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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.
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Phase determined

P

Experimental data:
Three dimentional coordinates
Relative mobility of atoms

Model built over it

" -
—
—
—y
—
—
—-
—y
—y

Refinement of the
model comparing
with empirical data

Optimised protein structure




Nuclear Magnetic Resonance (NMR) (udalizall 5 931l ¢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

e eukaryotes (sl s

- CYtoSOl ..o protein synthesis, folding/assembly

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

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

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

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

- PEIrOXiSOME .....c.uevvvreeevrnnaann, import of folded proteins; anab./catab.
pathways

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

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

degradation



O gl (s skaig Ag glad) Sl
Cell compartments and folding

e bacteria  adiladl

- CYIOSOI ..., protein synthesis, etc.

- PErIPIASIT ... Import and folding of
periplasmic proteins

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

earchaea  <liilayl)
- CYIOSOI ..., protein synthesis, etc.
-extracellular ......................... proteins are exported
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Folding in vitro vs. in vivo
in vitro wisall - in vivo £ ¥ 4

mRNA

protein denatured
in a chaotrope

Ribosome Nascent

polypeptide
f"‘\

il 5 8l
folding by dilution Cila glae @l Laaaad ) folding
in buffer DAY fg shaill 3 530

A A

| Jas daliae 4 glal) 4ol Y
C | folded

e ) folded
protein ORieag)

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 spontanepus

more recent sel -assembly)
- modulation of conformation

- transport 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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e ESSENTIAL AMINO ACIDS bl Lulial) (alaal)

*ARGININE METHIONINE
HISTIDINE PHENYLALANINE
ISOLEUCINE THREONINE
LEUCINE TRYPTOPHAN
LYSINE VALINE
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e NONESSENTIAL AMINO ACIDS bl & 4abia¥) (aalaall

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

At Tl e (050l 122 Lgnpen il o

— PYRUVATE il 5y

— OXALOACETATE <lisud 1l <]
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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
Y
O
Wedl kcoo- 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

O
: _—
~00C COO~ ~00C COO~

Glutamate a-Ketoglutarate



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

Valine

Methionine | Isoleucine

\ S .

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

COo0O~ COO~
HzC H., 5
C00- y NH* 3 NH;* C00-
adenine adenine
H3('\ H, & B H.,
S HS
NH;* NH*
HO OH HO OH
Methionine S-Adenosylmethionine S-Adenosylhomocysteine Homocysteine
(SAM)
l/smne
"00C_ _NHs*
-00C S — coo” C00-
i T HsC
C CoA  —— HﬁW CoA «— Hs /Y
LY = Al
0 Cysteine

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.

All amino acids
are grouped

[ Pyruvate ]
into families
according to the

according "4
intermediates

that they are Alanine  Valine Leucine
made from




( Oxaloacetate )

E

( Aspartate

Asparagine  Methionine  (Threonine] Lysine

¥

Isoleucine




~

r Phosphoenolpyruvate

+
Erythrose 4-phosphate
(Phenylalanine) Tyrosine Tryptophan

B

Tyrosine




[ o-Ketoglutarate j

¥

[Glutamatej

v v\

Glutamine Proline Arginine




[3-Phosphoglyceratej

"' (Ribose 5-phosphate)

( Serine ) }
_, Histidine
Y

Cysteine Glycine




5aa) 9 5 ghd :TRANSAMINATION REACTIONS (ia¥) J&i cdlelds [

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

= o-KETOGLUTARATE + AA = GLUTAMATE + -
KETOACID

s 1) 5 Cile sane (53155 : TRANSAMINASES () 3B [
(PLP) PYRIDOXAL PHOSPHATE <iliud JLuS 53y 5

sinal Cile gane Ji5 o LS o3l oo dleaan el (alaal) m
bl s lalisle Al g5 el ML alaxs w



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

GLUTAMINE SYNTHETASE ~ )
Ol s1aS U3 055 ¢ sl NH, @
CMe Ll (e gl 8 ginel Cile gema ary (aalilal) o

