a\ CoA cwbwal-se

v Grocks down o lom Aceial (oA, L«.‘ld.‘na bloosl  of fatly  acels.

lv Occwrs in ccalosol NOT  witochondria

% Ob- ke‘aalula\ro.te,-.

Lo Coweded to glu’mmle
b rcmtnz G ABA

L Newrobrvsmilter on NS

X OA- kelo«abluro.les

Ly Comected o [utoming

by kaletol wuscle & oher Hissues
Ly Prolein san“esis

inhibitor



% Smcc‘wua\ - CoA:
L Heme S(an-l\\esis in bone  marvw

% Molates
b Tacreose  blooel %lucose hen &shng, Vior 3(0601\90390?5«'3

b Tn lYeer

% Oxaloacelcte:
L Amino aciel s:on“\es.'s

A{\a9 lerotie R eackons:

—+Since  itermediales n  be  used, we need exchions ot repenish thae
intermediates called mi:\erol-:c reachons.

e Aspwlalre —— Oxdloacelate

% Aloaine ———vpamw&e + W0y ———p Oxdoacelote 1 imf

% Glulomole —» d~~\(;e|-oz|u|'qm(e

% Amino Acids — propiomal CoA — $ucc}na| CoA

% Ao Acds ——3 Fmanle

4

both pamw}e 4 oxaloacelote

oe kelo acds



P‘AN\IO\“E, CNbOXa loce:

— Carboxcablim of pyrwale o form oxaloacelale. Amplerohc reockion

— Needs  biolin Co enzane

— Achvaled LJ Co A

— Founel in k:'dnctas + liver 4+ bamin + adipoca'ea + lbroblasts

— Hiﬁh conc. n lver & \t:dnej

P‘amw‘re + HCOg; - » Oxaloacetale



Oxiclakive PhosPhoyBla‘\-fon

ETC ia imer  mitechondrial membrene:

NApu

Complex 1:
— NADM deh;dmgenou oR NAoM CeC oxioloreductase

NADH NAB+

- -ﬂovaP(‘o\-em- FMN. SMN lakes %e- from NADM. rMN¥DYMNH,
Lodghy bowd b prein

- ‘FM N 3“&5 e ‘0 re - S wron - sulfur- COMP'ex . (7 ConP\exes. >2 1\apes)
L bound b protein

NAoM dehalagumu o Caﬁ
—» Liptd - soluble Co-envaue Q / ubigunone / Q bokes eo  fom  complex I.

U q}ﬁﬁo\e / QH,y Porms.

Cow\?\eﬁ I
— Hos  succindle oleh;drozenose Pad of 1. FAD. fnd of  enzyme

— Succinole » Fumaccle . FAD W, pmduceol DY diredlj
used - Eleckon tonsler -plavoprok:n , ETF- CoQ  onreduclase.

—+ fADH, —» TAD + 1M -\'AD Por‘ of the Cmplex. navoProle.'t\

— te-S  ‘tokes e and gues ] T Co @



)

Suceinle)  Succinele
dWe (m,
NAD* FADH
fa0 a0k

fumarole,

NApn

ConPlex I:
- C\A\vchmw\e b- C, c:mplex . Q - C-3¥ Cc ox:reo'ucl-ase

~ OW, Jubiguowle g 2 lo  Fe-S

- fe-S gives 1 e b C%l c, - Cz‘ ¢ gives
— fe-S gives 1e b QA& b

- Ctat 8 gves e back Y G. & Cac\e

— C\al C, dokes Q" e o a lme Calochrons

heme %roups so each Ffe oda holds one €.
ie Cd T ﬁ.ie’ Cla* c

— fe-S +2¢ / s

o~ € —e ey ¢
Q-c-aele

— Czl- C s wole/ seuble 4  doesn} mwve v

-2 lotal heme fx’od\\elu. Qroups
L, C3¥- c, = 1 (_-kape heme
bocyt-b o L heme + LThy theme

e o

oy

. Twe CoQ lz‘nd-‘tj sifes

membrone

Czt- C

via



"“ﬂ"‘”‘(m

NADH NADY cAone

a0 faon

rungm\e_

Complex IV :
-+ Uses Cu-a , Cu-ay , C‘zt-a , Cnal-a;.@ fe-S

—» Tronsfers o Yo 0,. Sinal e nccep\or‘.(i O; needs lle.'). We

reduckon  becowse Po«rh'ol reoluchon gives radlicals.

— Binds lo Os o reduce I Veaa very )i(ah aﬁ-‘m:l'aa. km  for
W ¢ M%o a\cibinl

Pro\-on pump: /\ll H& A"' W

\

Suceinale) ~ Succinele o
debgiogensse//_tao
NAon NAD+ % one
a0 faok,

fumarcle,

— Conplex IT doesnt pup €. X 0 keal

—+ Each ke Pmoluce 1 ATP.

