Al 3308 L3 LN pdalaall =V Aygal) g Lasl)

i ouad cilsgana ) Asall pualiad) acd

rldldly alakal) Gk o8 Wgdolil alig camead) bl duuil) cliggall -
(bS] celigig ) cagadd) cusi 8 Jas) S-N -O -H -C

dalall Las) CL -K -Na -P -Mg —Ca :lili dalgdl galeall —¥
(oshfia Vo < awg\

g —ulad —alls —agag S :Trace elements samill jaliall -

oary Al Alla) elAl — ) —agiliw —agabaulge —aiiie —aaa
(uh\‘gga.“

—fail) roladY) A digaa 8 W9y clilgald) L3 Ay g e palis —¢
.agalild — sl — ) ol — <40 —a granls

giislad 13 Bagaaa cluSy dyjgpd (i) —palay tdalu palis —o
A WAL capal



Lu\x— u@\ Slaal) Yl

daas g «(pdluall) Aada) slad) (e @ﬁd}d\ :Na* PJMM‘ -
uﬁﬂaﬁ s 34T Kel 5 Nacl ¢ dua aM\qumua
Aganal) 5 jland)

damand) DAY Jiy say Al A deuil) dalgl) b agigall -
assdgal) didae Adlug A 7)lA fuda) ol (Jandl Jla & Alianls
34‘3%4—“%\“ =T OsSg edsa T —E e o SN asal) agaga Hal -
(olie hsdd ¢ Jfdsale VYo > | agagall (alisd) of LAeywy Jabal
Aadall ¢« Jfdsale VYo > ] agagall Galidllg

Jldsala VEV —V¥o L) & Nat S5 -

Jldsala Ve —Vve Spdll elAT) Jilu) & Nat S5 -

cw %o —4. .‘;JS.“ eﬁA}d\ cw %Y —) ssad) Jala ﬁ%d}‘” -
LB (A dagshaall Apasl) (el (g piugalVly (Jodll (A ok agsigaall



A8 plad)) (pe paliay — T KT agawligd) —¥
) Atk B sa Aly i) JA13 i) Aalgd) 58 assubis) -

amand) Jlai¥lg
GO9S Ada Y/¥) goldd) Jala Jilud) (A dagy A agulisd) (e %8N -
(Untire

Jfdsala 0.0 — vog L) & KY D) a8 -
VY laRas Lapsldl pH aldas) «— J/JJAL\ AP\ KY- 7Y eﬁ\ K* &GSJ\ -
el Ala ¢ adll K* gl ¢ (5518 gucl -
K* /Na* ddlaa -
PIRES| B agsall adip gradinet g Ao dBadlaally a g8
Adal) a1y agamaligall adisag
Nat/K* a3l dsas goota) 1da o BUal ATP 1) aadias 47 Qs -
.(Transport ATPase) ATPase



(MQ?* agrirall 3ylsdy NaK* ATPase aiil Jadly -
.(Ouabain ¢uilils) 4ulsll sy sSslally Nat/K* ATPase ai) by -

LSy el -
MgZ+
ATP —> ADP + P
Na*/K* (Li)

Na*/ K* PumpUd
LI 8 I Nat ylgd ¥ ga e slaal) 480 & -
Jal) Jals ) K* Ayl g i
Nat ylsd agas slaa¥) B 5eSslall Galaial by -



achiow 6f Sediuwwn (Puwf
U925 0@l im0 et




Ca?t egg-umsj\ -y
D3 (palid agas pabaia¥) (ol o(péad) A88. claal) (o alal
sl aa JSid LgdY) cBsYly cliudlly galaiey) hadiyg . ag il
Ol pgmadlSl) pa JSET 1Y) daguagall 18 G apallyy o(Adada @ @l
Osaas D omalidlly by sag cagaadlsl) ) acad) dalay aluaial) (gl
JA 0san) calcitonin ¢pigidislly (PTH) Parathormone <l jal
(lBal e uSlagg 48l 52l 3 C LAY ¢

add el O
‘@Uéd\ HASJS ué dida —
luan) aand) SR A7 & g0l -
(A lag SLEY) Ada) ) Agaad) cfj @) Agas (_,A JAdL —
(S5 cold Jilia ) ddals)ly) Ay 1Y) cdle il Jaas ERATIE
g glal) Sliudl) Jia cilaiy) o lade Jadidy —



(asady wlasiall Glaily g9 a) aall J’&@KQA*JJJM—

adl) (2 &5 0]

(Olialy alie) Glsd b acad) agdlS (e %44 -

oA Z A kel 2 gandlS aa Jalall AL alsal) o dadaud) gl —
(.&A Voo /Q.Aﬁ emﬂ\ laag didg) ECF

agig cpdia Aldly (Cmasd¥) e Jatise agradlSl) (e %ot v LSl B -

aw\@ﬁudsmmﬁgas
Juaad agiudlSl) B pslaaly . Jo/da VY — 4 1LajBl ‘",A agpudlsll (g guad) jus fl) —

b (8 agmadlSl kg caguuallel) J ol alajy tp LY ly Jaad) Alla 8 -
Aadlgd) clanlly Shalls (@ ailly s

Vit oali) dupacy dlae clihal titany 385 A agsdlSl) (el 535 -
Oalig (JWY) 8 Ricket a3l quaw ag . (<ly)all ¢ sap ali (D
Ol 8 Osteomlacia alaal)



P sdudll —¢
gabaia) haging daral) (i JSAyy il G palian -
(;@9 o) ;é};) agigall pabaialy cildeadll
Aaidie pH Q,AJQQSMUALASA‘;’\%—
Gldud {Jﬁg cldal) ek vit D Ja g (alaiayl &)uﬁg -
OUMY‘J emﬂ‘ eJMlS@LQJA%/\~ L’éébﬁ:\ cé Mo _)au.m“
Yk 1Y g L) siad jaky -
L S &Lﬁ)b ¢ alddl) C\J-E! Ul U"l 953351\ sl S ~
384 galiddly acidosis  galead) A 13 cuudyg caall (8
Laydll) ejeu.ns
a guad 1) ANE cliud Jd adll L;A Glavdl) 385 e lWilg —
AR cluae g cfaiiall LA LAY JAla aagi cdylgdl)



Mg=* agsjiaall —o

¢ Ol dag palalial) £ g A88AY g laal) e patal —

callinl) A0y & JAng (DAY JS 8 agajiaal) dagy -

Clgdll LDAY) A 3g8i alas B )93 agajikall -

¢amand) Jadlly Laad) (alall ‘”,A 289 agirirall —

(Na*/K* ATPase Jia (clagiiy) gany hudli Jo agiiiall Joay -
¢ JLs S olo

calisig ) & bl DNA 2 PENEY ‘;A 289 agirirall —

A i gslsl) jsualll c¥a Ay oplsl) Bk o8 agiiall ok -
lae Al LaS LA iuand) dlaald) Jads gﬁ SN oy g cLaidLl ‘”,A a5 el
Mg#* Jasy (parathormone ¢saxsbld) @lipall &sapgs z LY
slad) Gk oo ok agiBall (e BB siag <CaZt (uSlay

G Yo¥ =Y sy Jfdsala N — Ve o LBl A agiiikall 55 -
-Gl gl Jaise o5 ikall



Cl sl =1
o) bidal) ciliy alati B gy yglsll -
(ool (aand) 5lsl) (A g slsll -
gl HC| J8&3 8 jga 4l -
s8] GO 3ghdiy o gad geal) O Cilighdi (81 —
Jfdsala Vo1 — 9A s L b gl s -

Nacd) g ((sLBY) Q) Lrall Slanl) ekl oo Sl el aady -
g gl cqdad)