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

ASPARAGINE SYNTHETASE a3 o



) agdati Aad gy L) o (a9 Al QLU () 985 [
GLUTAMINE SYNTHETASE

0-KG ilasl s GLN SYNTHETASES -l Jaii «cilpil) i m
Gl el ) et A siie AAS drieY) (alaal¥) 30L ) m

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

GLN SYNTHETASE il (el olall Ja&i il 5 ,LaY) 8 o-KG T [

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



crisa Y s ORNITHINE ¢ ) 5815 PRO ¢ls ) 0o DS B3l o
GLUTAMATE cali sl (0 ARG

ddadh 4 3-PHOSPHOGLYCERATE
() shd & G Cillly Jia) 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

+

HNAD CQQ_
\ H—=~C=—0
P
Sphosphoglycerate CH- _DPQHE'
dehydrogenase
A-phosphohydroxypyruvate
clutamate
arninotransterase
Y a-ketoglutarate
P, COO
4 .
¥ HaMN ——C—™H
phosphoszenne ;
phosphatase CHy —OPO5~

Aphosphosenne




CYSTEINE (niieusad) (S5 o

<« HOMOCYSTEINE (i sa 58 + SER (12w —
CYSTATHIONINE (5 giliverns

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

0-KETOBUTYRATE <) i 50 51 Wl ¢ (i guilionyal) —
CYS (e +

MET i sfisall (3 35 SH - 4 sane :NOTE 4d2adle o
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Glutamate

ATP Cysteine
ADP + Pi

r-Glutamylcysteine

nTPD/,/—GIy[:inE
ADP + Pi
¥

?H
] fhz O
?—NH—CH—E—NH—?HE
CH; coo’
CH .
¢ & Glutathione
CH—NH-
| o
ale

Synthesis of glutathione (GSH)



\r Eljyciﬂe

Aspartate C.
it
E‘%NEE N k-—Nm—chn“ﬂyl—
N1 Foma _} j tetrahydrofolate
Loyl ‘K

tefrabydrotolate Glutarmine

Origin of atoms in a puring ring

Glycine is incorporated intact as constituent of purines.



I ; i MH-

C—NH- in kidney - mﬁ:c’;
r~:1-| : NH—CHy— COQ°
CH: guanidoacetate
LlTHz glycing ornithine
I S-adenosyl s
{FHE Py methionine in liver
'I|ZH—NH3

=]
coo S-adenosyl-
arginine homocysteine

@ ,I‘HE
HaN=C__ .
NH—CH,—COQ0O

i 0 nonenzymatic ATP {!?HE.

i creatine
HN=C | ADP

H‘N —CHp 0 creatine

o O W

aHC P. +H,0 o ; 0 phosphokinas
creatinine 1N—-:"MH
“r}l—-r:Hz—r:r::uc:u“
CHa

creatine phosphate

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

porphyrin u@;\ﬂ)ﬁ cg}@dedﬁuﬁ(—dﬁjﬂ\jdﬁ)ﬂ\ <l y)a

Hb Csle sasel
purine cuosdl dSued V0 ¢f sl gall IS4 «— gly cs 2 Js22 b
(425 s Laleal) glycocholic acid <« cholic acid + gly .c
(0L S o Se) (n-methyl-gly) sarcosine < sam + Gly .d

Alanine ¢ ¥
Ayl L3l A amino N, <« gly + Ala —
carnosine 4 (& 2sa 50 < his (i + B-ala —

(LlSael) GBlanl) aiiy) (A Al s S 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

o
..-""NH'J

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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CH,—CH;
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N.__NH

Histamine

Histamine
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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.

Acetylchaline
Bradykinin
Substance-P

: InsLlin
Endotaxin L-arg Shearing Forces
Cytokines

INOS J'I:NDE

Endothelial Cell L ritrill
- N|D citrulline




Conversion of arginine to NO via
nitric oxide synthase

H+

0, H,0
+ +
NADPH NADP*

\/

0, H,0
+ +
NADPH NADP*

N

Arginine N-w-Hydroxy- Citrulline Nit_:iic
arginine X0



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 @ @
HaMN—{CHz)4—MNHz—({CHz)3—MNH3
Spermidine