L u* yH

need full

IV lower than

-

A LH

2t
—» NADM: ConplexI ——=—+ Complex M ——+ Conplex W = H44e2:-10- 25 A

¢ 2u*

ou :
~ FADH, : Complex L =2—y Co:‘)li‘ex W ———s Complex T = O+442 =6 =15 A



Mitochond rial  membrone conpos.‘hm:

Imcr mbmne;
— Hle\ amoust  of  cordliolipin 22 7.

— NO  choleslerd

—~ Impermesble.  NOT  permeable lo  H*, neeol speciflc romspoclers. (d\\z? lo momtain an K’
coacheat
3

Quler membrone:

-+ Smlar b Plaan membrane.  Permeable
—+ Hos cholesterol U457

-+ Low cu'dfoltPu‘n 37

Electeon  Carners:
U‘pi q,uinane:
— Lipid  sobe 4 comies e fom T / T e M -“ma?\ tmer  membrove

— Vas benwiuinone anol iso?renoiol

— Can camy 1 e (Sm.‘euame roolical °&“) o 2€ (Vbi(luino]) hus  used
n QR c%c‘e of Complex 1

— ?rescdpec{ for Maocard.‘ol inFrockion po&.‘eals



CJa‘OC)\fDMe:

— C‘a‘ C is wales soluble. € lompod fom L bo  IV. Ca‘ C conlains
-SH %cwps

— Ca& are  proleins co»“ah:? heme  orosihelic qrops it fe.
- C.ma °"'}} one €

- G- 4 Cz}-b i comples I

< Cpp-C hmspeds R W b IV (CpC b -SH)

- C-a‘-o\ $ Czl-as in  complex TV (IV hos no fe-s  complex b Cu  insleadd but
C\a‘ ~O ¢ c%l- (c T have iron  heme amu,)s. )

— Namedl acCordtna le h%u absoblion o ot-bond i feo  shale
— AE®  valwe olepeacls  on ?rohc‘n

— Movement of e n ETC from lower E® to h.‘zl\e/ E®. DifPerent Oabdvonc:
have.  dlifPecent E”  values.



ATP Svan“\ase:

Cytoplasmic side

fo:
— a  scbunt here H'  enles andl aoes lo ¢
e a Subunit  ho  exit inbo Mabrix

—~12 ¢  subumks which relale  when H' entes
k-

— Midelle 3 subush which s bent 4 rolales
-+ ¥ subunbs Wt Mhe B -subunls ¢ ATP frbduced
- ot subusl Pﬂsen‘ for suppor\-

-+ 6 subunils  have:

T- tense

L - losse

O- open

subunils

Lshen

(4

hen goes badk

subunils  rolale.



ATP

Q -subunils &

®

It
g
3

ADP 4+Pi

Pmduc Hon:

% Where qomma is
x Clochwise order:
» ADP . P; oo in  cpen

O -» LT

« ATP form n  Tense

2 AT el m O ¢

» Evcoa 4 u* cotale 120

s 120 moke Pu“ rolakion
a Yull colabon = 3 ATP.
IMPORTANT :

cevecs:ble!

- ATP ’an\hse Is
Con ad o H ~pumP!
ATP  used ¢ Nt pumpect inko

Poh\l:na 3 open

ADP + P: ener m ibs Place

inkermembrane

3?06 e



ATP / ADP hnslomSe milochondrial

Ml‘o\a szslen :

— Coupled  hasped. ADP @ & AP oul

— Inner  membone. 147/ . Abunoloal

— Coled ANT, oaolenine nuclechole Irmaslocase

— I8 its  ikbiled , hen no ADP i wmalmx. Low
— Phosphole  carrier  used b0 tspod P inbo
Asp- Molate  shube  of  AADK:

ot-kG — Gily

le.le, NADH — NAD+
Aspb( AN olab
AST OA Malale M e
Deh eacse
m cn}osol
wmakhix

x k6 —— Gilu

Malate
AsPWhle <422 oA o3 Molote
At

NAH NAD+

— Liver / kio!ne3 / Heod

—+ NAOM: NAD+ rolie hu'aher in

- Read:lua revecsible  unlike G3P  shullle.

—» Uses NAD nwua)um

ADP  ikbils  celular respirakon
wmilochondna
* Trampofkna e /ut
mnsiole  wmibochonolial  maknix
ﬁ'm adh”ol

C%iosol (Mom NADH in cal'osol then  makix)



G3IP - DHAP  shulle of NADM:

DHAP C‘z"”""‘ ¢ G2P  olekydmenese > G3P
d Mobhrix

Complex I ETC, Gizp o!ehadmgem

OHAP  4——————— G3p

$ADHy, YAD

— 1 Naow = 2 ATP

— less effechve cue o ANAO b FAD

— In  wobdx, complex T 3P OH poA s used!

