Ol A}
0o

2tSt(Clinical Chemistry)

Lecture 6. Enzyme-2, bilirubin

Prof. Choi Jeong Su

E-mail : guesschjs@korea.ac.kr

H.P : 010-6314-3910



mailto:guesschjs@korea.ac.kr

Lecture 6. Enzyme-2, bilirubin

B Gamma Glutamyl Transpeptidase (y-GTP)

- y-GTP= y-GlutamylpeptideE y-Glutamyl”?| 2} Peptide Chain2 2 7t=&5}5} 0
y-Glutamyl?| £ 048] Amino acidLt PeptideZ O|MA|7|&= HO|ga
- Zh HEA Eetur 2HEE g4

y-GTP

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

Pepude Bonds

Vﬁr\/{wr%

Glutamate Gysteme Glyclne




Lecture 6. Enzyme-2, bilirubin

B Gamma Glutamyl Transpeptidase (y-GTP) 578
- W E2tap 7EE S L0 0|8

- Ao HolECH 6~7H =10 S 5~770 &0 HelX]
N L-y-G-3-C-4-H
éxo_l I:Iél-I O”OWSkl Hﬁ-l %ﬂ-ﬂ GOIdberg Hﬁ-l (gXtamyl-carboxy—
hydroxyanilide)
Serum (y-GTP)
2z . . l | -
= ot 7| & + Glyeylglycine y-Glutamyl-Glycylglycine + 4 =
dd= + A9} — Color
StAd 7| Xl y-Glutamyl-p- y-Glutamy-- y-Glutamyl-p- A
238712 Nitroaniide Naphthylamide Nitroaniide L-y-G-3-C-4-H
HE= p-Nitroaniline B-Naphthylamine p-Nitroaniline 5-Am|22isdallcyllc
p- p-Xylenol
M A} Dimethylaminocinena NaNO, Sodium
Sulfamate :
maldehyde metaperiodate
Color Yellow Red Blue Blue
o 410nm 540nm 640nm 635nm
SEHA 0~50 Unit/L 0~43 Unit/L




Lecture 6. Enzyme-2, bilirubin

l Alkaline Phosphatase & Acid Phosphatase (ALP & ACP)

10} Phosphate”|2f Alcohols ‘d-d

OF

- O 2{7}X| Monophosphate EsterS 7t

@ ALP
-> JoloM Y 8 S A= T2 0N Fal, 20k= =0 = ef

-> ZF EFE A BA (ALP1, ALP2)

-> 2935, +F4Y, i XHE A7|0= ALPE 7t SCHSS 0 H4 (ALP3)
@ ACP

-> Y EH T ACPE 75%7}F 20| M, 25%= T &M 0|M el

-> W, 7k H[Z, AMEo| EXY

-> HAeF AT = BO| EXYSI0 8L AXN Ar&=7t

-> TEMAOM AKX T ¢

L—

ol




Lecture 6. Enzyme-2, bilirubin

B Alkaline Phosphatase & Acid Phosphatase (ALP & ACP) 5%

- ALPR} ACPE BH0| AHE L= U8 2 SYStL BHS pHEF CHECL}
SF ALP ACP
Z1™ pH pH 8~ 10 (pH 10.5) pH47 6

Bodansky & : B-Glycerophosphate
7|"  Bessey-Lowry & : Para-Nitrophenylphosphate
Kind-King & : Phenylphosphate

48 | Mg*2, Mn*2, Ca*?

@ Bodansky (Fisk-Subbarrow'#)

B-Glycerophosphate —2€rlUm(ALE ACP) | phosphate +Glycerol
Phosphate + Amm.Molybdate 5 Phosphomolybdate + ANSA — Molybdenum

@ Bessey-Lowry
o-Nitrophenylphosphate Serum(ALP_ ACP). p-Nitrophenol + NaOH (Yellow, 410nm)
® Kind-King H
Phenylphosphate Serum(ALP ACP). Phenol + 4-AAP (Red, 520nm)




Lecture 6. Enzyme-2, bilirubin

B Alkaline Phosphatase & Acid Phosphatase (ALP & ACP) 5%

Bodansky H Kind-King H
S8H _ Bessey-Lowry _
(Fisk-Subbarrow 'H 0| 2) (= Kind-Amstrong )
R ALP ACP ALP ACP ALP ACP
Phosphatase (ALP or ACP) Phosphatase (ALP or ACP) Phosphatase (ALP or ACP)
! | |
#2| | B-GP — Phosphate + Glycerol p-NP — Phosphate + p-Nitrophenol Phenyiphosphate — Phenol + Phosphate

