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Serological Kinetics of Adenylate Kinase 3 in Rat Acute Myocardial Infarction
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ABSTRACT

Background and Objectives : Currently used serological markers for the diagnosis of acute myocardial infarc-
tion differ in appearance time and specificity for myocardial infarction, allowing no ideal single serological
marker for myocardial infarction. Adenylate kinase (AK) is a ubiquitous enzyme which contributes to the
homeostasis of the cellular adenine nucleotides pool. AK is abundant in the myocardium, and we postulated
that AK3 could be used as a biochemical marker for the diagnosis of acute myocardial infarction (AMI).
Materials and Methods : We constructed an AMI rat model with ligation of the anterior descending artery.
We measured the concentration of serum AK3 in the AMI rat model by enhanced chemiluminescence (ECL)
sandwich ELISA using monoclonal antibodies against recombinant AK3. Results : The serum AKS3 level
started to increase in 3 hours and reached a peak at 6 hours after ligation of the rat coronary artery. The
significant elevation of AK3 was retained for 2 days (p<0.05). Conclusion : AK3 is a useful serological marker
for acute myocardial infarction in the rat. (Korean Circulation J 2004;34(3):288-295)
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Table 1. Time dependent serum adenylate kinase 3 levels in rat acute myocardial infarction

Time LCPS mean (£SE) AK3 ng/mL mean (%SE) N o)
0 1310.19 (£181.28) 0 10
Th 1228.45 (£ 94.94) —0.02 (£0.02) 10 0.756
3h 2466.33 (£304.91) 0.21 (£0.02) 10 0.01*
6h 2929.78 (£192.16) 0.29 (£0.06) 10 0.00
12h 2317.04 (£368.36) 0.18 (£0.07) 10 0.04
18h 2576.54 (£233.13) 0.23 (£0.04) 10 0.007*
24 h 1926.36 (£204.72) 0.11 (£0.04) 10 0.05
2d 2366.45 (£233.43) 0.19 (£0.04) 10 0.007*
3d 1176.73 (£350.64) —0.03 (£0.06) 8 0.718
4d 1581.22 (£174.37) 0.05 (£0.03) 8 0.359
5d 1011.74 (£139.63) —0.06 (£0.03) 8 0.228
7d 1098.02 (+189.38) —0.04 (£0.03) 8 0.442
9d 940.21 (£154.06) —0.07 (£0.03) 5 0.215
11d 1269.00 (£171.60) —0.01 (£0.03) 5 0.902
14d 1015.60 (£140.35) —0.06 (£0.03) 5 0.305
15d 1087.43 (£347.32) —0.04 (£0.06) 5 0.548
LCPS: luminescence counts per second, N: number of samples, AK3: adenylate kinase 3, SE: standard error. *: p<
0.05
g3tk 8000 -
7000 |
WA B NTHM DHO NI B AK3S| c000 |-
U YRS R AN F A e BT

of W2 &% AK39] FX% W3} Fol5 dolry| 913}
o] o}#fl¢} 70| enhanced chemiluminescence (ECL)
sandwich enzyme—linked immunoadsorbent assay
(ELISA) & 353tk

Aol AR AF e 2L vt 2tk Co-
ating buffer ; 0.05 M bicarbonate pH 9.6, blocking
buffer ; 0.5% casein in PBS, 0.02% sodium azide,
washing buffer ; 50 mM tris, 150 mM NaCl, 0.5 g/L
Tween—20, assay—buffer (pH 7.4) ; 50 mM tris,
150 mM NaCl, 20 uM diethylene triamine pen-
taacetic acid, 5mg/L tartrazine, 5 g/L BSA, % dilu-
tion buffer ; 0.1% BSA in PBST, stopping buffer ;
0.2 M H2S04.

Reactin—bind white opaque 96well microplate (Pi-
erce, IL) o] &2 SIB3—34% coating buffer®
g 557 10 ug/mlo] HEE 3]48ke] platecll
100 ul/well® #5=3t ¥, 4CollA 10A1ZF o1& RhE-
AZl}t. Washing buffer® Zt well& 3R A& s},
blocking bufferg 300 ul/well¥ #=8Fo] 37 CellA
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Fig. 1. Standard linearity-relationship between AK3 con-
centration and LCPS values from ECL sandwich ELISA.
The linearity coefficient (R2=0.9884) proved the good
linear relationship. AK3: adenylate kinase 3, ECL: enhan-
ced chemiluminescence, ELISA: enzyme-linked immu-
noadsorbent assay, LCPS: luminescence counts per se-
cond.