— Complex L. ETC + Krebs + Gi3P  shuMle  + &.“3 byl Cod  olehyolmyanase
- In  skeleld muscles ¢ b

ETC b energ elies:

— Less  efficiest  fhan  lrebs cycle

-+ ATP needs AG°: 7 kecal

- NADH  has Aé':-s;. fADH, AG® = -y AG B enlire oxd Phosp)\. So l\eaakve.

so W 1 irrevecsible]l ATP s«aau\ou. is  ceversible

— NADH = 25 ATP - %5, 53-13.56 = 355

})Loﬁ as  heatl
— (ADHy = |6 ATP — 10-5. ko-10-% : 30 +

MA-sk:venh} ”\emo?cnesa .



Regu\ahon - ADP

— ADP  west  impedont. ADP  increases oxd. Phos.

—» Calledt Resp:mhua, conirol / Acceplor  conbrol

S
Oz U.SGOA

Y

Re%u‘a‘l.oﬁ' Inkibilor Toxias
RAACAC o

-+ Rolenone
Complex I
- A M\a tal

- Anl:mrin A Compler T
- CO
- Azide complex IV , imic

-+ CN

- Oh‘%u\ugcin ATP s%n“\asc

Time

0,

vale

— C‘am\o«zlacvsides (Q"jﬁddi" ) Misnomer B 7) ack as O\&avu‘o(e

COM?\ex Iv.

inki bitoes

¢

nhibil



Re,%u\ahon - Uncoup\inj Protems (LUCP,) So impodant ! Evem queshion
— Short circuit e ETC, H' enltes szk WwPs ,not  ATP sanlhose.

+ No AT produced, heol  producesl instend | uon-.sharen'n; *kemoaenesis
- (cP1
L :
emo%enn
L Beown  odipose  hssue  n neck /breast / around k)dne(-j
L Achivaled b} {'qtha, ocids
- (P2 most  cells
- UCP3  clkeletal  muscles
—~UCPY , UCPS  brain
— UCP  mulakons incresse cacliomelabolic  disease  risks
-+ Dinitkcophenol , DWP , &  olher aciolc ammake compounds can ach lke  UCPs.
DNP  takes H' in  wlemembrane space ¢ DM in wmabic release H' ’ Punc\iontn} ke Wep
t v AP proctuced. Heol pro duceol

— DANP anddl UCP we NADH ¢ O, but  dont prooluce  ATP. Heal insleadt

— f0A bomed DOaP



Grenetic Oxoliolakive Phosphovj)a.l-ion diseases:

Compleu L:

nDAA: Leia\\ suandrtme. / Leuks duas}mph} 35 Prole.'ns
mt ONA: LHON /D-Asl-onia /Sporaol.'c. Maopa»} ¥ 1
COMP‘Q! I

n ONA: Lei'%h s‘andmo. / Pam3m’l-‘ona y

wmt DNA:  none 0

Complex T :

nDNA: none 1D

mt DNA: SPoradic naopn“\j 1

Comy\ex TIv:
nONA: Leizh Standmo. / Coml‘uoencephalonaopa"\j / Leukoencephalonaopa“\j
mt DNA: Spomdic Maopall# / Sporaol.'c. anemia, / encephqlonaopalluj

Conplex V:
NDNA:  qnone 1Y
wmtONA:  NARP / MILS / £BSN Y

lo



C?\ lyCO‘l&SiS Gilucose

HE)‘D\GnMe

Gilucdeinase  (tiver)

W

Cu\ucose -16- f\\osph ale

ATP

P\\ogp\\ luco
'> I?omemse

feuctose - 6 - P\uosg»l\oh

AOP

AP

Ph osP\\o Pructo
Kinase
ADP

fuctose- ),6- Bis phosphate

/qmo\ase A
oR -

Aldolase B
L
b, g G\ A3P 2

isome rose -1

2?3\ /2NAO+ G A%P ofehgohrgenose -orsenale @

Mt\'wm)n

\,3 BPG )

LADP
o AT prooluction

Glycerote
kirose " 1,3 BPG I'Jmoluclbn

LATP

206G x2
Phos Pko‘al!acemle

multose
y

PG %9

Enolase - Hlowide O

o Hi0s2
Paruvole  kinose

1A0P 2LATP




Lac ke Aciolosis :

- Inh:l::hl\g oxidalive rhosp\\o«aloliom
- G\lacoltasis fohe over, anambicoll’. Oy cont be

< Alcohol intoxication:
— Couses )n%"n NADH : NAD + cobo.
— MM'} NADH, low  NAD+

— ptarwde bo laekic aclol o re&enemk NAD +.

