43 53 W) TR E OB K % o W Vol. 43 No. 3
202546 H JOURNAL OF GUANGDONG MEDICAL UNIVERSITY Jun. 2025 256

F1IDH2 K280 ZEt L & HF R IEMENHIZEE ELEE

TR EEA I, A EE L, EREY A EY ke R 2, AR R RS,
Rl

L RERRSEE ARG, | /R IR 5E 523808

2 RBERNEEEYM S 0 T AU T AR T 524023

3 TARERNR S Z NS B BTSN P S S, AR T 524023

4. T RBERIR RS G, AR RN 524023

5.0 R EERN R 2B B BE NI BRI 58 T, | AR TR 524000

W OE. Be RSB R I AU 2 (IDH2 ) 55 280 7 i 2 iR 7k 3 (K280) £ B AL A& M By 1A , 146
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Abstract: Objective To prepare antibodies that specifically recognizing the acetylation modification at lysine 280
(K280) of isocitrate dehydrogenase 2(IDH2), facilitating the detection of IDH2 acetylation at this site. Methods
Bioinformatics analysis was performed on the physicochemical properties, transmembrane structure, signal peptide,
protein structure and acetylation sites of the IDH2 protein using online databases. Three peptides containing the lysine

residue at position 280 were synthesized based on the amino acid sequence of IDH2, and two of these peptides were
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acetylated at the K280 site. Subsequently, these two acetylated peptides were conjugated to keyhole limpet hemocyanin
(KLH) and used to immunize rabbits, aiming to generate antibodies specifically recognizing the acetylated modification
at K280 of IDH2. The antibody titer and specificity were evaluated by ELISA, Dot blot, Western blot and
immunohistochemistry. Results  The results of bioinformatics analysis revealed significant differences in
physicochemical properties between the IDH2 protein with acetylation modification at position K280 and its non-
acetylated counterpart, including molecular weight, theoretical isoelectric point (pl), total number of positively charged
residues, instability index, and hydrophobicity. The predictive analysis of the tertiary structure revealed slight differences
in the geometric configuration and side chain lengths between acetylated and non-acetylated mutants of IDH2 at
position 280. Antibodies were successfully generated by immunizing rabbits with two synthesized acetylated
polypeptides and one non-acetylated polypeptide. The antibody titers of the immune sera, as determined by ELISA, were
1:1458x10° 1:1 458x10°, and 1:54x10°respectively. The titer of the antibody specific to the IDH2 K280 acetylation
modification was 27 times higher for the acetylated polypeptide compared to the non-acetylated polypeptide. The
hybridization signal intensity of this antibody for recognizing the IDH2 K280 acetylated polypeptide was 20 times higher
compared to its recognition of the non-acetylated polypeptide, which suggested that the IDH2 acetylation antibody
specifically recognized the IDH2 K280 acetylation modification site. Conclusion
that IDH2 K280 acetylation modification affects the structure of IDH2 protein. The prepared IDH2 K280 acetylation
antibody specifically recognizes the IDH2 K280 acetylation modification, which provides a basis for further

Bioinformatic analysis suggested

o [ %71

investigation of the mechanism of IDH2 acetylation.

Key words: IDH2; acetylation; lung adenocarcinoma; antibody specificity; bioinformatics

il 355 VE A 4Bk O 9 2R R 6 T 38 d5 g A S 1
o2 — TV U A NS RE R Ml A A
T, A IS WibR 5P L SR BRI
BIL X F Bl 36 I R A 7 RO MR S & G
T SRR R M AU 2 (IDH2) %2 7 T 42 {6 1A
15926, 7E4N M AR b 47 SC B A €, B RE I A AL 57
PR IR B0 12, 7= 1 SR AR R o- R G R [R) B
R T Fe e T e A T 1 3 Ay 3 2 8 A e e
NRIENS R RUETR , T2 25 2R an i AR
P, A5G A A W e AR5 R i A= m D 2k A 2 fL B
FRE, AU 2H % W IDH2 2 3 76 A W 0 L i i
I S5 TR AE 56 280 6 220 1R 5% 2 (K280) L WAk
B 7K ) K R 2 AR A8 T e — o 8 P T
Bt ety o, g R A O BESE S AL B A0 1Ak
VEFR B AT A 1 2 TBE L 55 7% 2] JIRAE i # =
iR 1) -G FEMBE 0, 2R 45 £ Ak BB DA Ay 2
TR AR RER EEBRE B, S 5 EEA
& = IRIRIEER G BRI BN 17 R AR 8 7E N i &2
AR BRI IDH2 3 H R 2 BEAL AT fE7E 41
R R TR TR L S 5 PR s Sk 1A B AR
SO L AR L TR ABESY IDH2 K280 £,
o Ak A& M 1) EL 1R Ty Bl R HC A i i o 1 1 R ML ) L
HEEZ X SR, BHAEr X IDH2 K280 Z B &
T A 5 AT B = o R S ARG T T L e LUK W A A
HOIfEMLH . LT, AR SO THl 4 e s i 5
PEL IDH2 K280 Z Bt AL &M i ik . Z Pk A
1A B T48 7~ IDH2 K280 Z, ik Ak 46 4 76 48 ifg A= 3t
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ik A A AR ML, T L T A8 A JH A i R A
A kSRR A AL A S (R D P
fifk IDH2 1 A s 1Y) S A DG AR HIAL
il $2 2, n] Sy IT Kk AL T IDH2 £ B Ak I 42 B
TG YT R R IS AR