2417+ HES-A1Z1 % washing buffer® 200 ulL/well®
3 AlFEI s TFETAOE rAK3E vt
0, 0.125, 0.25, 0.5 ¥ 1 ng/mLo] H%EZ 2 WA
o] "HE o]gste] 2Alste] 242 100 uL 9} assays
buffer 150 uL&, B3 A4 A0] feg 9iAe] &
A% 100 uLE "R E assays buffer 150 uL9}
401, 250 uL/well¥ &E38to] 37°Cellxd 1AIRE HEgA]
Atk Washing buffer 2 200 uL/well® 39 Al&3}1,
biotin conjugated monoclonal antibody SJIB3—36 (0.2
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mg/mL)S 100 uL/well® 53+ 7], 37 CellA 123t
WES-AJAATE Washing buffer® 200 ul/well?) 33 A
23}t streptavidin—HRP 0.1 mg/mLE PBS buffer
Z 1:10,0002.Z 34slo] 100 ul/well® FF35)
37°CelA 1A ¥EAIFTE PBS buffer® 200 ul/
well® 59 |23t 5 supersignal—-ECL kit (Pierce,
IL) reagent A%} BE 1:12 41> 9 1:10 34&=
PBSS} 81498 H, 200 ul/well¥ #5319t} “d=2-elA
1+ &3 HSAIZL H, 53 oJulell Micro—beta Trilux
1450 Luminescence detector (Wallac, Finland) 2 5
Z7+9] luminescence counts per second (LCPS)Z
273k 2549 LCPS#LE standard curve® 3f
o ATAM Ao AK3FEES FAksISich

% 104709] &% A thst Enhanced chemilu-
minescence sandwich ELISAE Al&jslo] 3 AK3
o] T Z7g3odtk 24 sham group Alo]9] AK3
o TPl GV el A o wEE
R ]| zero point® X Aske] (BN
STt rAK3 Bold 9EE FAE o]&-3 Sandwitch
ELISA®] ¥F A=S $Istod, LCPS value 9} rAK3-§
S0 AIHdE AR A3 A3l 0.9889] g &
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WAlol 7 A, 24 ZH2+] mitochondrial frac-
tion WA FHFo] 50 ugHo| HEF A71Y¥F ¢ &
transfer® membrane®] HRP—conjugate® anti—
rAK3 ©E& A (SIB3-38) & o]g3lto] wiAe] 7+
7ke] z2oA AK3E ERIsISITHFig. 3).
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3 sk Az TRlskE 7} 1000 x g, 53t
A FEste] e s wEst F, 4TS 3500 X g,
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Fig. 2. Time-dependent AK3 releasing pattern from rat acute myocardial infarction model. Each points were mean=+

SE. = the p-values of =0.05. SE: standard error.
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FHlE WMol 7k A, 24T ZHE] mitochond-
rial fractionS 1 :10, 1:50, 1:100, 1 :200, 1:
400 3A4&= PBSOl Mslgla, #F iR 2
mg/mL BSAE 0, 31.25, 62.5, 125, 250 ug/mLE
HEIITE AlRe] ol ek BCA assays kit
(Pierce, IL)E ©]&3}] 96 well microtiter plate®]
B @Ay gaE 228 mitochondrial fraction
S 25 ul/well® 2531901, Reagent A9} BZ 50 :
1% 418 ¥, 200 uL/well®¥ B3 30%1F 501 & ot
+, 37CelM 3083t §E3AIRL F, ELISA reader (EL—
312e, Bio—Tec, V)& 570 nmellH 9] 455 =
ato] dhulzls Aesigl

W] 7k A Z22] mitochondrial fractions
o] gzl kako] 50 ugo] ¥ %= 2 X Laemmli buffer
9F1:1% 233 5, 12% SDS—PAGE (16 mA, con-
stant current) & H719% @Ik H719% %5 poly-
vinylidene fluoride membrane®| tris—glycine (20%
MeOH) buffer@ 70 V, 4CollA 2417k 59 Ao|A]A
o}, @lo] Ho)® membranes 5% non—fat milk
= blockingAlZ! ¥, horseradish peroxide (HRP) con-
jugate® anti—rAK3 ©EE A2 pg/ml) e} 37T
ol 1AIZF WEGAIRN H, F38] AlAsisick HRP) &
W22 Western—Blot ECL plus kit (Amersham,

Buckinghamshire, UK) & ¢]g3}4] 583F HESAIZ] H,
ECL%- filmell :=ZA1ch wlg] 924 protein marker
(NEB, MA) &] #2153} o]5A2]2] semi—log graph
£ 24510 recombinant AK39} ®A] AK39] ¥4} A
715 S48t Fig. 10).