S cuyusl) -V
c(cﬁ\{ﬂgﬁ\ &A) Z\gﬁg)es Gl ) JSa 3@5 ‘?MY‘ Z\Jm ‘;é 09 Gy Sl —
(O agng il cpfivnd) aa Cildiaag
i) Gliigpll B das Cun ) WA JS 3 sl aag -
(Cisially Cysteine



Trace elements s1a 3| _ualiall

Al adal) Gazall Jag pk [
((Fe, 1) ddgay slall a5 Y Blaall gy5 0 —)
(2l pgal) Jatiad) (S V) AT juaing dllaiiud (Say ¥ Y
08 &S [ie 00 > adlhay anall B lasage s of -
Cu g=ladll —
o ¢ — ¥ o uladll e Luagall Aalal) s -
Al ash) Elaal) LB) GludY) ams B uladll (e ja Voo 2ag -
¢ (1l
uladl) Galaial -
Aald 4T ity Guladl) (alaialy (dilgd @ Galadl) 3led -



Cleall Jay)y g sa9) Metallothionine AL uladll oyl Jalsdy) ¢

Bl A s (Gaadl Slanlly qlell) B dag (el Qi e

slaa¥) pH A (uladl

(Crasal¥) aag ‘(@M\) Aad¥) (alaal) e Guladl) Jagiy LD A

(CU++ Cut J/\ W) UAIAJ‘ b&ﬁ‘-ﬂ&cm\uﬁQJ}ﬁ\u—Adﬁe—\
(il Jalpe  gSw (bgp) cerulplasmin cpaidhglomad) aa

Sal) puladl)l Llpd pe JALEN G0 8 Gaaidlagly ) ga el uam'lp

(A @ligiag dagyall )

Ghhdly cala ad JMadly (Go5e padl Jlgmls ouladlly alewd¥) Ui

A (ailag

Wilson's disease (jgwlig sla

pSUAR ccpadslo el (B uladll JB) JIB g paly Al B s
oais dal G Usdl B Dbl o(sbinall B Ash pml) il b quladl
cJuaall (S 0385



Zn &) -

Laadl s Jal o gul-u\ 535299 chald Liaadl gdg A wale A3l -
slbal b Jaxs i) claiYly (Slusd — ALP) claiyl
((Jadse DNA 5 Glaalys RNA) clisiglly dagsil) (alaal)

by, oSa A (Adle )i calailly calicgg sully duadd) @ L g -
cillail) 8 0385 (alias)

s e cgorall POV B i A9 Galial e Al (ali aady -
0568 A Bl ekl g LS i Galaia) o plady) 5,8 axc )
b ala gl La)e]

ejglglgud\ -y
NS g QoS Ay dpanal B)a3S Jary AV ald uaie agalibid) -

BasOU alaal) Al e Jeia agaidacd aa (Vit E) Jaxdsssill JSdus
Aaulg saustill agagd) (o Aalad) @AY clidly LEeY) any )

Badl | gdall



chasll eY) @ agibud) sl lagay SV gl papdl -
(wald JSiy 48l dliwt) JDlic))

BLA (b il o8l LBl B ppbiliad) 388 il o) OSe -
@ asibid) Al Ay Jadl ghaadl 480 GlaaSgm Geslisle
- )

astag Sl —¢
Jon 588 GeSslally Cplgudl) COELLY 30U by agaag sl k) —
AR JAN )5St JLBal clgud) Jad

eﬁdum‘ —0
(gsldd) eliall A 3asagall) K+/Nat diias 4laial bl & g0 4l -
AdliAal) o galigadl Jus) il

Gl o) — 1
(B12 (aalid) cpa¥ligst) dnly A JA -



Laall -V

caaa & ¢ — ¥ GldY) ana (B dag -

%)+ \gia gaia) LAY aa Liagy das da Yo — Ve Jli g -
cgolal) 5y3 By JWY) ool wasd) Galuaial dpud )43 -

dablia WA A Cnolegagl) Dl go aalill yasll (aia) -
eiad) Ahalia B Fe?t Jhy gAY jilad) saa paiag el
Lpaial) ) A8 Agld JANs Jalss ) dasi Fe3* ) ddas) axg
bl paad) old AN Laead) pH 2 Galade & Fe3* g Fe?t -
Jia cliSpm aa (¢ > pH) smadl B Jelily 4pae aliia
PH & Jaia JS& ) Fed* Jgad ggalll (aea —Vit C — 4848
Fe2* ¢laay



fren ADSOFPLIOR ~~ LYAALR In Slomach andg Duodssum
in the slemach:

low ph
HICLrDAL ACIQ

> i e

empties tnlo
Intestine

Fe

A ) l nigh oM

Irtestinal mucosal celd
voe Fe

iz

in the deedenym:

St N WS

el g sl e 2aall | paliaial




Fet™ _ g+ Suodens
Fet*™. £ AT
'\‘/7‘ kAT —1
1 i
oo
Ferritin
- [
+ ~Ferroportin
Transterrin =« T
oy —=———— =

el ye ferrous gaas ) slea¥l dedd 8 Ferric iron (Fe+++)  aaall sa,ld aaf
(Ossd) Crasrned 33l e ol Janyg brush border 4ssa il 2l ferrireductase
.divalent metal transporter DMT-1 58l (5l Jaee Jib Goyla oo 0lall Jals )

5K AL Aol )il e dall i ged sl e g e JE Naag



J.A.AAJ‘ JJM.A 4
¢ laay) Ahlda YA e Gatal aaa «— Heme asgd) i) —
Fed* A sl «— miad) Adalda & Fe?t maall aiad :4,38Y) - Y
ccupaiiall ) Aldi 40l JANa Jalga J) Fedt by
Fe3*
(o @edl) Apoferritine — Ferritine (yaall gl o jaall)
2 Fe3t
Apotransferrine & Transferrine (sl Adal) J8L)
(el yisyl)

uakal) U Blyal) g2l (aBE 1A Majag liagy das fa ) Glead) 284 -



agdad gal) — A

Sams) At ¢ Glasas] cpiilsl) clag Y Gany Jas B g Al -
(D)) il

Mn aiaiad) —4
PR ER (AN L;A g —
2l DB pLa) Shbudls JiSsll) Qe b g 4l -
(Asad) cilisg g coligosaccharids
il —5ls — Mo caleplY) e oa D B By -
.decarboxylasé JaesS g3 1)
cpaad) jee Ja B dalaial dajg ABEN) pladl) G pale) -
cuaal) 34l iy g

iial) abaaiel e Jeasll L —



I JJ.AA‘_\i

(- Jsdy slally cuglll B aag -

o o gl Aalall jaliy A8Ba plaaY) B il -
((s)30d) Bask ) Mgy dsa

Ny T4 CpuSgd Adpall alisagd) 4y B Jay -
/ ¢T3 Ougutigas

claagy Mg ASa Av -V 480l 3asd) JAy -

ada %Ve) aSa Vo 4 a8 3l B SN agl) -
/ (s

Lragy Bagr gSa Ay =V Bl G ey -



asalll — 4
Clig S addiudy camadl Jilguy dpadl JS A dag -
il Gl a8l cAgudil) (bl Apllaad agil
.atherosclerosis el claill fe 4aalil)

JSail — 1 ¥
b g say (Slugd) Glatal) cladiy) Gany bid -
(AdA)) laagy clibal) B adieal Jady) g

ejé—ndm\ —-\Y
g ra S 0,949 ¢ gyl pmdll gy 908 -



adll B 5aajl) jualial) JiS

clidggle 4l (alaal

+

++

TN

+

Cr S 3

S+



Gleall z Lkl

WAl Fsad .
L R
+ Syda
++ ..'~~ I



(aill) 5308 3 —ZAEY §paalaall = Aygual) 5 Lasl

duisa¥) (agaall

Y] (el dalad) dayall



unionized aydiall p& (V) A<y ) aeall
form zwitterionic qdiall st (Y) s



i) (agenl

—— ——

() . :
R-ch-cCoo~  Umisivauplionuiionde
o\ el A
a.f;‘:;{w'tw L e \ad W\ el oSt A

Acides Awmines Aliphodiqaes
CHQ_-C°°H (G‘)G'(Ad Ass—aadal |
! T
NH,

A) ALA -~y
c“g"CH- Ceoo ( ) - \
}

N Ho
( V)VAL s

c“3>cu—cn- Coe W

CH )
. NHz



QHJ\CH-CH-CH - cooM
3
™
an_cuz\
/CH“CH"’E Coo W
o’ N\

(L)LEU s

(1) ILE iysbor)