1 #M#EFFEE

1.1 &%

H, PAVE T K A8 DK-600A (1 —H Rl 22 A A
BR 7% 7 ) , HERAcell 240i GP CO, 40 iy &5 5% 4
(Thermo Fisher Scientific 28 &) ) , 1 4k B ¥k AX A 2R
TKAF- L K A% (52 [ Bio-Rad A Al ) -
1.2 =&KX A

M (Merck A w)) , R (1 i 22 se kA AL B
R AT B2 F] ), VR I e (b v 22 s bR AR AR 47 I
By A R R, B IR BE (Merck A ), 2 Ghnid
Pt (Thermo Fisher Scientific 22 7)) , H & iR ( IV
& i MAE AR R  A R AW .
13 SB7ix
1.3.1  AEWME B4 43 BT IDH2 K280 L BRL Ak 2
it Ak i X 51 A F ProtParam (https://web. expasy.
org/protparam/) 43 #1 IDH2 K280Q ( £ 280 13/ i 2 ik
GEAL F 4% 2 e i ) A IDH2 K280R (55 280 17 41 2 ik
AR KGR ) iy BALE T 2 (8] (4 DX 51 5 R 7E 4k
5 i TMHMM Server 43 81 IDH2 K280Q i1 IDH2
K280R 114 #5 i X ; F1| FH &4k & SignalP 43 #t IDH2
K280Q F1 IDH2 K280R {55 5 Ik U1 #I 43 #5 ; PSIPRED
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Workbench (ucl.ac.uk ) 7F £k % 33 221l IDH2 K280Q F11
IDH2 K280R 1) — 2 45 # &l 5 F] H] Swiss-Model
(https: //swissmodel.expasy.org/) [F] Y HEAR Il 55 7 XF
IDH2 K280Q 1 K280R 47 — g 25 ¥4 Tl , fr 15 31|
A A Y 3 — 2538 1k PyMOL (http : /www.pymol.org/)
G RAL TR 25 5500, DA /R 228 5 Y
2ER AL s IR R EE % phosphosite.org 43 HT IDH2 A
B B E IB MG (R 07 25

132 WIHAE B e KB MRS IDH2 & M
JKEE(S BT 2 443 & IDH2 K280 3 #i 24 R 177 5. 2
T Ak 6 4 1 22 ik (IDH2 K280 acPeptide 1 FI IDH2
K280 acPeptide 2) il 1 45 IDH2 K280 {1/ #fi & ik IF £
Ik Ak A& i i 22 K (Peptide3) , & 8 22 Ik 5 2R 17 R 3%
YTE T, Z MR AT B TR ER

133 ZHRMEE HGE 58 L #E & 1 (KLH) A
Sulfo-SMCC i st /iR A R G E T =l
THEAT 2 h TG AR R B AR SO 2 R R TR
MM E 4 CCHEE TR RENT , BT 56 UG A 21
WAL KLH IS BARAE T-80 °C. (IS #5 1: 19 1L
B8535 1L KLH 5 4 0 2 i 2 kiR &, T4 °C
BT o AT IR S 0L, AT 3R A5 22 JIK-KLH 1
B T e S S e S ey o 38 2o [ 2 19 PH P X6 B 22
JHC A BB 355 ) A 1AL 22 R A5 A

134 Fufs XS TR AL 2 1T
5 KLH fBIBCHERE . Kralifb )5 i 2 Ik LA BEER 7K
TR R JF S AR IR 1 1 B BR S. F
BT RUE K2R 245 AR AU R L P X 3 A7
Sy IAESS 1.21.28 .35 RS0t 1 WAL g s . E5
45 KA 30 mL ML, 7E55 50,65 .70 K43 4 YCR AR
421l 20 mL, 28 550 A PR R HC L R, A i O
ELISA SC 56 7 17 i 56 , 8 M FH 1 245 SR itk A7 4l A,
G2 )T AR BERNR A S S MR B2 S At o Gt
HESR5 : GDY1902056) .

