lAF tsk(Clinical Chemistry)
Lecture 9. Enzyme
Prof. Choi Jeong Su

E-mail : guesschjs@korea.ac.kr
H.P : 010-6314-3910



mailto:guesschjs@korea.ac.kr

Lecture 9. Enzyme
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Lecture 9. Enzyme

H 22 (Enzyme)
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Lecture 9. Enzyme
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Lecture 9. Enzyme

H 22 (Enzyme)
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Lecture 9. Enzyme

H 22 (Enzyme)
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Lecture 9. Enzyme

H 22 (Enzyme)
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Lecture 9. Enzyme

H 22 (Enzyme)Q| Al EX 25 (Enzyme Code)

@ AtstzllE A (Oxidoreductase)
- & 7|1E ARO[ Azt 2HRIBHE =0 (LDH=LD, G6PD, GOD, POD)
@ HOo|g A (Transferase)

- 71&7|e] MO|& =0l (GOT=AST, GPT=ALT, CPK=CK, r-GT=r-GTP)
@ 7tr=oi& A (Hydrolase)
- otet=9| 7H=2dE =0l (AMS, LPS, ACP, ALP)
@ E5lla A (Lyase)
- 7h2 ol et 4t2} 0]2lof Crefet olstATlE B+ A= =0 (ALD=ALS)
® 0| dzta A (Isomerase)
- MolstM xR0l I HHE S =0 (PHI=PhosphoHexose Isomerase)
® g2 A (Ligase)
- ATP 230 ofsf & 2Ho| FBEHSS H0)




Lecture 9. Enzyme
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Lecture 9. Enzyme
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Lecture 9. Enzyme

B =22%80 3

00t

o =L
= = 29

® 229 5% (Enzyme Concentration)
- 240 SO Mt B S5 2= St
® Activatore| S 2

i= Aoflot= Mol 77

- B7dE M5 A| (Competitive inhibitor)

[0
2 P
_Lo_
0%
|0

x ZAO| TMEOI 7|} ARMEMOE ASISIO 2 A HE

oT

l

- H{ AW A XSl A| (Noncompetitive inhibitor)

* mA0| BAEHE HBA|F 7|HO| A 4 9f
|
o

- mao B2 HO|Y| ) T 27| £ 7




Lecture 9. Enzyme

H SAZXE0 da2 F= 29l-Inhibitor

Enzyme Inhibitors

+  Competitive inhibitors bind to the active site of an enzyme, competing with the substrate

+  Noncompetitive inhibitors bind to another part of an enzyme, causingthe enzyme to change shape
and making the active site less effective

+  Examples of inhibitors include toxins, poisons, pesticides, and antibiotics

Substrate

Active site .
Competitive
inhibitor

Enzyme

Noncompetitive inhibitor

(a) Normal binding (b) Competitive inhibition (c) Noncompetitive inhibition




Lecture 9. Enzyme

B =22X80 3
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Lecture 9. Enzyme

H cAXE0 da2 == 29l - Cofactor

Conjugated Enzyme Structure
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Lecture 9. Enzyme

B Lactic Dehydrogenase (LDH, LD)

pH 8.8~9.8
L-Lactate + NAD* ¢ > Pyruvate + NADH + H*
pH 7.4~7.8
MHIS oHIS
O L-O 1 L- O
(Lactic acid — Pyruvic acid) (Pyruvic acid — Lactic acid)
x| ™ pH pH 8.8~ 9.8 (pH 9.5) pH7.47 7.8 (pH 6.0 8.5)
7| & Lactic acid Pyruvic acid
HXESA NAD NADH




Lecture 9. Enzyme

LDH?2
M Lactic Dehydrogenase (LDH, LD) LDHI “

- LDHE 27H2] Subunitol . i
NEHHE), BHIYMY)

LDH3
o= o|20{7l 42 b \

- AR
R d -
-> 200~400 Unit/L LDH4 LDHS

-> Aot > Aol

-> =8 Al S219| OF 28

144] 0|5 Holx] / \/ \j

Isoenzyme LDH, LDH, LDH, LDH, LDHg
Subunit HHHHZ HHHMY HHMMY HMMMY MMMMY
A 21~ 33% 36~ 46% 237 32% 17 6% 0~ 5%
QAFY | NEY, HEP | NE, HEP o HE A4 9, 5%, Ee | 7, 2732

ChEils ggd 2% | B ol =37
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Lecture 9. Enzyme

H Lactic Dehydrogenase (LDH, LD) =%

- UVH

@ Wacker! (HHt& 0| & : Lactic acid — Pyruvic acid)

L-Lactate + NAD™
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L-Lactate + NAD*




Lecture 9. Enzyme

B Lactic Dehydrogenase (LDH, LD) &%

- H[ A &
@ Babson® (HHEFE 0| & : Lactic acid — Pyruvic acid)