Aot ) agaad) -

{|3UD
Hﬂﬁr—(lj —H
H
Glycine
{l'J{){}
nglr—clj —H
e
A
CH; CH,

Leucine

H,N—

Alanine

{EGD

H.N—C—H

I
CH

PR
CH; CH;

Valine

{l'JD'D

H.N—C—H

Isoleucine




@LJ‘ 5.»-9 X\Lpﬁ‘;\ _2

Atdes  Amines H‘A&kﬁxgées

He - B -CH-cooM  (S) SER wro—

' S&ring,

NH;

(T) THR e
C-H = T '
3"CH. CH-ceol esnine

1
°H  VH,



Aol gl Aa) (aganl) -

COO COO
H,-;I"J—(lj—H Hﬁrlr—(lj —H
H,OH H—C—OH
b,

Serine Threoni e



.. M _,.ul o F\ m} ‘
Acsdes Awm SB“f“""

HS-CHz-CH-CooH \C)rs i
NH‘L Cpleine

CHe S el

3 5 { CH""‘QH - Cooy (M)METWM
l

MQ%MM
NH .



Ay ) Alaal) (o gaad) - ¥

Methionine



' ' ‘
. -~ SpA ) | _4_
NAN C)-JFJJ*‘"‘:“"“':‘?X ool
o = - 3 ,é s el lews AHLA&i .
,qca‘d'a Am ings l/‘kf-d"b&"_ ‘VE D ) ASP ‘!'!._ylwp
Ceo H -CHZ..C'H- Ceeo W

o ASN by
N ) - ,
{
NHy
¢ Ll o P
Heoe - chen_cy . o (F)eTu/
' A [ 4 \
NHo
-0 _
N\'\z

o Ugsad\
LN o
Hz'cul" ?u- Coo W ( - )G
NHy



~ ) ¢
S et sl s

ﬂzN‘C“z‘c“z'CH{CH{CH- Cooh (X)) Lysonl
' e

HN NHz
. \\ |
HN/ C-NK. CH-CH-CH CH CeoH (R)ARG":"DA
Nﬂz

H'C-—f-cu— CH-CooH (H) H'SU"#‘-—J
VM,
¥



é’-rb)\ Syas ; :X' -9"’}"1 \ -&

<_9.>”CH;- CH— Coc\W\

)
NH ,

(F)Pugfvfb”&_.:_o"

(Y)TIR &iaps

Hc.@_ CHop — CA—Ce =\

\
NW o

N —— TRP ~ L s
@ra))— i i e ) B
M NH-

LT mune-acd w\f\,)é)}\_‘;
“:t‘*&":. 'J
. ,.3 Cee H CP) PRo ‘;’,J"’:‘
H



Aromatic R groups

c00- co0" coo-
Hgﬂr—cl:—H HSI+~J—(|3—H H3P+~I—(|3—H
CH2 CH2 CH2

| e
58 B
o \j

Phenylalanine Tyrosine Tryptophan

So_bal\ SisWl o AN _

{S>-cH,- cH= Coowm FIPHEA=YLL

\
NH ,
CY)TrR Sisps

HO_@_ CHm_Q“—Coe\:\

N\-\-,_

'—’jﬂf Q\-\l ...Q\\ - s —(r\ﬁg ﬂb.,-'.l"

nn,_



Proline

H2
| ;’C H>

g~ C
\
H' “CcooH

proline



Twenty standard Amino Acids

Nonpolar, aliphatic R groups
COO

Aromatic R groups
cCoo~

| (l':OO ?00
Hﬁfq—?—ﬂ H;N—C—H H_gl‘l'l—(J)—H
2 Ha S
CH; CH;
Glycine Alanine Valine
(IIOO (|}OO (llOO
Hm—cl: —H HHN—(E—H H_-,N—CJJ—H
H» H—C—CH,q
i i3 n
C\I'\I ([}H,
CH; CH;4 ?h CH,
CHjy
Leucine Methionine Isoleucine
Polar, uncharged R groups
(l'JOO (IIOCI (|!00
H,N—C—H HN—C—-H  HN—C—H
H H—C—0H Ha
Serine Threonine Cysteine
(IJOO ?00 (IJO'O
% i ‘
L H;N—C—H H;N—C—H

LR

Proline Glutamine

Asparagine

COoO~ L'llOlO'
I—IgN— —H HqN— —H H.;zir—f]:—H
|CH=3
BR
Phenylalanine Tyrosine Tryptophan
Positively charged R groups
CI!OO £|!00 (l}DD
Hal'ld‘—(l:—H Hsﬁt—tl:—H H N— (lz —H
8y i P
?Hx CH;
H (IJI-12 fch
9 [ CN
N B
*NH, ?-—-fm,
NH,
Lysine Arginine Histidine
Negatively charged R groups
COO~ COO~
H,N—C—H Haf.r—(l:—ﬂ
?Hg (l'JHg
COO~ (|3H2
COoO~
Aspartate Glutamate




NM—M,‘ P/ ¥\ - 9o A o casil s 'p\ww,;,ﬁ\m!\q,@\. ‘
'“w‘“‘-“r*‘-ubw“ c»\\d‘ - v I - g3 8\

Q¥ gl @l sl up'sd.
udyhX\{;\lew\a)(}\dM# W}\(hﬂdﬁé ub’d\\

QL 34 FIAIL VY 1N
Awit s W o
ey sl € 079,00 loge
Uy e i\ S

M/’/‘ - \-:-Ju;""“ 5’\"’&'%
awctitm & 280 - 260 Pabio,

(w
,J)LJ)

' :'m‘/c.n co N

-
A_-'-I'



M\ op\ _,:.\\ .
s Sy 2apM .339.’ at ._4 g L\ up\_p“ ot

w—»‘e--vyoe’nfyoé‘ﬁxi-\-W'k\ad‘dé-',a.l‘uqb,l\ S k.
R. 'CH- CooH -\-R.ol/ (#*) R. CJI Coo-R + K0 |
Ve o TAYE A ¢
stv ahif Dt e v
‘M\p,thM\u&)+wX\ud\da\a$‘aAo,3\ ORI ]
L. fﬂ -tool + Mop-R -—)R.’w -Co-NH-R & Hzo
- MHe MA 2
e gep it a9\
i\ & Cog 8¢ Supd Sub 5.3
R-fH-Caoll ey R CH2-WH2 & Cpp
VH 2 ..
2V exdl



 Syas Bl Sl 0 05 13 Ul 3l -0
OIA o) 51 a0 Sonep bl ays¥icnd! a T ¢ 308 cmed L. L
g-?H-CooH + A0, ———-)R-,CH-CMH -\-A/z)-l- H2 0

NH? oH
a\cer  dher (g5t Py P

a8\ N o dils 5w SN ipd! 6tk b e 15 1 b
R TL P\ (W B A VAT



et AW 5.2
(“‘:‘f"“"‘\w“\@-‘-’i‘i‘\—v)im;mes cla\i_..g\(——ﬁ-*‘-g@ﬂ\-&-c&g@“gl de,.}\
R-CHO + Ho M- CH-R —> R'-cH =N-cH-R
R c{ooH c‘ooy

oo\ e? SWY

M- feyle (Sumd - ) SUE s 5173
Xpad N DN e BT T 6002 510 sk 4 L IS o A\ 2P
R-Co-% 4 Hz V- CH —R —> R-Co-HN-CH-R + XV
Cool Coop
23D crw\oes hipe® O Al