Phosphate + Amm. molybdate + ANSA

— Blue Color

p-Nitrophenol + NaOH

— Yellow Color

Potassium fericyanide Z X S}H0f| A
Phenol + 4-AAP — Red Color

Z|& pH pH 8.6 pH 4.8 pH 10.5 pH 4.8 pH 10 pH 4.9
Buffer Babital Buffer (Veronal Buffer) Glycine Buffer Citrate Buffer Carbonate Buffer Citrate Buffer
7|& | B-Glycerolphosphate Para-Nitrophenylphosphate Phenylphosphate
v2 2%l | Phosphate Para-Nitrophenol Phenol
Aot Ammonium molybdate : 2 A8 | NaOH : AR 4-AAP : AT
ANSA : SHIF Potassium ferricyanide : At}
HES A7 37°C 60= 37°C 30& 37°C 15& 37°C 60=
SEM Blue Yellow Red
oy 620nm 410nm 520nm




Lecture 6. Enzyme-2, bilirubin
o R HIIGSAMe 28 L HI=
(+) &)
|G = Al ~ ALP AL
Supporting Media AP A2 ALP3 5 P6
(XI X )
ALP1 ALP2 ALP3 ALP4 ALP5 ALP6
_ ALP2 ALP3
S=EXIs A
AP SS=2 1 Alp1 | smoigmo | aoiEmo ALP4 ALP5 | ALP6
- FQHME | F=gEic
Protein2t H| Og,_l i‘l"Z a $IXl | a,” B X w BAX B BTy S
AE
= il & DI 2H(D2XF) | 2+ (Liver) (Bone) EHEF (Placenta) | (Intesti | 2t (IgG Z &)
ne)
THI AU A J} B%, Ok A
Q8 B & < 2xsgms| was)) oz = e
s ot B A B P 1=




Lecture 6. Enzyme-2, bilirubin

ey MIIYEA0 =22 U HI8
(+) | Globulin  (-)
&I|1F S Al Albumin al a2 B Y
Supporting
Media
(Xl XI AI) L
SH CHOA ol L S
ol o LDH1 LDH2 LDH3 D ¥
H4 :
IDHEZEA 23 LDH? LDH3 LDH4 LDH5
Subunitel B4 HHHH S HHHM & HHMM & HMMM & MMMM
ProteinDt Bl | AOUMIN 0Ty~ 91l o, B SR BTy SIXl |y~ 2 =0 UK
X & K 3 36 ~ 46% 03~ 32% 1~ 6% 0~ 5%
SAzIl | Mz oNER | A HED H.ouE.2se T SS0 o @A
A2 ssN "8 HZEA Moler SRR
= F DY 2
=Qn s x ObN Bl S
« 2EA B
R
ol &t S 2T (A 2O




Lecture 6. Enzyme-2, bilirubin

b R MIESHM 28 2 HIS
(+) Globulin (=)
|2 = Al Pre Albumin al a2 B Y
Supporting
Media
(Xl XI AMI)
B3 CholE ol o CK CK
1 2 3
bl BB MB MM
CK, (BBE) CK, (MBE) CKs (MME)
SEXI= A
cRegEs CK-BB (= CPK ) CK-MB (= CPK ) CK-MM (= GPKIII)

Pre—Albumin < X|

a,—Globulin I Xl

y—Globulin € X

a3 & CK-BB < 1% CK-MB < 5% CK-MM > 94%
S = 0| ol (412) e 2210
. . = CKOf Alsdle @2
e s OLME O | At SEEPE 2




Lecture 6. Enzyme-2, bilirubin

— B. Electrophoresis
Buffer-saturated strip Cellulose-acetate sheet
of filter paper ~__soakedwith buffer @ 1 52.58% =
Serum -
) sample =
U J k5
oy 5
=
=
m
i % 2.4-4.4%
Anod Cathod = :
node Electro. athode 6.1-10.1%
phoresis 8.5-14.5%
Staining Densitometry Lt
y / _r)
Cellulose-acetate sheet Albumins ©- €y - y-Globulins
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Lecture 6. Enzyme-2, bilirubin