- ‘v garuva‘e dek\adro%enase Ockviha: (arsente)
— No ace‘a\ CoA  formakion
- Pcamvde accumole 4 Jum b lacke  aciol

- 4 Krebs cycle :
- Pt%nm.h accumulole 4 lum b lacke  aciol

- & V(arwal'e. Wbo-ualase (P«amvoie lo oxaloace\ote_)
- P(%Ma‘?. accumulole 4 tm b lacke  aciol

-4 Gn\uconeosenesis

- Pt%ﬂkvde accumulote 4 lum b lacke  aciol

- \-\na poxda

- He.norrhmae

-+ QesPiro}ma failure

— Impairedl Oz lransport

useol



Ei\z\am RG%u\ ation:

Hexoltinase

Step 1:

Glucose ;

) G\ucokmase

Hexokinose vs

-Low km, \\u‘«a‘t ol’f:ﬁ‘j

-works al all 3\ums¢, conc.

-In ol tissues
- Nt aoffected 5-3 nsulin ¢ 8'3“3"‘
- feed back  inhibitor bn Glu-6-P

<Gilu. /Aan. / Giol. / Cru.

G\luco lz:nase:
GK + GKRPp —=tf
GK- GKRP  ener pucews . Gk
Hexokinase:
Glu- 6 -

Dire d\\a inhi biled bz

Glucose - 6 -P

Gilucckinase

- Hu‘ak km , low o('(}n:l-n
- Works at hl'%h 3Iucose conc. >|0O

~In liver. Tam Zluwse ) 8l‘to¢aen

- Affected b} insulin ¢ 3|83m
- feedbach  inkbilor fom Fu-6-P s Grre
- Onl} on 3\ucese
Gk - GkRP
not  achve
P



(PFK-1)

0 oprw:o b
S‘ep 3. Tructse - 6 - P)aosPhaFe - H\:Ph : :‘hme 2 Hu-)b-Bis phosphale
fate M RA
3
Acdivolors @ Tohibiles O
-AHP - ATpP
- Fw-2,6-8p - Citrale
> PFk-12 produces feu- 2,6 -8p when  Suctose
occumulates so it Wke reaclaat  achivafion  but - H‘ » feom lacke ocid. Lacke acd foxie  se
other po&u«a alt of lackc acid slops a[ac»l-aﬁs. Thats ul, we
con't anaenb:ula respie Gor ever
- Inelin
- Gnlucmaan
fu- 2,6 -BP , Prk , Insulin ® Gulucaaon:
Fm-é -P Prk-a > Fu-1,6 -8p

PrK-2 Fee-2
fructose bisphosphatase 2

fru-2,6-8pP

Em.:zm. T Glucose + P = Achvaled ((’1"‘”’3"" odds Pi wia PkA Fom  cAwp)

E'\?_camc, * Glucose + Pi = Deackvated (lnsulm cemoves P ua ?hosp\\ahse)

Grlucagqon:
FBP +pP; — fBP-P Aclivate
PFk-2 + Pi — PFk-2 - P Deactivale

So ﬁ\um%on aclivates FBP ha add:az Pi, less §F-2,6-BP so more %lueose!
Less %l\aCol«asis rale.
Achivaled via cAMP ¢ PkA



Insu\in:
fBP-p; —— FBP , P Deaclivole
PFk-2 -P; ——— PYk-2 « P Achvale

So  Tnsulin aclivates PFk-2 ba reuwing Pi, more F-2,6-8P
More %l%Co‘tasis rale.

Decreases cAMP ¢ PKA

prk"z > Decresse  Gluegse . Ackve no P:/ Tnachve wih P

FBP - 2 > Tacreose Glucose. Inoclve wo Pi/ Ackve  with P;

So

less

|
alueose !



Uep 10: Pep = e 0 Pyrouaie

Ackvaters @ vs Lohivites ©
- Insulin - Gn\ucc%on
“Fru-16-BP  Peedouord  achution - Alanine

- ATP

Thsulin % G\ucagon :
PK  will lower %‘ucose. So  wih P inachve.
G\\uca«aonz Pk - P

Tnsulin - Pk

2,3 BPG:

— low O, causes Glty:obaﬁs bo  increose | )3 BPG  which  becomes  2,38PG
— 2,38P6  lowers Hb am.;;.a, Yo 05. O celeosed s hssues  More

- Mulose ¢ Phospl\alase



Ex’r&ma\ inhibitors oc alaco\\asiss non- f:hasiolaaicol

A- r\ourio‘e! .
—+ Takibile  emlse. 2 PG ‘TM,TL‘ PEP

—+ Lnhbits 3\3(‘.9'%533 In  bacleria!