-



MMA\ Jﬁ’: MWU\w‘,ﬂ\ 4

(Mindudrine) o il 904

S0 )\ Jge.mzba,d\qbg\g,e_ww 2 s\ soyed

H?drm-hjq“ Ay sisd =« U BN 0, Wiy +M1M+3MJ\9J,,
Pourpve de Rukemam 7 570 Wb 2% yess g waie

Con + NHz + ROCHO
II O H

L]
| oH
H
OH LlE H
| Q

Hinhydrim Amincg acid Hydrindantin
21 o
| oH | oH
[ < e T <
OH
[l [l H
Hinhydrin Hydrindantin

7O [{Purplel

:
:



daaciyt) Jaylg 1) Jusiss — ¥

®” 0 L4

Amino acid (2) H

Peptide bond H

G

H
" »
H H
Water

Dipeptide



’ cooH
c.@z - cK cool
HyN ‘Crl | g
-&‘" CH'LOH T+ C- C"
MZ Serve  H20 r \: c.H;oﬂ
HW Serve (s Ser). dipeplide
S'II
a Ch 4

”w-cﬁ. V=t - €. ,u.cp-coa//
cH3 p'l £ C”-cﬁg

b i)



Y] (agand) (ol

Lo Laily oz kel Wy AT Y Baill) Al (a gaal

(Ad<h) Wisal < (oanslil) oY) £3) Al Addagl) g3 -
(2d) s «

(uS 48la) Acetyl COA «  Asusll Jsagd) —

~ ol 1ae) ca¥) S cSle il @fils) Adua) (hgenl) alina JSi

(Ol —Omig A

Transamination ¢u) Jai cdlelds -

caali Transaminase ¢madd Al culay 33 e Wil o o g3
Cmisld (pdaang Gaial Cppdaea G Jgail

glutamate pyruvate transaminase Shizaleaili b claligle
) SRk a3 13 aghy ((ALT Shsbedls cui¥l) (GPT)
gl paas ) dualighl) jaea (e -

Ul Geld o plaes ) VY o -



Coo M
CH3 4 Cocl cHy \“
»a
LNy P ALT c':Og. W
C'ool;”ﬂ\ ¥ le .‘."3- : N
Ve . CooH T
[T terT e
vl ¢oo M bbi é, \;.,
i o

(sl J8i) QIil) B9 (Al A GPT agsil dag -
Cra BIED) JlaS gpd) Clid A CO- ENZYME a3iY) 038 asal -

(“Vit B6” (Sl



glutamate oxaloacetate jlialudls ciliufgliisl claligle -
a5l 29 ((AST il sinal cilijuud) (GOT) transaminase
sl B el JSiyg i) Abae B ) JS8y 2o
OaY) Sk YY) oda a6k
oxalo acetic acid saleall JAl) aas ) clialighl) (aan (e =
sl Gl oL e ) bl aea (e -

Coold ﬁ°°“
\
cecH C,°°H i CHa “:HL
| eHy AS\ v CWe
cR«LJ | (GoT)  coo W “76
teo W ‘"“"'f‘ o coo L)
. e \
f;’?r‘wp ce W (l"'.)\.}1 u!i lﬂ&éf

i f‘:‘:).‘)\ﬂﬂ'.? 4 6.”’



2535 Aty 2l B (ga 1 g aaSll) ) £35 cDle it — Y
Slagouas clalipghe — 5 el CBBU -

flavin s il cr & 4y pagead)l clawSis o) -
(FAD) flavin adenine dinucleotide s (FMN) mononucleotide

Q\an“ "
- C&hm‘t ‘\%Ara Snafe
C\ R 4 - ‘_f-?)/fnﬂ..té L Lgie y
CH - NWH2
|
Coo W
Coo W
JL.-. - '
. - ¢
Mo = NADW W p
L_,:_o Ny
}
Co o H

?‘L;“.‘J\NJ‘;Q oes®
- Oxog&.‘\:ﬁmﬂ.



am;\e a cd

) Frr\watX gladame te XM%H K20
kek ¢aj alawwe “ omg&hm‘ti NADH + H+'!' NI!:

: oy ALT (Get) TGJI\MAE_
' JC" 1"0% as e

evaloacctale : bt

aspav hae o Xe oxqu’uut'

pffff J-\
ot ((r0Y)




z\.glg..a;\ﬂ 045& L;JJUS-“ dsﬁ-e-h Pr-"

Alanine
Cysteine
Glycine .
Serine Leucine
Threonine Lysine

Tryptophan| | Isoleucine Phenylalanine
Glucose B = Tr‘fptur:rh ar
\ Tryptophan I T'g.-'ru_slne )

Phosphoenol- Pyruvats

Prjeare \Hﬂﬂ'l'!i CaoA Acetoacetyl CoA
=
mL Oxaloacetate
A
Aspartate
Phenylalanine Fumarate Citrate
Tyrosine A
. 3 Arginine
= Succinyl n-Keto- Glutamate
Col glutarate Glutamine
e Histidine
Proline




<

Y Jataal) M

[hetar;.r pmtem] Endngenuus amino acid pools J [Dia'tary prmeinJ
\ /xdmn l; un:n\\ /
L-Phenylalanine o=  L-Tyrosine

phenylalanine hydroxylase
+ tetrahydropterin (BH,)

Decarboxylation
ransamination

Phenylethylamine Phenylpyruvate Fumarate

|

Phenylacetate

l - |

Phenylacetylglutamate o-hydroxyphenylacetate ~ phenyl-lactate CO,+H,0




Sl Jaidl) It

Trans aminase

Phenylalanine —# Phenylpyruvate
(Phenylketone)
Phenylalanine | Deficient in

Hydroxylase | Phenylketonuria

Tyrosine —% —» Melanins

Multiple +
Heactions ¢

Fumarate + Acetoacetate



Pathway of tyrosine degradation
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Presentation Notes
Pathway of tyrosine degradation. After the first step of transamination of tyrosine with α-ketoglutarate (α-KG) to form glutamate and the ketoacid of tyrosine, the ketoacid is decarboxylated, releasing the carboxyl-C as CO2. From there a series of steps opens up the aromatic ring, eventually forming fumarate and acetoacetate as end products.


Pathway of catecholamine biosynthesis.
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=  Maleylacetoacetic acid

(klug & Cummings 19597)
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Nature Reviews | Drug Discovery

J(BHT Jams) Lenlisil (5 55 (oo sl s A8l Uil e (L8 gk A1) iDMBTA)
Tryptophan 2,3-dioxygenase (TDO) and indoleamine 2,3-dioxygenase (IDO) are the initial
and rate-limiting key enzymes in the same step of the Kynurenine pathway.
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Phase determined

7N\

Experimental data:
Three dimentional coordinates
Relative mobility of atoms

Model built over it

"
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—y
—y
—
—
_— .
-
—y

Refinement of the
model comparing
with empirical data

Optimised protein structure




Nuclear Magnetic Resonance (NMR) (wdalizall 5 9931l ¢y ) -

Spectroscopy
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Nuclear Magnetic Resonance

Sample
RMN spectra
Spectra procession
Sequential assignation
Conformational restrictions
3D structure calculation
Refinment

Analysis
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RMN spectra

Spectra procession

Sequential assignation

Conformational restrictions

3D structure calculation

Refinment

Analysis
























NMR vs. X-ray crystallography

NMR models An X-Ray liquid crystal



Experimental approaches to protein structure

[1] X-ray crystallography

-- Used to determine 80% of structures

-- Requires high protein concentration

-- Requires crystals

-- Able to trace amino acid side chains

-- Earliest structure solved was myoglobin

[2] NMR

-- Magnetic field applied to proteins in solution
-- Largest structures: 350 amino acids (40 kD)
-- Does not require crystallization
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Cell compartments and folding

o eukaryotes (sl cilida

- CYtoSOl ...coueeeeveeiieiiiaa protein synthesis, folding/assembly

- extracellular ......................... proteins are exported in folded form

- mitochondria ........................ limited protein synthesis; energy
production

- chloroplasts ............ccccc......... limited protein synthesis; light
harvesting

- endoplasmic reticulum.......... import of unfolded proteins; protein
processing

- PErOXiSOME .......evvvveeeeernnnanan, import of folded proteins; anab./catab.
pathways

-nucleus ..........ccoeevvvveiinnnnn..n, import of folded proteins

- lysosome..........cccoevvvvveennnnn... import of unfolded proteins;

degradation



O g ) (s sk g Ag ol Sl
Cell compartments and folding

e bacteria  adiladl

- CYIOSOI ..., protein synthesis, etc.