Bl Cholinesterase (ChE)
- ChE&= CholinesterE Cholinel} Fatty acidZ 7t+&dlote 282

- I7_|-()-||A—| 'cZ!-éElD:' SIM L0 Albumin A SHA _Il- JEE)I'C'S:I 7} AlXI II-OH XIC}

H OO L o H ol

- Acetylcholinesterase(AChE), Pseudocholinesterase(SChE)

Hl Leucineaminopeptidase (LAP)
- LAP= NZEHO|| Leucine= #11 U= PeptideE ZTHO| A HELSE

- Hap g ey 2

o

rr

Bl Aldolase (ALD)




Lecture 6. Enzyme-2, bilirubin

EX g (HE) =24y kS JEH=H
5284 | HEE
LDH = LD Lactate Dehydrogenase oF M Ot
ICD Isocitric Dehydrogenase | 2t s & At
G—6-PD Glucose—-6-Phosphate D o) =
ehydrogenase
ASE BIRIS A N 7_ /§+O| _ |ditol Dehydrogenase
o s Ol Ats} , &2 ID = SDH _ -
(Oxidoreductase) | o o = ol = Sorbitol Dehydrogenase
HBD Hydroxybutyrate Dehydrogen Al R
ase
MAO Monoamine Oxidase Oiclet 2te
POD Peroxidase
Oxidase Oxidase
Catalase Catalase




Lecture 6. Enzyme-2, bilirubin

== S (& Z) o = A=A
B Glutamate Oxalacetate Transferase | &AIZ2EAH | 2HA St
GOT =AST |_ Aspartate Aminotransferase =2t
GpT = ALT | Clutamate Pyruvate Transferase oL &l 5
I = 7 = Alanine Aminotransferase
&Molga | (Radical) 2 _ _
(Transferase) ®0IE =| cpk = CK Creatine Phosphokinase ADZHM DSEs
iff = Creatine Kinase ’
AT Gamma Glutamyl Transferase 51 =l =}
¥-GT=y-GIP _ Gamma Glutamyl Transpeptidase | — = =
OCT Ornithine Carbamoy! Transferase WIE==PN;




Lecture 6. Enzyme-2, bilirubin

= H S (& 2) 150, 0l S NE=A
AMS Amylase = a—Amylase o4d FMHES
LPS Lipase =4 FES
MElAol MO|- e,
ACP Acid Phosphatase I@% | &0l
o _ ALP Alkaline Phosphatase =23 | 2tEE
A28 S A S ZFC’E)_ A_i_ 5 = - =
j(rl—ngrgTaSsRe) ;:g%—_an o 5-NT 5-Nucleotidase JEE HMY &=
y = LAP Leucine Aminopeptidase APIF=T=UN;
CHS Cholinesterase 2t33  oHEEE=2
Peptidase Peptidase
Urease Urease
Arginase Arginase
SEAs OlsZ2&-lt & Qo xS
. — - (- = = |_I-
(Lyase) M 3= gy AP =ALS  Aldolase ik
AAsteA A M3 8BS
OlSxler= 2,' _X“ 2 PHI Phosphohexose Isomerase
(Isomerase) 2 =0
Asta A ATP =ol0l 2ok =222 Fetts= S0
(Ligase)
SEEA DI &0l CHoll A2 22 S0484S JIKIXC g4 2= U2 S2MFREE XL S A CHoH
(Isoenzyme)




Lecture 6. Enzyme-2, bilirubin

2| 241 (Bilirubin)

- Bilirubin Hemoglobin2| CHAIAFE 2 M LRI A0 A - = Cf
- 2oteAaE Yol XS 7250 X2 A5ta A (Lipase)E &d A7l EE2
F=2dE T StLO|C}.
- 0]2{7}X| |92 Z Bilirubin?| E&
- Bilirubin2| EU0|Lt 2 & A HE2 V[