L-Lactate + NAD* Serum(LDH) | Ppyruvate + NADH + H*

NADH + Tetrazolium, PMS HC

Formazan (Red, 570nm)

@ Kingd (H8hg 0| : Lactic acid — Pyruvic acid)
L-Lactate + NAD* Serum(LDH) Pyruvate + NADH + H*
Pyruvic acid + 2,4 DNPH NaOH . Hydrazone (Brown, 500nm)

3 Cabaud-Wroblewskitd (H8t-g O|& : Pyruvic acid — Lactic acid)
Pyruvate + NADH + H* serum(LDH) L-Lactate + NAD*
=2 Pyruvate + 2,4 DNPH NaOH Hydrazone (Brown, 500nm)

7z




Lecture 9. Enzyme

B Creatine Kinase (CK, Creatine phosphokinase=CPK)

Ik

1t Creatine PhosphateQ| Q147 £

XN E7fot= 72)

Vv

Creatine-P + ADP

XMHIS
O L- O

(Creatine — Creatine-P)

oHIS
- (@)

—

(Creatine-P — Creatine)

%™ pH pH 8~ 9 (pH 9.0) pH6 ™ 7 (pH 7.4)
7|1& Creatine Creatine Phosphate
HXSA ATP ADP




Lecture 9. Enzyme

B Creatine Kinase (CK, Creatine phosphokinase=CPK)
- CK= 2742] Subunit®l
L|SHBY), 242 M)

S O|F018l 28|
—
- 8K
-> & 25~130 Unit/L
—

-> @ 20~120 Unit/L
CK-BB

CK-MB

CK-MM

Isoenzyme CK-BB (=CPK |') CK-MB (= CPKIII) CK-MM (= CPKIII)
SPASN CK-BB < 1% CK-MB < 5% CK-MM > 94%
e 5| (A1) A2 z#Az
oy OLYTY , 2y ek 5 Ot 458te BE A




Lecture 9. Enzyme

H Creatine Kinase (CK, Creatine phosphokinase=CPK) &£

- UVHE (9Ers 0|& : Cr-P — ()

@ Rosalkit
Creatine-P + ADP Serum(CK) | Creatine + ATP
ATP + Glucose Hexokinase G-6-P + ADP
G-6-P + NADP G6PD > 6-Phosphoglunate + NADPH

* 340nm0| Al NADPH 712 54

- HIAME (ZerE 0|8 : Cr — Cr-P)
@ Nuttal-WedinH
Creatine + ATP serum(CK) Creatine-P + ADP
ADP + PhosPhoenolpyruvate ___PyruvateKinase . pyryvate + ATP
Pyruvic acid + 2,4 DNPH NaOH Hydrazone (Brown, 500nm)




Lecture 9. Enzyme

l Aspartate Aminotransferase & Alanine Aminotransferase (AST & ALT)

- Amino acid(Aspartate, Alanine)2} Keto acid(ketoglutarate) AfO| Amino”Z| MO|g A

- AST = GOT (Glutamic Oxaloacetic Transaminase)
AST = GOT

-> Aspartate + a-Ketoglutarate < 2 Glutamate + Oxaloacetate
o o
] o] HO a o HO
HDW\E‘H + °o HGWQH + NH,
NH
o} o o
HO HO
Gilutamate Oxaloacetate a=Keloslutarale Aspartate

- ALT = GPT (Glutamic Pyruvic Transaminase)

-> Alanine + a-Ketoglutarate ALT = GPT Glutamate + Oxaloacetate

H,C
e tr 3 o o HsC
+ 8]
HO OH e + NH;
HO HO oH T o
N"':. ﬂ 4

Gilutamate Pyruvate o-Ketoglutarate Alaninge




Lecture 9. Enzyme

l Aspartate Aminotransferase & Alanine Aminotransferase (AST & ALT)

- AST, ALT= &, tH0f| BO| =
Enzyme AST ALT
XMHIS 3[%=1 XMHIS HHIS
B pH 7.4 pH 8.0~8.5 pH 7.4 pH 8.0~8.5
7| & Aspartate, a-Ketoglutarate Alanine, a-Ketoglutarate
Famy bR A2 ZHEE, AaE
H| 1 MM AST > ALT ZEESE: AST < ALT
- A

-> AST : 13~40 IU/L
-> ALT : 7~40 IU/L




Lecture 9. Enzyme

l Aspartate Aminotransferase & Alanine Aminotransferase (AST & ALT) &%

- UVH (Karmen &)
@ AST (GOT)
Aspartate + a-Ketoglutarate S€rTUM(AST) | Glutamate + Oxaloacetate
Oxaloacetate + NADH _MalateDehydrogenase(MDH), njalate + NAD*

* 340nmOj|A{ NADHO| ZtAZFS =X

@ ALT (GPT)
Alanine + a-Ketoglutarate —2€TUMALT) . Glytamate + Pyruvate
Pyruvate + NADH LactateDehydrogenase(LDH) . Malate + NAD*