- PErIPIASIT ... Import and folding of
periplasmic proteins

-extracellular ......................... proteins are exported

earchaea  <lilayl)
- VI0SQF.. ). N Rt N P s protein synthesis, etc.
-extracellular ......................... proteins are exported
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Folding in vitro vs. in vivo
in vitro wisall s in vivo £ ¥ 4

mRNA

protein denatured
in a chaotrope

Ribosome Nascent

polypeptide
f"‘\

il 5 8l
folding by dilution Cla glae @l Laaaal ) folding
in buffer DAY ¢ ohaill 3 53l

6\,

Jas dalise 4, lad) 450l ¥

folded
protein

folded
protein



Solution: molecular chaperones

e in the late 1970 s, the term molecular chaperone
was coined to describe the properties of nucleoplasmin:
Nucleoplasmin prevents incorrect interactions between
histones and DNA

Laskey, RA, Honda, BM, Mills, AD, and Finch, JT (1978). Nucleosomes
are assembled by an acidic protein which binds histones and transfers them to
DNA. Nature 275, 416-420.

* in the late 1980° s, the term molecular chaperone was
used more broadly by John Ellis to describe the roles of
various cellular proteins in protein folding and
assembly



Molecular chaperones:
general concepts

Requirements for a protein to be considered a chaperone:

(1) interacts with and stabilizes non-native forms of protein(s)
- technically also: folded forms that adopt different protein conformations

(2) not part of the final assembly of protein(s)

_ self-assembly refers to the folding of the polypeptide,
Functions of a chaperone: as well as to its assembly into functional homo- or
“nlassical” hetero-oligomeric structures.

- assist folding and assembly assisted self-assembly
(as opposed to spontaneous

more recent ; sel -assembly)
- modulation of conformation

- transport i prevention of assembly
- disaggregation of protein aggregates :  assisted

- unfolding of proteins disassembly


Presenter
Presentation Notes
self-assembly refers to the folding of the polypeptide, as well as to its assembly into homo- or hetero-oligomeric structures
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*ARGININE METHIONINE
HISTIDINE PHENYLALANINE
ISOLEUCINE THREONINE
LEUCINE TRYPTOPHAN
LYSINE VALINE
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Urea Cycle



e NONESSENTIAL AMINO ACIDS byl & Ltia¥) (aalaal)

ALANINE GLUTAMINE
ASPARAGINE GLYCINE
ASPARTATE PROLINE
*CYSTEINE SERINE
GLUTAMATE *TYROSINE
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SYNTHESIS OF NON-ESSENTIAL AMINO ACIDS

At Tl e (00l 122) Lgnpen il o

— PYRUVATE <l g

— OXALOACETATE <bisd 1) <]

— 0-KETOGLUTARATE <l jlisle g€ -Lali

— 3-PHOSPHOGLYCERATE <l jule gaud -



Pyruvate as an Entry Point into Metabolism

Glycine
Tryptophan
1
H-C HO
8%
*HsN COO~ *HsN COO~ *HsN COO- HzN COO~
Alanine Serine Cysteine Threonine
A 4
O
Hyc” Lcoo- Co0

Pyruvate 2-amino-3-ketobutyrate



Oxaloacetate as an Entry Point into Metabolism

Aspartate and asparagine are converted into oxaloacetate

aspartate + a-ketoglutarate < oxaloacetate + glutamate

Asparagine is hydrolyzed to NH,* and aspartate, which
is then transaminated.



a-Ketoglutarate as an Entry Point into
Metabolism

Proline Arginine
Glutamine \ / Histidine

*H3N

0
3 B 4
~“00C COO~ ~“00C CO0O~

Glutamate a-Ketoglutarate



Succinyl Coenzyme A Is a Point of Entry
for Several Nonpolar Amino Acids

Valine

Methionine | Isoleucine

ISRAWART

Propionyl CoA Methylmalonyl CoA Succinyl CoA



Methionine Degradation

S-adenosylmethionine (SAM) - a common methyl donor in
the cell

Homocysteine promotes the development of vascular
diseases and atherosclerosis

COoO~ COO~
H3C H., H.,
C00- 4 NH* ; NH;* C00-
adenine adenine
H3C\ H., : - H.,
S HS
NH;* NH*
HO OH HO OH
Methionine S-Adenosylmethionine S-Adenosylhomocysteine Homocysteine
(SAM)
l/Serine
_OOC\\ _NHz*
~00C S — S COO~ COO-
i “SNCoA e HsC SCoA —— HiC H H,
H L ; :
: 0 0 (0 Cystei S
ysteine NH3+

Succinyl CoA Propionyl CoA o-Ketobutyrate Cystathionine



The pathways for the biosynthesis of amino acids are
diverse

Common feature: carbon skeletons come from
intermediates of

= glycolysis,

= pentose phosphate pathway,

= citric acid cycle.

are grouped
intermediates

All amino acids [ Pyruvate j

into families

according to the

that they are Alanine  Valine Leucine
made from



( Oxaloacetate )

«

( Aspartate

Asparagine  Methionine  (Threonine] Lysine

i

Isoleucine




~

r Phosphoenolpyruvate

_|.
Erythrose 4-phosphate

s/ ¢ )

(Phenylalanine) Tyrosine Tryptophan

\

Tyrosine




[ a-Ketoglutarate j

v

[Glutamatej

¥\

Glutamine Proline Arginine




(3-Phosphoglycerate]

‘ (Ribose 5-phosphate)

( Serine ) }
istidine
I | \ Hist

Cysteine Glycine




3aa) g 5 ¢had - TRANSAMINATION REACTIONS (¥ J&i eMelds [

= PYRUVATE + AA - ALANINE + o-KETOACID
= OXALOACETATE + AA > ASPARTATE + a-KETOACID

= o-KETOGLUTARATE + AA = GLUTAMATE + -
KETOACID

bl Al gieY) e sene (53055 : TRANSAMINASES () @MU [
(PLP) PYRIDOXAL PHOSPHATE <lind JLus 52y 5

siral Cile gane JiE o LSy o3l oo cleaan el (alaal) m
bl s clalisle a5 el @Ml alaxs w



ASP il paaal ATP Ao dairal) 4l JSE5
GLU &ualiglal) (aan g
GLN 0l slll 5 ASN cal_Jan) ¢ —
— GLU + ATP + NH; = GLN + ADP + P,

GLUTAMINE SYNTHETASE ¥
Ol s1aS U3 055 ¢ sl NH, @
Sl (e ) 8 ginel Cile gena ary Caalilal) o

— ASP + ATP + GLN - ASN + AMP + PP, + GLU

ASPARAGINE SYNTHETASE a3 o
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GLUTAMINE SYNTHETASE