SAM
pﬁ'methyhhiuadenus ine
&

@ @ @
Hal—={CHz)3-MHz—{CHz)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 {jgusll 1
epinephrine & norepinephrine u_dinl ) sill 5 (o yiidd dalh -
triiodothyronine (T,) & thyroxine (T,) Gl <l sa el Aaglla -

Creatine & Creatinine ¢siib Sl g ot S |V
phosphocreatine JS& aall 5 &leall g Qliaxll & (8l S 2 g -
(4 320 3 U1 an g3 o)) Jsall 3 dgn ey - 1 all ol IV -
(gly, arg, met) AAS ¥ e aclilaal Jai, -

Gaba - y-aminobutyrate i s sisl W& A

decarboxylation JwsS & S ¢ 5w fr glutamate J<i -

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




OH

i # CH-CHy—NH—CHy

MH;
f7\|—CHz—éH—caaa HO

J\ ) OH

HO

Tyrosine | Epinephrine

tetrahydrobiopterin

; 0.
tyrosine T . henylethanolamine
5-adenosylhomocysteine P
hydroxylase < dihydrobiopterin ) N-methyltransferase

+H.0 S-adenosylmethionine
OH
|
Y 3 e CH—CH— NH
&
™ CH—CH—C00 HO
T b i o
HO/%) Norepinephrine
OH H,0
DOPA

DOPA decarhoxylase 2 dopamine p- hydroxylase

Cco,

ff\‘_CHz_CHE-MHE
e

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 
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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
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Phosphotungstic/phosphomolybdic acid Reduced form (blue) Protein (Tyr, Trp)
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Urea cycle: location and source of atoms

. H20 o .
Fumarate Arginine )K e Urea synthesis takes place
. HaN" - NHy mostly in the liver.
Urea
e One N atom of urea comes
Argininosuccinate Ornithine from ASp
A\ . v * One N atom comes from NH,*.
- cabamoyi | ® (One C atom comes from CO,
Aspartate Citrulline phosphate
R—NH, R NH; (red).
CYTOSOL MITOCHONDRIAL \O( e Ornithine acts as a carrier of
 a 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.

HC—NH;"

COO"
ornithine

O 4 Hzo
I N
HQN_C_NHZ

H,N NH.,"
urea 2 \c// 2
| 3
ITIH l 7
R 000"
arginine
T
fHZ CH
HC—NH;" |

O:C_NH2

H,N—C— OPO32_
carbamoyl
phosphate

1N A

Urea Cycle

i COO"
CO0~ fumarate

NH

CH,

| . .
(|:H2 citrulline

CH,

HC NH,t  CO0

COO_

ATP HC NH,
AMP + PP, a‘/_

COO_ COO'
aspartate
CH2
| H
HC|3—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) + o 2
[— _ -
H,N=C-HNCH,CH,CH,CHCO,” < H,N=C-HNCH,CO,

Glycine Ornithine

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

. Non-enzymatic
(Url ne) II\I Muscle) 2
CH,§ , NHPOs
Creatine kinase HZN:C'I}ICHZCOZ_

NH Muscle
+ | 2 ( CHj

H2N:C'I}ICH2CO 2_ 4 ADP

Creatine +P, _
CH ATP Phosphocreatine
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nucleotidase ) nucleotidase s nucleotidase Y nucleotidase
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Adenosine / \, Inosine Xanthosine Guanosine
.0 NE} P. purine P purine P purine
‘ . ET nucleoside Ny nucleoside F Ty nucleoside
Ribose-1-P -~| phosphorylase Rikina 1P | phosphorylase Ribosa: P «~| phosphorylase
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Uric acid



Xanthosine Degradation
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Representation of a simple

enzymatic reaction E+SSESSEPSE+P

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

O +
é AGs—)r’
o AGH
% pP—>s
ols T TTTNC 0 T T JAG'O
o 12 Neo_____ -
& |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

& 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

n =
K’ 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

(sisAjered ou) painbais 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

Go
09 4 (1) Stabilizes transition

2) @O “» (2) Expels water
9 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.

I

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

%
@&&%Qooc%o(%oc%
0606

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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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
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Enzyme Inhibition (Mechanism)

Inhibition by [/].
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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

 |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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