- Total Bilirubin = Indirect bilirubin + Direct bilirubin




Lecture 6. Enzyme-2, bilirubin

B Indirect bilirubin vs Direct biliruvin

ey Indirect Bilirubin Direct Bilirubin
Bilirubin + Diazo Al20| BFE0HAl 222 | Bilirubin + 20| EF Diazo Al2fnb A& Bl
oY 0|R = LEAIez Hel = B2, 5, A2 2.
A JE0| UCH =, =48 420] AUCE
= A= = Unconjugated Bilirubin = Conjugated Bilirubin
CtE 012 ) o oL ) )
= Protein Binding Form = Bilirubin Diglucuronide
Zol A INEERS =24
Diazo gt ARSI = AEHBZ
Albumin 1t - - - _
AP Lol H Z¢& Ot H Z &
=288 O
22X S2ld (Free Form) &4 (Bound Form)
B3R 0HE |2 EF A EE =
a= Z00 Al
(Bilirubin Powder Chloroform

Z0HAI)




Lecture 6. Enzyme-2, bilirubin

H 22| F4l Bilirubin)2| CHAIFY (MIZLHI| A -> ZHE=%AF ™ HE))

- RBC It1| -> Hb 8% -> Hb I}1| -> Heme + Globin -> Heme It1]|
-> Iron + Biliverdin -> Biliverdin 22l -> Bilirubin -> &% albumin1t 2t

-> Unconjugated bilirubin = Indirect bilirubin = Protein binding form

1. Beakdown of RBCs

thh

Haem
RBCs o |
© v

o EEEE oo
*\O Alb umin

Gy




Lecture 6. Enzyme-2, bilirubin

W 22|24 (Bilirubin)2| CHAILFE (2t AS )

- Unconjugated bilirubin + Glucuronic acid -> Conjugated bilirubin -> H&2 2 Hid

3. Conjugation

Sl

ﬁ' + Glucoronic acd

.

Conjugated billirub in

I_*

Excretionin Bile ‘

Gallb ladder

5. Stercobilinogen -
Excretion via faeces

2. Uptake into Liver

Direct bilirubin

Bilirubin Diglucuronide

7. Urobilinogen -
Excretionvia Kidney

6. Reabsorption of
Urobilinogen




Lecture 6. Enzyme-2, bilirubin

2| £ (Bilirubin)2| ALY (2t B7 &)
|

- 2T 2 = FH|El conjugated bilirubin2 F LA 2|3l Urobilinogen2 2 TE

- Urobilinogen?| 80~90%& Urobilin2 = 4t2tk|0] EHC = HiH
- Urobilinogen?| 10~20%& &O|A S50 CtA| ZHO|A bilirubin2 2 7T
- Ot =3 M2 ol A& ArME AN O1tE[0f Ao = HiZE

: dlrect/
il / biirubin
/




Lecture 6. Enzyme-2, bilirubin

B 22|24l (Bilirubin)S| tHAIIH (2 A8 )
/_ . o H
| Extravascular orintravascular hemolysis [ \
|
Mmﬁdhﬂhﬁn Urobilinogen —
K ) Blood “+ albumin \ / l
\all
Hepatic sinusoid =
| Unmnjug;rted bilirubin
transported with
ligandin or
Z protein
con to
Hepatocyte I|gl mﬂt;dadd
Conjuga:ed bilirubin
' Urnbilinngen.f
Biliary | *»‘J‘ 2 l
system . Portal vein
e Urobilinogen
urine
bacteri 10%
Conjugated bilirubin === yropilinogen Feces
Small intestine
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B 22| £ (Bilirubin)2] & AHX 9| 9]

SPN
1)Total Bilirubin : O~ Tmg/de@

XA
o

2)Indirect Bilirubin : 0.2 ~ 0.8mg/d@

3)Direct Bilirubin : 0.1 ~ 0.5mg/d?

, 1T GAHLE HXX[Z £}

al

o)

XM AL
oo

10mg/de 7t K| =
O] 15A "E =0l A g CIX|0f

J

E e
= otC

%

=
o

Ck7F M Aq o]

ol =)
ol H
= W
K0 1o
ot ol
WM =
Kl K|o 00
R Ko U 0
Klo g0 B X
g Ko w1 RO
S B 3 Mok
= My X0 Xr
= N ou Kb o
5 8 o2 U=
Sl 5y oom
QO 7 Kb & KB
0 ud - ud
Ho% 2%
= T 5O
NN
— o 0 s 7
Kl .
uf
<0 &
o
0fo =
o T M
X0 <
onl & X
Kk ur
N .- Kfo
Klo| o H0 g
| KRl o7
ETE
= Bl Z0 gl
= oo < &r
ol 2 =0
ol k7 X0 ¥
5| % @ ©
c SR 1] |__O
- —_ ._O_._._ -
N 3 D
_A_O 70 i
0 N K
=, o =
< I N
— o A