0-KG i) s GLN SYNTHETASES - Jaii «clpail) i m
Gl el ) et A stia AAS ArieY) (alaal¥) 30L ) m

NH; + 0-KG « Sl slall oSl (el ¢ i
(C2333) GLN ¢natisle st UREA Ls < NH;0

GLN SYNTHETASE Ll (el olall Jasi il 5 ,LaY) 8 o-KG T [

SCHIFF BASE: AMINE + (ALDEHYDE OR KETONE) - IMINE
(CONTAINS A C=N BOND)



crisa oY) s ORNITHINE i) 5815 PRO ¢y ) e DS B3l o
GLUTAMATE cali sl 0 ARG

ddadh 4 3-PHOSPHOGLYCERATE
(< shd & G Cillly Jas) SER gl -

(1) 3-PG + NAD* > 3-PHOSPHOHYDROXYPYRUVATE + NADH + H*
(2) 3-PHP + GLU = 3-PHOSPHOSERINE + a-KG
(3) 3-PHOSPHOSERINE + H,0 = SER + P,
(1) SER + THF > GLY + N5N2° - METHYLENE-THF (DIRECT)

(2) N5,N2 - METHYLENE-THF + CO, + NH,* > GLY + THF
(CONDENSATION)



COO
H—C —OH
CH, —OPO5*

A-phosphoglycerate

HO —CH,—C —C00

MADH

+

HAD CQQ_
\ H—=~C=—0
P
S-phosphoglycerate CH- _DPQHE'
dehydrogenase
A-phosphohydroxypyruvate
clutamate
arninotransterase
Y ce-ketoglutarate
P, COO
g WA
- HaMN —C—H
phosphoszenne ;
phosphatase CHy —OPO;~

Aphosphosenne




CYSTEINE (niieusad) (S5 o

<« HOMOCYSTEINE (i 5o 58 + SER (12w —
CYSTATHIONINE (5 gilivesns

METHIONINE (s siiall adast i o8 (i ga g¢l) @

0-KETOBUTYRATE <) i 50 5 Wl ¢ (g guilionyal) —
CYS (s +

MET Csfisall (3 35 SH - 4 sana :NOTE 4d2adle o

bl el e g @l ) e dds 8 i) 8 SN
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Glutamate

ATP Cysteine
ADP + Pi

r-zlutamylcysteine

nTPD/,/—GIy[:inE
ADP + Pi
¥

?H
il N
?—NH—CH—E—NH—?HE
CH; coo’
CH p
" ° &  Glutathione
CH—NH-
| o
cCOQ

Synthesis of glutathione (GSH)



\r Eljyciﬂe

Aspariate C.
el
E‘%NEE N k-—Nm—chn“ﬂyl—
1o _} j tetrahydrofolate
Loyl ‘K

tefrahydrotolate Glutamine

Origin of atoms in a puring ring

Glycine is incorporated intact as constituent of purines.



| o ki MNH:

C=NH- in kidney - H;ﬁ=(3’;
r~:1-| @ NH—CH,— CO0°
CH; guanidoacetate
{|:H2 glycine arithine
| S-adenosyl .
?HE o methionine in liver
1|:H—NH3

=]
“00 S-adenosyl-
arginine homocysteine

& thg
HaN=C_ o

" riH—Cl-lz—CDD

rJJ 7 0 nonenzymatic ATP CHy

il creatine
HN=C | ADP

H‘N —CHo O creatine

5 Oy,

HC P. +H,0 0 ; & phosphokinas
creatinine B -:"MH
“r}l—-r:H;—r:r::uD“
CHs

creatine phosphate

Synthesis of Creatine and Creatinine
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(gly) Glycine ¢pesdad) |

porphy”n w‘/);‘ﬁ‘)j C«LS‘)AC.\mSeM(—U:}AJJ.\.\MJUJ.})SM L"_i“).l a

Hb Csle sanel
purine coosdl dSued V0 ¢f aual gall IS4 «— gly cs a2 Js22 D
(425 s Uxlaal) glycocholic acid <« cholic acid + gly .c
(0L S o Se) (n-methyl-gly) sarcosine < sam + Gly .d

Alanine ¢ ¥
4l La 320l 4 amino N, <« gly + Ala —
carnosine ) & 25 50 < his (s + B-ala —

(AlSell Dmall asiy) (Ll sl s _Sll 0p)



Sarcosine, also known as N-methylglycine, is
an intermediate and byproduct in glycine
synthesis and degradation. Sarcosine is a
natural amino acid found in muscles and
other body tissues.

Sam: S-Adenosyl methionine

Carnosine is a dipeptide of the amino acids
beta-alanine and histidine. It is highly
concentrated in muscle and brain tissues.



http://en.wikipedia.org/wiki/Amino_acid

mq,c I,CH:,HCH;NH;
I 2
PN
N\"’_zH; i
= CH 0
CH,” ko
0
Carnosine

carnosine is the dipeptide of the amino acids B-alanine and
histidine.
Carnosine is highly concentrated in muscle and brain tissues.
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Histamine

Histamine
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mondamine oxidase
O bl dadla oa




Nitric Oxide NO

» Nitric oxide (NO) is produced by vascular endothelium and smooth
muscle, cardiac muscle, and many other cell types.

* The substrate for NO is L-arginine that is transported into the cell.

Acetylcholine
Bradykinin
Substance-P

: InsLlin
Endotoxin L-arg Shearing Forces
Cytokines




Conversion of arginine to NO via
nitric oxide synthase

H+

0, H,0
+ +
NADPH NADP*

N

0, H,0
th +
NADPH NADP*

. A\

Arginine N-w-Hydroxy- Citrulline Nit_'dic
arginine X0



N

Polyamine

Biosynthesis

Conversion of arginine to
ornithine.

ODC (ornithine decarboxylase).
Putrescine to spermidine
(spermidine synthase, putrescine
aminotransferase).

Spermidine to

spermine (Spermidine
aminotranspherase).

SAM — s-adenosyl methionine is donor

of methyl group

&
MHz
& | o
HaM—CHo—CHo—CHy—CH—C O O
Omithine

8] ]
co,

& &
HaN—{CH3)4—NH3

Putrescine

SAM
pﬁ " methylthioadenosine

o @ @
HaN—{CHz)4—MNHz—({CH2)3—MNH3
Spermidine

SAM
pﬁ'methyhhiuadenus ine
&

@ @ @
Hal={CHz)3-MNHz—{CH3z)4-MNHz2 —{CHz J3-NH3

Spermine



Tryptophan

Tryptopan serves as the precursor for the
synthesis of serotonin and melatonin

HO @
T’:’;\FH—CHTC Hy—hHs
i W

H

Serotonin
(5-hydroxytryptamine)

0

CHeO i
\K/j\—”—cw—cw—m—c:—%
Sy W

H )
Melatonin



Tyrosine {sjgusll 1
epinephrine & norepinephrine ¢u_dinl ) sill 5 (o yiidd dalh -
triiodothyronine (T;) & thyroxine (T,) Gl <l sa el Aaglla -

Creatine & Creatinine i Sl g ol 81 |V
phosphocreatine JSi aall 5 glaall g S liarll & 00 SN s ) -
(4 320 3 U1 an 53 o) Jsall 8 3gn ey - 1 all oyl IV -
(gly, arg, met) AAs ¥ e aclihaal Jaiy -

Gaba - y-aminobutyrate i s sisl GlE A

decarboxylation J=S & Sl ¢ 5. fr glutamate J< -

<« transamination ¢sY! Ju: catabolism <l Jaid, -
succinate « succinate semi-aldehyde




OH

i # s CH-CHy— NH—CHg

MH;
f7\|—CHz—éH—caaa HO

J\ ) OH

HO

Tyrosine | Epinephrine

tetrahydrobiopterin

L 0.
tyrosine t= . henylethanolamine
5-adenosylhomocysteine P
hydroxylase < dihydrobiopterin ) N-methyltransferase