* 340nmOj| Al NADHO| ZtA S =X




Lecture 9. Enzyme

l Aspartate Aminotransferase & Alanine Aminotransferase (AST & ALT) &%

- H| A H (Reitman-FrankelH)
@ AST (GOT)
Aspartate + a-Ketoglutarate S€rTUM(AST) | Glutamate + Oxaloacetate
Oxaloacetate + 2,4 DNPH NaOH Hydrazone (Brown, 500nm)

@ ALT (GPT)
Alanine + o-Ketoglutarate —2€TUM(ALT) . Glytamate + Pyruvate
Pyruvate + 2,4 DNPH NaOH Hydrazone (Brown, 500nm)




Lecture 9. Enzyme

B Gamma Glutamyl Transpeptidase (y-GTP)

- V-GTP& y-GlutamylpeptideE y-Glutamyl”| 2} Peptide Chain@ £ 7t+=&35}|5} 0
y-GlutamylZ| & O 2{ Amino acidL} PeptideZ O|MA|7|= TO|g2A
-7 EhE 2 Ahn BEE sa

y-GTP

Glutathione + Amino acid v-glutamyl-peptide + L- cysteinylglycine

Pepude Bonds

Vﬁr\/{wr%

Glutamate Gysteme Glyclne




Lecture 9. Enzyme

B Gamma Glutamyl Transpeptidase (y-GTP) 57

- &=t ZFESE 20 0|8
- AAor7E JRIELE 6~7H &1 Fd 5~7/HE0 J K]
______ b |
4 Orlowski & LS Goldberg Ly Go?i 34: 712
o Hd
Serum (y-GTP)
olg| . i |
= ot 7|& + Glycylglycine y-Glutamyl-Glycylglycine + 4/ H =
MEE + HMA| — Color
S p—— y-Glutamyl-p- y-Glutamyl-3- y-Glutamyl-p- PP
23712 Nitroaniide Naphthylamide Nitroaniiice L-y-G-3-C-4-H
5-Aminosalicylic
M= p-Nitroaniline B-Naphthylamine p-Nitroaniline acid
p-Xylenol
p- .
: . NaNO Sodium
X AH A| OF 2
SAAS Dimethylaminocinena Sulfamate metaperiodate
maldehyde
Color Yellow Red Blue Blue
IS, 410nm 540nm 640nm 640nm
AKX 0~50 Unit/L 0~43 Unit/L




Lecture 9. Enzyme

l Alkaline Phosphatase & Acid Phosphatase (ALP & ACP)

- 0§ 27t X| Monophosphate EsterE 7}==5lct3 Phosphate?|2} AlcoholZ 2474
@ ALP

> MolojM HA BH 5 ALPE T2 Zto|M |2, A0ks B4 R
> BE R0 EXoe ol BNFNOE st YOI LR A

-> 7h BHEA 2

-> S0, R4, i T A|7|0= ALPS 7t 0SS0 E4 (ALP3)
@ ACP

-> Ho ™ T ACP= 75%7F 710 A, 25%= T E MO0 Fef

-> i, Zh H|ZE, AEO| EX)

-> Mot A0 ROl EXSIH 8L AN AHE=7t

-> TEHMAUAM 2X T St




Lecture 9. Enzyme

H Alkaline Phosphatase & Acid Phosphatase (ALP & ACP) =™

- ALPRF ACP= SO AR E[= B8 2 S YotLt B8 pHEE CH=LC}
== ALP ACP
%™ pH pH 8 ~ 10 (pH 10.5) pH4~ 6

Bodansky & : B-Glycerophosphate
7|4 Bessey-Lowry 2 : Para-Nitrophenylphosphate
Kind-King ¥ : Phenylphosphate

=F  Mgt?, Mn*t?, Cat?

@ Bodansky (Fisk-Subbarrow'#)

B-Glycerophosphate —S€UM(ALP, ACP) | phosphate +Glycerol
Phosphate + Amm.Molybdate 5 Phosphomolybdate + ANSA — s Molybdenum

@ Bessey-LowryH
p-Nitrophenylphosphate Serum(ALP. ACP). p-Nitrophenol + NaOH (Yellow, 410nm)
@ Kind-King
Phenylphosphate Serum(ALP_ACP). Phenol + 4-AAP (Red, 520nm)




Lecture 9. Enzyme

B Cholinesterase (ChE)
- ChE= CholinesterE Cholinel} Fatty acid2 7t+&9dlol= a2

- Lo N gtds2 Albumin gt dd W, 2F A2 H

o

i ®ICt

| I

- Acetylcholinesterase(AChE), Pseudocholinesterase(SChE)

l Leucineaminopeptidase (LAP)

- LAP= NZCHY| Leucine2 -1 Q= PeptideE HEHO A HESIE 24