Lecture 6. Enzyme-2, bilirubin

B 2% (Jaundice)

- AL o] HEAMA (Bilirubin)Zl IHYE|0| A = REFESHO] L EHAMS K| = o4
- 2HEHO[ BF
1) 884 &2 (Hemolytic Jaundice) = Pre-hepatic Jaundice

| JtCF Tt 2 Indirect bilirubin ZtCF 44
2) ZHMIZEd &2 (Hepatocellular Jaundice) = Hepatic Jaundice
o| &4 2 Direct bilirubinO| @&F2 2 YEE[0| 57t
3) MMM =2 (Obstructive Jaundice) = Post-hepatic Jaundice
-> EFEJF H 4 &|Of BilirubinO| &L B S £5t0 HFE|0f 57t

v

2
gt
11
|O

v
~
2=
Hl
@)




Lecture 6. Enzyme-2, bilirubin

=

(Jaundice)

TYPE OF

JAUNDICE MAJOR CAUSE
A. Prehepatic .
* Red blood cell

Hemoglobin
O % c & t 5 c 3 =]
g it i s 0 i
B_Hirubin
B. Hepatic Cirrhosis
Viral
hepatitis
Drugs
Cirrhosis

Tumors

Gallstones
Cancer of
bile ducts

Carcinoma T
of ampulia Carcinoma of head

of Vater of pancreas




Lecture 6. Enzyme-2, bilirubin
mEE (Jaundlce

Jaundice [ Hemolysis

-%ﬂ

HH (Blood) K (Urine) CHEH (Stool)

D. In.

Bilirubin | Urobilinogen | Bilirubin | Urobilinogen | Bilirubin | Urobilinogen
Bilirubin | Bilirubin

29 et - M 0 0 - M - 0
ZEN =N ZhE M - M 0 M " - 1

Had 2 i - " - i - - -
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Lecture 6. Enzyme-2, bilirubin

B 2% (Jaundice)

LABORATORY INVESTIGATIONS IN TYPES OF JAUNDICE

URINE ELOOD
UNCONJUGATED CONJUGATED
UROBILINOGEN BILIRUBIN SR A ALT & AST GGT & ALP
NORMAL TRACE NIL N:0.2 — 1 mg/dl N:0 - 0.2 mg/dl NORMAL NORMAL
HEMOLYTIC
INCREASD NIL INCREASED N:0 - 0.2 mg/dl NORMAL NORMAL
JAUNDICE " e Hid
Mormal
OBSTRUCT. MARKED
JAUNDICE Decreased or absent PRESENT N:0 - 0.2 mg/dl INCREASED - or INCREASE
mild increase
HEPATOCEL. | Decreasedorabsent | .. .\ I AL MARKED Norm!
JAUNDICE INCREASED

mild increase
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Lecture 6. Lecture 6. Enzyme-2, bilirubin

H 224 Bilirubin)e| &3

- Bilirubin= S 810 2|35l 4t=tE[0] BiliverdinO| & 7|I{=Z0f &

R0l A 225 OF otCt

= Malloy-Evelyn Jendrassik-Grof

Michaelsson

— o _ Bilirubin + Diazo A|2f + Fehling
£ Bilirubin + Diazo A|2f + MEOH

S| 28l | - Azobilirubin (Pink)

+ Caffein + Ascorbic acid
— Azobilirubin (Blue)

o

Bilirubin + Diazo A|2F + Fehling
+ Diphylline + Ascorbic acid

— Azobilirubin (Blue)

g Bilirubin + Diazo A|2f + Fehling
SES Bilirubin + Diazo A|2f
=
=2

2l | — Azobilirubin (Pink)

+ Ascorbic acid

— Azobilirubin (Blue)

Bilirubin + Diazo A|f + Fehling
+ Ascorbic acid

— Azobilirubin (Blue)

- Diazo A|SF
@ A Al : Sulfonilic acid + HC
@ B Al : Sodium nitrite (NaNO,)
- K| 28l Al

-> Methanol, Caffein, Diphyline
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