+H.0 S-adenosylmethionine
OH
|
Y : e CH-CH— NH
&
™ CH—CH—C00 HO
T I
HO/%) Norepinephrine
OH H,0
DOPA

DOPA decarhoxylase O, dopamine p- hydroxylase

Co,

ff\‘_CHz_CHE-MHE
4%

oH
Dopamine

Synthesis of the Catecholamines from Tyrosine
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SOME HUMAN GENETIC DISORDERS AFFECTING AMINO ACID METABOLISM

Name Defective Enzyme or Process

e Albinism e Tyrosine 3-monooxygenase

e Alkaptonuria e Homogentisate 1,2-dioxygenase

e Argininosuccinic acidemia e Argininosuccinate lyase

e Homocystinuria e Cystathionine B-synthase

e Maple syrup urine disease e Branched-chain-a-ketoacid
dehydrogenase

e Phenylketonuria e Phenylalanine 4-mono oxygenase

e Hypervalinemia Valine transaminase

e Cytinosis e Storage and/ore release of cystine from
lysosomes
Cystinuria Renal and intestinal transport of cysteine

Hartnup’'s disease
Histidinemia
Isovaleric acidemia

Renal transport of neutral AA
Histidine ammonia lyase
Isovaleryl CoA dehydrogenation



		Name

		Defective Enzyme or Process





		· Albinism

		· Tyrosine 3-monooxygenase



		· Alkaptonuria

		· Homogentisate 1,2-dioxygenase



		· Argininosuccinic acidemia

		· Argininosuccinate lyase



		· Homocystinuria

		· Cystathionine (-synthase



		· Maple syrup urine disease

		· Branched-chain-(-ketoacid dehydrogenase



		· Phenylketonuria

		· Phenylalanine 4-mono oxygenase



		· Hypervalinemia

		· Valine transaminase 



		· Cytinosis

		· Storage and/ore release of cystine from lysosomes



		· Cystinuria

		· Renal and intestinal transport of cysteine



		· Hartnup’s disease

		· Renal transport of neutral AA



		· Histidinemia

		· Histidine ammonia lyase



		· Isovaleric acidemia

		· Isovaleryl CoA dehydrogenation 






Measuring total protein (Sl (59l (b
+ Ol gyl elaal Baaete daldat 3y clllia @

(faza e 48y k) Kjeldahl’s method JIAlS 44, jla
Direct photometry silu (5 s Gl -
(Lowery) Folin-Ciocalteu 4& )k -

Coomassie Brilliant ¢Amido black) glexall 4dal ; 3 )k -
.(Silver ¢Blue

saes ) sulfosalicylic acid  <lilllus bl (oaesy a5l -
(TCA) trichloracetic acid &8 &ulia cliuy)

Biuret method e ladl Ly sall 45y 4l -




Kjeldahl’s method

Specimen
Hot H,SO, digestion
Correctio for non- protein nitrogen

NH4*

Titration or Nesslesr's
reagents (KI/HgCl,/KOH)

Protein nitrogen
l Multiple by 6.25 (100%/ 16%)

Total Protein



Direct photometry &l (&g (b

Lol 5,0l Amax) & YYo—Y.. ou GU‘J I gkl o oabaia¥)
(Al

vie JAE G dall Bl el aes call lagn gl o all ol
2 YA Ll sk da e

(Lowery) Folin-Ciocalteu 43k

Protein
Phosphotungstic/Phosphomolybdic acid Reduced form (Blue)
(Tyr, Trp)
biuret dicload) U ) sll 45y jla e Ulal 23 ylall 238 padid -
o JAselaadl U yall s e Voo o ST AL -
ALY sy EED) imny rlind oadgad JSE -
Phosphotungstic/phosphomolybdic acid Reduced form (blue) Protein (Tyr, Trp)




Biuret method 4dslaall U gl 48, jh
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H,N

Cu' "
or. .. | 0 =3 Blue adduct (A =540 nm)
| OH
H H
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(-
O
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.(cupric) Cu**
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Non protein nitrogen compounds
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Urea cycle: location and source of atoms

y H20 o .
Fumarate Arginine )K e Urea synthesis takes place
\ HN"  NH, mostly in the liver.
Urea
e One N atom of urea comes
Argininosuccinate Ornithine from ASp
X . v * One N atom comes from NH,*.
- cabamoyi | ® One C atom comes from CO,
Aspartate Citrulline phosphate
R—NH, R NH, (red).
CYTOSOL iy e \O( e Ornithine acts as a carrier of
f various atoms in the process
CO; + NHs* | of synthesizing urea.




Urea Cycle

e Enzymesin
mitochondria:
1. Ornithine

Trans-
carbamylase

Enzymes in cytosol:

2. Arginino-
Succinate
Synthase

3. Arginino-
succinase

4. Arginase.

COO"
ornithine

O 4 Hzo
I N
H2N_C_NH2

H,N NH., "
urea 2 \c// 2
| 3
ITIH l 7
e 5 % 000"
arginine
[
fHZ CH
HC—NH;" |

O:C_NH2

H,N—C— OPO32_
carbamoyl
phosphate

1N A

Urea Cycle

i COO"
COO~ fumarate

NH

CH,

| . .
(|:H2 citrulline

CH,

HC NH,t  CO0

COO_

ATP HC NH,
AMP + PP, a{—

COO_ COO'
aspartate
CH2
| H
HC|:—N—(|::|\||-|2+
COO™ ITIH
(|7H2 arginino-
(|;H2 succinate
T
HC—NH;"

COO
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carbamoyl phosphate
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aspartate







fumarate







arginino- succinate







citrulline
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Urea Cycle
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Creatine and Creatinine

Arginine-glycine

transamidinase NH
. NH2 NH;* (Kidney) P 2
[ ————— _ -
H,N=C-HNCH,CH,CH,CHCO,” < HaN=C-HNCH,CO,

Glycine Ornithine

Arginine Guanidoacetate
SAM + ATP
H Guanidoacetate
N O Methyltransferase d S-Adenosyl-
L (Liver) homocysteine
CreatlnlneHN=< j + ADP

L Non-enzymatic
(Url ne) Il\I Muscle) 2
CH, , NHPO;
Creatine kinase HZN:C'I}ICHZCOZ_

NH Muscle
St | . : CHj

H2N:C'I}ICH2CO 2_ 4 ADP

Creatine +P, _
CH, ATP Phosphocreatine
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¢uric acid
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intestinal phospho-s pancreatic nucleases 4aulg
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non-specific phosphatases 4y & Uliud 4 ganay
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Nucleoside + H,O = base + ribose (nucleosidase)

Nucleoside + P, = base + r-1-phosphate (n. phosphorylase)
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nucleotidase s nucleotidase o nucleotidase Y nucleotidase
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adenosine !
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Adenosine / \ Inosine Xanthosine Guanosine
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Riboss-1-P -~| phosphorylase Ribots-1. P | phosphorylase Ribssa 1B | phosphorylase
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Xanthosine Degradation
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Representation of a simple

enzymatic reaction E+S b EP S E + R

Transition state (1)
-__-__I\______-l\

O +
g.: AGs—>P
= AGY
% P—>S
wls T TTTNC T " JAG'O
T DR =, 5 A
& |Ground P

state Ground

state

Reaction coordinate

Reaction coordinate diagram for a chemical reaction

Enzymes affect reaction rates,
not equilibria

Transition state ()

Free energy, G

Reaction coordinate

Reaction coordinate diagram comparing enzyme-
catalyzed and uncatalyzed reactions



Stickase

Substrate

Transition state Product

X If enzyme just binds substrate
@ then there will be no further reaction

S-A()