—1n loothpasle ¢  flouriolated  wober

B. A('S enle: (krebs Cwacle!)

—v Trivalent  Arsenic
— Talibils  keto acies de hadmaenases. paruvak de\a&ozm $  ot-kelo dehzobocaemse
— How? TV  forms  slable complex  with -SH  of ‘iPok acid !

— Couses newoloa:cal olishurbonces 4  oleath

C. Arsenale

— Pentavalenl arsenc. Looks lke P;

— Since simlar o P Compeles  with P for GA3P de)\ao'to?uase- LeSS |;5 BPG

NADr /‘\mw
7
R{_JAS

- les ATP Produceol




pla( uvate kinase De ('lciewa / Abnmli\\az

— Most  common

— RBCSs  wost aPlectet  becouse N mitochonalra

— Low ATP = ¥ No'-k' pump = cell swell 4 die
— Mild bo  sevsre chromic hemolfic  anemia

—+ Due o alteced  Kkinelc  properties. Vades muboat  foms  of pyravole.  kinase.
~ Abnorma) reporse 1o Pru-1,6-8P  aclvater
- Wetrd km  or  Umox  values

- Decreosed omount  of enz3~e

- Shbim\a, / Adivih& lower



PDH:

Kelo acid de)\-aolmaenases:
* gaﬂ&val‘c — Ace‘a\CoA + NADH + Co,
2 ot-kelo %lul-cural-e —_ Sucdnal CoA « NADH .+ Co,

Enz‘am Complex :

Ei:

x De oarbonalqse

« Uses TPP.

« COy removed [om pyrwrale 4 alcohol  formed

Es:

* D}h‘dm\ipova\ hansme\valases o

« Uses |i‘Pou'¢. ocid. -\./\l — -L . @ canter
S Nsy

« Takes H ¢ e Gom alcohol , ketme formed
s Adds CoA lo kelone, Acdxl CoA [formed

Ey:

» D \\adrol‘.poal deh-admaevme

wlUses CAD to take H 6 e fom  reduced lipoic
n Tonsfers K & o fom (AD to  NAD-

x NADH  frmed ¢ -L(Z rcaeaerohd

ociol



Re%ublion :

A. feed back inhibikion s
A © Acel«o\ CoA
» © NADH

B. Recay.lakm ba Phosghoprotein  phosphalase:

w Remore P (mukn). So  ackvaks  PDH

»  Ackvaled \:-a Ca”

» Ca¥ = more AP = acimle phosphalese = ackvele POM

C. Reaulahon Bz Prolein  kinase:

% Add P (Glucagen). So  inackuales PDH
» Ackivaled bxa: ATP /[ Naok / Acd-‘\ CoA

* Inhbiled L‘x P%(we\\e



Diseases:

pxamvole. o(d\\admaenase de“deuc\x

— Most common & Ey deﬂdenca- No decofbonxlah'd\
—  RK-linked %ene{:c

— More.  onoercbic respiration. Loclic  acilosis

— Bruin mosk  affecled

— Newr de.cammkon

—+ Muscle spasms

< Neonalel form — eael-a olenth

— Reduce  corb indoke

— Toke PP npplemb

Arsenic poisening.
— Arsenle /Trivolet  affecls keto acid dehadmaemm 53 Binol:ag b lipoic acid

— Asenole / Pentavalent affeck GAZP o!e‘\zdm%emse b} n:m‘ck:na P;



C\écogu\ Melabolism:

G\\aco%a Colabolism / Gultaoogwolt}siy

El\z&anesz
- +
Glu-6-P AMP  MUstLe oamy
A. G\ltacoapn Phosphona,lo.se Pooache  No % imoche. . i7uen omy o
- Beeoks %‘ucose al M-f!duema end ATP

- Produce %\uwse -1-P
-+ ONLY  works e -y
~» Does NOT wuse ATP. Calabolsm crelease eneroag--- used Jo add (e P.

3. ﬂ\osP‘v\az\ucmubsc
— Conved Glu=1-P bo Glu- 6 -P

C. De.branck.‘ng enz(aug

— Woks on  limit  oleshin”

© Transfermse: Toasbers  bramch  from M6 b0 ot |k Onlva weks on  oz- L4 bonols
@ or-\6 %\w:os:olase: Breaks the s-‘nzle oc=hb %luCose asin% Heo. No P:l

D. Glucose - 6 - Phosphalace
—+ ONLY in lvee NOT in  muscle
— Liver can  release alvcose in  blod. Muscle s %reed‘} 4 hdds Glu-6-P

To  bloodl
—+ Glucose - € - Phosphate — Gilucose —

E. ot-L4 Glucesidase

— 3. of %"3"3"‘ melobolism

— in l\asosoﬂ\es

— Removes o-lY4 alucose ob non-reducing end. Use H0, no P

- DeRc:emg m  Pompe  dlisease.