Rz Afe|

Mean, standard deviation (SD), standard error (SE)
o] Az A 2= Microsoft EXCEL 97 software (Mi-
crosoft) & o]&3t] 2234911, independent sample
t—testi= SPSS software version 10.0(SPSS Inc.,
Chicago, IL) & AM3IAT
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T AAEA kT A s & EF AKS sEE
3A17F % 0.21£0.02 ng/mLE Z7Feb7] A&ste] 64
7+ 3 0.29+0.06 ng/mLE HIAE Ho|i 4847
(0.192£0.04 ng/mL) 7] Frel8kAl “d5=thH(p<0.05).
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Fig. 3. Detection of AK3 in rat tissues by Western-Bloft. Fifty micrograms of each mitochondrial fraction proteins were
analysed and AK3 was detected by SJB3-38 mAb. AK3 detection was made with protein A affinity purified SJB3-38
mAb (A) or with rAK3-affinity purified SJB3-38 (B). In (C), standard curve for the determination of molecular weight of
a protein by the linearity-relationships between protein M.W. and its electrophoretic mobility on SDS-PAGE. The
calculated M.W. of human rAK3 was 29.45 kDa (24.5 mm) and that of rat AK3 was 28.17 kDa (25.7 mm). (A) lane 1:
rAK3 (50 ng), lane 2: liver, lane 3: heart, lane 4: skeletal muscle. (B) lane 1: liver, lane 2: heart, lane 3: skeletal muscle,
lane 4:rAK3 (50 ng) . AK3: adenylate kinase 3, SDS-PAGE: sodium dodecyl! sulfate-polyacrylamide gel electrophoresis.
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TP AK3 oI

22 FAle A wt oFgke niSelA W
2}Q1 Al whe-o] S AFE B R protein A affinityol] 23l
A8 49 (Fig. 3A) 2} rAK3 affinity chromatogra-
phyel 93] At 4$-(Fig. 3B) 9] F 74 A4&5 &
5 AABISITE Recombinant human AK3¢} ¥4 AK3
o] Bxjeke 747k 29.45, 28.17 kDadS Exlalgict
(Fig. 3A). ™A AK3+= human AK39] 799} vizr}h
A7 7k} ] EA8kaL(Fig. 3A lane 2, lane 3 &
Fig. 3B lane 1, lane 2), &2(Fig. 3A lane 4, &
Fig. 3B lane 3)¢lli= &4 S5 gRlesict. o
Ae A 1 AE BCAY R A & il 5%
7} 12.6 mg/mLe]2 31, positive control?l rAK3 (50
ng) 2] band intensityE Labworks Image & Analy-
sis software (UVP, Cambrige, U.K) 2 #4131 Av}=z
Hlws] £ o, thek 1/3 A=Y intensity S 7 2=, W]
A Aol A 428.4 ng AK3/g heartd] 55 2= A
o= F4Hck
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>

W] FAATAN o] P AKS HLhl A
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ARk A2 MR Xi= Troponin Ti= 6A17F o] %
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tine kinase= 6A17te] W&ste] 24117kl o= 7t
2814 lactic dehyrogenaset 744 Fof] §-2]3k 2}o]
2 wolx| opohrt!® 7-e mElel A myoglobin 41T
AR % 303l Bak] AlFkete] 2417F 30 ol A
o asignt!” ol53) nwd w AK3: AT
732 3 myoglobin HUt= 57 571849} creatine
kinase, troponin THU= Z7]e) 78t} x]&7]3t
= myoglobin, creatine kinase®.t} B 23 *|&y]
™ troponin T¢H= FAFSHC)
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£ AFg3lo] ELISA assays® Fasl2Z 94 AK3
2.68 ng/mLAE7} WA 2] Felx] gl 7hsst F o)
AK3 sxe}t & ¢ gt} o]l ATtellME A 4
S W7t AE Thsetes A 2719 143 ER

FEHSCE weha] #ER1E = Qe AK39] o= gi=f
0.67 ng/mLE Fg %} Fig. 204 2A17H45E 29 A}
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= 3ick

o] ArofA] WAl 9] goﬂoﬂ Tr%% K39 k& ot
2 AZAM ABRTF G W ok w2 Ao
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A7 human AK3® fest 210 % WX AK3el| ¢
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el EAsE o 94 218 Aol 1ha kel gt 9
A WEg-oll F2aljof allck

2 AFow soly nkel o] WA AK39 24 &
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homology 5 AU=2 2 A48 SEwazy Wi
o] AR EFsithal Al etk

Adenylate kinase: 1973 Bernstein 5ol 23
A A DA el T8k 2l HalEo] 4
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