Enzyme not only recognizes substrate,
but also induces the formation of transition state

Adapted from Nelson & Cox (2000) Lehninger Principles of Biochemistry (3e) p.252



Presenter
Presentation Notes
Lehninger 課本上面 Stickase 的假想酵素，是一個極佳的例子，請多琢磨。
注意 Stickase 與基質結合區的外型，並非直接與基質成互補關係，而是與其『中間過渡』狀態有較佳的構形互補。另外，酵素與基質的結合區大多深陷入分子裡面，是酵素作用的一大優勢與特點。


The Nature of Enzyme Catalysis

@ Enzyme provides a catalytic surface
@ This surface stabilizes transition state
@ Transformed transition state to product

o R
@ Catalytic surface

Juang RH (2004) BCbasics



Presenter
Presentation Notes
一般 催化劑的主要功能是提供一個表面空間，讓反應物在上面進行反應，而此表面可以提供一空間上的便利，使得反應物更容易轉變成生成物。在反應物轉變成生成物的過程，會有一介於兩者之間的中間過渡狀態，是整個催化反應最難達致的步驟，通常此一催化空間可以使得此過渡狀態更為穩定，更容易形成。
酵素也是一樣，酵素的活性區提供一個催化口袋，此口袋可以穩定中間過渡狀態的形成；也就是說，酵素可以使此過渡狀態比較容易形成，所需要的能量 (活化能) 比較低。
但請注意，單是有一個催化表面是不夠的，催化性抗體 (abzyme) 的例子可以說明此一問題所在。



Enzyme Stabilizes Transition State

Energy change

ST

(sisAjerea ou) pasinbais ABiau3

(s1sAJered Japun) sasealoap Abisug

ep P

—> Reaction direction

T = Transition state What's the difference?

Adapted from Alberts et al (2002) Molecular Biology of the Cell (4e) p.166



Presenter
Presentation Notes
有沒有 使用酵素催化的最大差別，在於過渡狀態的能量不同。由上圖可以看出在酵素催化下，到達過渡狀態的能量較低，也就是有酵素存在時，其過渡狀態比較容易形成。為什麼？最直接的原因是因為酵素可以穩定過渡狀態，因此反應物一下子就可跳到過渡狀態，然後很快以轉變成生成物。
那麼，為什麼酵素可以穩定過渡狀態？



° Active Site Is a Deep Buried Pocket

Why energy required to reach transition state
IS lower In the active site?

It is a magic pocket

Bo
09 4 (1) Stabilizes transition

) @O “» (2) Expels water
0 05 (3) Reactive groups
(4) Coenzyme helps

Juang RH (2004) BCbasics


Presenter
Presentation Notes
酵素 活性區像一個魔術口袋，把反應物放進去後，就可以變成生成物出來。當然我們已經知道，這個口袋可以降低反應中間物的活化能，但它是如何做到的呢？ 本圖解提出四個可能的機制。
(1) 過渡狀態分子的構造中，經常都有相當高的局部電荷，而催化口袋內的適當位置上，剛好佈置有可以中和掉此局部高電荷的基團，因而得以穩定過渡狀態。
(2) 在水溶液中，許多離子間的鍵結或反應都會被水分子干擾，因此凹陷的催化口袋可以隔離大多數水分子，使得離子間的反應順利進行。
(3) 在活性區內的胺基酸基團，有些可以因為特別的空間排列，而使得原本反應性低的基團 (例如 Ser-OH)，因為附近其他基團的影響 (如 His 可奪取其 H+)，而變成具有高反應性的基團 (如 Ser-O-)。
(4) 活性區通常也是輔脢的結合區，輔脢分子都帶有強大的電荷基團，可以直接參與反應或者輔助反應進行。



° Enzyme Active Site Is Deeper than Ab Binding

Instead, active site on enzyme
also recognizes substrate, but
actually complementally fits the
transition state and stabilized it.

Ag binding site on Ab binds to Ag
complementally, no further reaction
occurs.

N

Adapted from Nelson & Cox (2000) Lehninger Principles of Biochemistry (3e) p.252


Presenter
Presentation Notes
酵素 與抗體的最大不同點，在於兩者對目標的結合區構形不一樣。抗體只是很專一性遞與抗原結合了，再來就沒有進一步動作；酵素則不但與其基質結合，活化區口袋會誘導基質變成中間過渡狀態，然後很快轉成生成物。  


Active Site Avoids the Influence of Water

%
OC%&&%QOO(%OQOQ
cho@

Preventing the influence of water sustains the formation of stable ionic bonds

Adapted from Alberts et al (2002) Molecular Biology of the Cell (4e) p.115



Presenter
Presentation Notes
活性區 深埋在內部的一個重要原因是，催化反應必須避開水分子，以免反應受到水合的干擾，產生適當的鍵結與質子或電子轉移 (水分子實在太厲害了)。
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EC:1 g‘i}l\z‘ &
NADH + H* + saal  —— NAD* + Jsas

—

EC 1.1.1.1 alcohol dehydrogenase
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5 a) NAD* a5y
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Enzyme Kinetics

Effect of substrate concentration on the initial
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Dependence of initial velocity on substrate concentration
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The switch: Allosteric inhibition

Allosteric means “other site”

Active site

L

Allosteric
site
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Enzyme Inhibition (Mechanism)

Competitive  'Non-competitive @ Uncompetitive

Cartoon Guide

Equation and Description

Substrate |

o Compete for
Inhibitor  active site Different site

E+So5ES—HE+P | E+SoESHE+P | E+So>ES—HE+P

+ o+ + +
/ / / | /
) e M) T | )
E/ . EJ+S—ESS

E/S

. [/] binds to free [E] or [ES] [/] binds to [ES] complex
complex; Increasing [S] can | only, increasing [S] favors
not overcome [/] inhibition. | the inhibition by [/].

[/] binds to frée [_E] onTy, |
and competes with [S];

Increasing [S] overcomes |
Inhibition by [/].

Juang RH (2004) BCbasics




Competitive = Non-competitive @ Uncompetitive
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= K. increased K - unchanged Both Vina, & K, decreased
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& intersect ” r\:\:aospara e/
Qo atyaxis 41/v__ InterseV g7 1N
g at X axis / max
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0 1K, 1/[S] 1K, 1/[S] 1K, 1/[S]

Juang RH (2004) BCbasics



Normal Enzyme Function
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Competitive Inhibition

o Example: Ethanol is metabolized in the body by oxidation
to acetaldehyde, which is in turn further oxidized to acetic
acid by aldehyde oxidase enzymes. Normally, the second
reaction is rapid so that acetaldehyde does not accumulate

In the body.

o A drug, disulfiram (Antabuse) inhibits the aldehyde
oxidase which causes the accumulation of acetaldehyde
with subsequent unpleasant side-effects of nausea and
vomiting. This drug is sometimes used to help people
overcome the drinking habit.
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Non-competitive Inhibition

o |f the inhibition iIs at a place remote from the active site, this is
called allosteric inhibition. Allosteric means "other site" or
"other structure™. The interaction of an inhibitor at an allosteric
site changes the structure of the enzyme so that the active site
IS also changed.

* Since many enzymes contain sulfhydral (-SH), alcohol, or acid
groups as part of their active sites, any chemical which can
react with them acts as a noncompetitive inhibitor. Heavy
metals such as Ag+, Hg2+, Pb2+ have strong affinities for -SH
groups.

» Nerve gases such as diisopropylfluorophosphate (DFP) inhibit
the active site of acetylcholine esterase by reacting with the
hydroxyl group of serine to make an ester.
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Uncompetitive Inhibition

 An example of clinical importance is
the use of Li+ Ions to treat manic
depression, the effectiveness of which
has been attributed to the
uncompetitive inhibition of myo
Inositol monophosphatase by Li+.
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