G\\\acoaen Anabolism / G\lwaco%enesis:

Gilucose
enler cell

almlu‘nase - ieceversible
he xoltinase
v

Glu-6-p

?\\osPyocalwoMukse

¢
Gu-1-P + U

UDP- Glu P\Jro Ph°‘Ph°”a|“‘€

UOP - Glu + PP

l

UDP- Gl\u + Gn‘!acozen anuml R C\lacﬁ%eum

v G llé,tocaev\ Sanlhase

G\u -0- Gl\ncoaenin
VoP- Glu P maclive. Ao B ache.

Glucoaen whose. + Glu-6 -P
voe ‘3 % Sa

Glu-Glu - O - G[Dcann
lhé - lronsPerose l)mm\r\ilxg enzyme
Branched calgcoaen

Enercaa Usouae —- 1 AP + 1 vrp



G\\\aCogen sloraae Diseases:

— Alfects S|A|\“\esis ¢ de%mda(iov\ enzaue.s

— Gemhc . AMB Yissues.. Cadal i h?anls

A. T%Pe T / Von (Guierke  olisease::

* G\\u—G-phOSPhokASQ

x« GWw-6-P ———> Glu

» Cont celease Gluose b blod. Sewere Pos}hua, \\npoal emia

» Accumulale Gilu-6-P. Tnhibit %laCo%M plmp\\wa\ose. Normal Gl\acuaen accumulalon
w Allects  inleskines

* Affects  liver-- Hepobueao% &Ha liver

u Alfecis \L:olmas-.. progressive renol  oliseases

» (rowlh  relardabion.. since  low 3lucose. in  blood  but hv’ah calztoaen shm%e-



B. Tape I /Paw\pe Disease :
* Ltzsosom.l ol-| k Slmss'ofose deﬁcient) (37 ¢ 3lacoaeaolas:s)

] G‘acoﬁen accumulation IN Lzsum a| Vocuo\es- Ac('ecl-s enfice |Bsosone-
*Due b |3$oswal fole ¢ NOT  blood aluCose. Normal  blood (alucose, levels

% AlCects H_Q_g;d + Liver & wmMuscle

» Death  fom  head foilure. Mossive Wdlomequt}

C. T‘gpe Vv /MaArdie -.
» No  “muscle zlzca}en Phospho%lose

» Low %\u(,ose $ ATP in  muscle. Muscle weoksess ¢ Cmnpo'a}
x NO loctale Produchm coz  low zluase,

w Co¥  relesse.  Co’'- Calmodulin complex, achvabes F‘mp)\o?\me kinase, vo %lam%en
?)\ostonA\o.se Y be Phosphonahled-



Cy\‘ l&COV\eozenesi 5:

POH  émevarsile!

Pyrunte
l.,

Qoua aed ~ Acelyy CoA

[

Reverse  of a%coltasis except irrevessible sleps. Use  other  subshances lo produce patwde

Coshin (4 ?a\\?‘ ocid t ketome bodies)

L:ver 4 Kida /'Pm\waed 2

ruvole co/oomdlaso 4+ malate del\adm?mse.

In Cv.éiosol EXCEPT Pamvok bb  PEP in  mitochonddia. 4 Glu-6-°¢

*PE bowqli
hp aac‘:;”z "

2 P\aru\m‘»e — 92 0.A - 92 ATP
2 0A — 2 PEP _ 2 GTP

L 3P — 2 1,38PG - 2 ATP

CANAH NG

7 B8P = ClAr;P —— [u-L,6-8p - 2 NADH
OHA P /

1. szuva‘e. lo PEP: @ Ace‘a\ CaA

witochondidio  to chonddon it aahsvl C%I'osd
* Pw-wo&e — 0O.A — Molate —» 0.A — PEP

® Acekd\ Cod
* P‘aruva‘e ————+ Oxdoacelale mitochonolia

% Oxaloaceldde ———» Malole i kochondria,

# Malate ——— Oxcloacekale C(ahml

% Oxcloacelate v PEP iy bl

-(0s +F Pom

Gilu-6- ()kosphab&e

to

Glu

in SER



2, Cu-,6-BP to Ffu-6-P: © — AMP , fu-26-BP
» Uses  [ru-),6 - Bisphesphalose

* DOES A0OT Produce ATP!

» AAP ¢ fu-2,6-BP which achvale Prk -1 WILL JINHIBIT rﬂA-laﬂ-BbP\os'*ol-Qse

3. Gu-6-P o Gl
% Uges  Glu-€ - phosphatase

* o.\\‘3 Liver (4 l""""&’)' Mot museles

% Aso used i %Iamaen breokdown do celeose Glu o blood Ko  Jver. Muscle
ace tareec!v}f 4 hold oo the Glu-6-P

% Glu- 6- phosphalase 1 bound  fo  ER  membrove, so  Glu-6-P  lanslocase s
needed b0 lamspod  Glu-6-P  across ER  membrone to e phosphatase  since  Glu-6-P

coat  <oss  membrones



R 331/4\ akon:

Regulation of gluconeogenesis
Gluconeogenesis e e

Actvaled Bd G"“‘“‘a"- : Glucose :

P; + P2 inackve )=> Lower §-26-8P. More G\uconco%ues:s «, — ok
Less  glycolusis \1 Glu-6-°

~hosohatose.
Gl - 6= phosphat

Pi + sep2 » ochve 4

GLUCONEOGENESIS

Pi v P\aok = inackve »Mm‘PEP GLYCOLYSIS
Ll ks  Fructose 6-phosphate J«__
Prcor P occmith gl fict
Tncreose PEP corbokinase “F268P 1:\ ‘ ofp= = o
x e @® [ \ () E2,6BP product (fruchse- 6-)
. 0ep N ~ | Phospholructo 1 g e
S iii\» o ATP (:—:) ;||‘I.;.5.;'1 nsphatase ir (_:‘) AMP Pmd‘d
Citrate (&) . / (F) Citrate reackast
w (y \Allosteric Regulators of PFK1/
Tacceose  subshales  for a‘ﬂquﬂs P o,
) e eol . '
Ly Ane acids, Loctale, Ghycecse, Glyen lackc : (chtose l,&busphosphate)
acid - >

Slow dw‘cs

L tor b splhess § degropalion of wmpees 'LPhosphoenolpyruvate ]*

.9 ADP producks

F-1,6-BP (1)
<] R sy
- E"I Kiase : \ Oxaloacetate
Alanine (&) Regulation of Pyruvate Kinase 4

_—

(1) Acetyl COA  reackants
\(.:_j ADF  produds

b
nyuvate rm—
PR




Monosacchari de  Melabolism:
Huclose Kinases:

Hexokinase :
% Most  hssue ljpes
» Yuclee b Fudose-6-P... conbinue like 3|aw|tasis, Pfk-1

Euc‘o\(..‘nose:

« Lives (4 k:dnz 4 Swall :.hsl:ae) like :alucok:me

* fructe b Fraclose -1-P ... tumed ten inlo DHAP ¢ GA wa dldelase B
& B\Mmss Pik-l dep. So  fruchsse metobolism  fasler  Ihon (}lucue mebabolism

G\l\k:ohas:s.

Rale lauﬂh}
Aldolases:

Aldolase A:

w Most  tissue lzpe.s

X Onl3 works on  §-,6-BP

» Doesnt work on F-1-P Fru- 6 -P frw f6-P
% fru-,6-8P o GA3P & DHAP

Tip: Aldolase 4 = Bal  lefter : more  eseabial = G,I}colasis Pa&hw} = wok  on fu-1,6-08p

Mdolase. 8 :

* Onlg liver (+ k:dne} +  small inleskine)
» Bolh Ym-\,xé-BP 4 Ym-i-\BP

% Bilher GA3P+ DHAP  oR &GA + DHAP
Tip: Aldolose 8 :  Bo  fu-1-B7 4  fu-),6-8P



[ ructolinese De"icmcg :
— Ben'-%n. Not loo  daagerous.  Hexokinase Palhwa3

— Accumulation  of  fauclse = fruclosuna

A\dolose B del‘.c;e,ﬁca,

- \'\eriofol-ana

«+ No fu-l-P cleavaa&

—~ fructose  whlecance / Fc:‘souh\g

~ 1 Feu-l-P — L AP — I} AMP —— Degrace  AMP
— Mdolese B i Liver (4 )u'ohey . $1)

= PAMP, o achimle  glucose metabolism =3 H%Poalncenfa
-« T AMD, so ! Cnloacolcasis 3 Laclic  ocidosis

- 4 ATP, 30 kepol.‘c failure

- 1 AMD =5 f Amp deﬂmda}iof\ = ! Ude acid > Hape(un‘cenm

— Avotd  fruchse , sucrose , sorbitol

GF\':::; ! }> &lucose reduced fo sorbitol
Sorbitol  owidized b0 Crmchose

Convemsion



Aldose reductose:
— Glucose Yo sorbilol

- Thik of places affecl ool bn diabeles:
* Lens

% Retina

» Schwonn cells

w Liver

" k:daena.s

_Spem  use Lructose

S 0(5“0‘ De‘uao(fozenase:
~ Sorbild ’o Pfuc.‘ée

— Places  that  need Fruclose ~ sperm

Diabeles:

—+  Gilucose enlers  cells NOT via GLUT.  Tasukin  independanl
- Glucse b socbib)  via aldose reductase
e So(\ai‘-o\ retains wa‘er ¢ causes cell swellima.

— Afleck kissues  with  aldese  ceductase  menkioned above.

Eves , nhevves, \t.‘o(neias ) Lier ek



Glucuconie  Acd  Melabolism:
Glucose oxidakion = Glucsonic  Acid l vor- Gly aleluadrogeﬂose
Minec  coute. Produce  grecursos  for  ohher fnl-hwans,

Similar 1o Lrojm szn“\es.‘s

Use 1 ATP &4 1 OTP. Reguims eneraz lo produce Glucuronic Aeid = UDP

Used o fmduce GAGs
Used in ?abse v)\osp‘\a‘e fn“MJ

Glucose 4 Glu-6-P — Glu-1-P—— UDP - Glu —» Glucuronic Acidl = LDP

Uses of UDP - Glucose : UDP-yiose
— G\\\Acozm sgal)\esis

— Oxidohion inbe }|uc.uroaic acid pentose- phosphale
— Gno\ladose melabolism. Pdhwj
C\a\ actose melabolism  dliseases:

Gialactekinase  deRecency:

— N0 Gola to Gala-1-P

— Galactose  accummlabion.

- Cause ca‘&c\'osenia $ galadosm:a.

- G\aladosg Aldose _ceductose & G\olaci‘ol.AHose reductose  ake W Glu ¢ Fu

Glu Yo  sorbitel T s i ploces affected bJ diabeles

- Exces ga\och‘col can cause Calaracls

GAGs

conversion.



u Glycolysis
Glzcozen 5 d

G.Iv 6-P

(nlu UDP Galu - uor

C’ALT oleﬂ ciency: l ePMe(m G“acvim
) GALT
— N0 Gala-1-p + Glu -LpP \=‘ G\a\a - UDP + Glu-1-
K

- Gala-1-9 4 Gola.  accumulale
— Couse talo«:bsemm ‘ 3aladosm:a. Classic 3a|ac¥ase,mia

— Some dea as aldolase B o(ecieim‘a— ATP | ¢ AMP f. Publems.

-+ Tneceose 8a|achcol. Gala ==ty Galackicol

- Galackicol accumulele where Aldose.  ceoluclase s Presen‘. Thiak
P\aces where  aldose  reductase is preseat

- Jaundlice
— Vonn’:\inz + diarthea

Laclose s«anl\mse Prolofa complex:

— UDP - Gialaclese + Glucose » LOP + Laclese /Galadoszl @(l-o't) 3‘\4;082
L UOP detach = release m% « buld lachose
SCatobolic

— Bolh males ¢ (emales. Femdes use G milk production  when Prb\ac\-in h.'al\- Both
Use ror al\&co\ipiols $ 3|3copm‘ems|.
o cets
w Protein A = Gm\adosqa\ Yeansfemse (M1 )
% Proten B = ot-lackal albumin (Pemales)
Y masmosy glosct

- UDP- Galaclese 4+ N-acehA\ caluc»mine —— o 0 N- ace\nl Lactosamine



Al CO\'\O\ Melabelism:

Lartze A\c Oho\ Consunphon:

Uma, 1:
A\cohel

AOH

— Acel-a\oldelgde 7T’Ace¥cl-e /ACS/ \ Acelal CoA

NAD+ NADH N AD+ NA“" Col AP

Al of NADH. No NAD». Glycolysis
pBad 2K Syl > o

v High NADH/NAD™ 1.
Inhibition of FA oxidation

Ly FA— CeA

|nh|b|t|on Of Co"A“Hg;b:uck. t CoA so
gluconeogenesi
Lactic acidosis

I—b Laclale # cuz NADH 2 ﬂar-;:\.“ue
NMAd NAD+

—
N — — —

— — —

AT Acely) CoA C. Ryvwele 7

8.ty %

Pamvak b 04 slp

Na\32=

MEOS, we  CYPLEL. Produce e raclcals -\O7 . NADPH qiwe W o MEos,ls fows Fee oleals

(I\)a‘z 3.

) 1oMZ,
Colalase , use Ha0, owl‘z‘ng aaenl mlead of NMADt $  MEOS