1.3.5 Piikalife  #EH 10 mL protein A UK, H:
5 RFN PBS 2% thifs IR A T i P13 5, B S
S EBRER P A, fEAL ]S protein A SR ZE
PN ABEEERE TR 2 A4, 76 0 R P R AT N
TR ZARFRRE RS | Bk e T, VEAE 52 iU 10 4%
PRIV PBS 2% 0P i - A A o 3G i iE
i PE AR S AR ) EOF- i 4 19 protein A JZE BT A
PR AR R LA R I I Y S SRR 2
B B IS KR PBS 28 wh i T TR AE -, B
150 mmol/L H 2 & 2% i 547 e Mt , WA e It v O
A N ZE s O pH VR R O 7. Z &
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protein A ZlifbJ5 15 2 AR 21 1gG A 2 A dr nd e
JR 2 WOERZATAE |, £ — PR s 4 H ik, 28
Jo B AR B B A PTR A AR Y o N2
Brat b, BRI W, 25 BR AR 4 S M PR
%

13.6 PUiK 4 ¥ bi ik #E 17 ELISA . Dot blot,
Western blot Fl4 5 2H £k (THC) b FH & HIE . (1) ELISA
0+ F AR ASORR P A LI 50 ng 1Y 25 P S5 R
W, TE 4 CAM N AT R . WS BUH 50
ES 0 Bl BR A, ] 1< TBST ¥E7 3 ¥k, FE N A 1%
BSA HEA7Ef AL FE, T 37 °CHEF 1 h 5 F R BRI 3
Wo LA1:1000 MALhR , He HE 3 4500 HEA AR B Je
ABEFRH, 7 37 °CAHF FIEE 1.5 h, 25 VR 3 K.
A Z U F 45 min, eI 3 W5 N A TMB & 4
W, 372 5~10 min, ZJ5 ITA 1 mol/L B2 Z¢ 1k &k (1
JIE , 450 nm Ab 32U S BE A, o0 TH - (2) Dot blot K
W 4 S BT 22 K LA 1.4 .16 .64 ng A6 B 1
FEZ PVDF I FR 5, A S P 4 7 38 A
AbF B R 60 min, #%5 F TBST ¥ 10 min., Fifi
Ja AT — R L BHEI S 2 h, 22 TBST e 3 A
AL 1:10 000 1) —Heif AT 85 , 4 A 45 min,
PR TBST VU 3 UK, 5 Jm A S 8 A T I v
(3) Western blot: 1< 45 52 56 75 =K X 20 At 14 17 24 i LA
PERCR 1, R F BCA MLl B R B . BRI 12% 47
B, AL FRER N 20~40 pg, J5 L) 80 V R T HL K
30 min, F5 2L 120 VHLIK 1 h, ZJ5 L 120 V #4778
56150 min, £ FHEPACE AT 1 h, B S 2547 — B0
BHE® . HTBST P 30 minJ& , 47 P&
1 h, F /1 TBST BEi4% 45 min, 55 A K G T IR
AR . (4 THC K« e A 5 U0 v B TR R
63~65 °CHYIEFE HHiE 1 he BEE ARG T I~ &b
PR W R 2 Ik, BRI M R 5~ 10 min,
et FJC/K CBER 0 2 WK, B URIZ AL B (8] 24 5 min,
T 95% LR 2 K, R FE R IRIR I 5 min, Z )5
H 85% L BE¥Z i1 3 min, F Lk 75% L BEIR i1 3 min,
i FHZR K PRI 3 IR . 58 i B 20 BRI A T4
&5, 335 LT £ 30 min, SR )5 34T — i E H
W, Ve 3 W, BT U E 1 h, PRI IR X
VIR AT e oAb B, f o e S e T R T AR

2 #HR

2.1 IDH2 K280Q #= IDH2 K280R & & #j 4 1% &
oM
IDH2 K280Q 1 IDH2 K280R FFHAk I i W3 1,
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HorP AR TR S A (pl) P IE LRGSR IDH2 K280Q F1 IDH2 K280R 75 5 A % | Jf A
FERB (Arg+Lys) AFERE HKEYAEZER ., BB EEZERE. WK TR, IDH2 & H i g gk

%1 IDH2 K280Q HI IDH2 K280R Fi 1Lk it

AN o LTI EREE AT IE AT A AR AR .

: Higpl o SEEE BRI ROk
EAREA N Filt it p BH(Asp+Glu)  BEC(Arg+Lys) N VR ERA N W7 J 4k B K P4
IDH2 K280Q 50 909.24 8.80 53 60 29.96 77.26 -0.396
IDH2 K280R 50 937.29 8.89 53 61 30.06 77.26 -0.399

A
. DeepTMHMM-Most Likely Topology | Type: Globular DeepTMHMM-Most Likely Topology | Type : Globular
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o SR pIrEf = T AL

BE1 AYE B4 IDH2 K280Q 1 IDH2 K280R [ X 4l
A. IDH2 K280Q #1 IDH2 K280R #5525 4442k ; B. IDH2 K280Q Fl IDH2 K280R {5 5 ik ; C. IDH2 K280Q Fll IDH2 K280R 2} £5#4) .
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FH R o B2E B TS AR A TC RN il 3 A Gk
Ay 2H N . WA UL IDH2 K280 137 Z ik Ak A IE 2, 15k
TR — G S Mg 2 22 S, e B b S AR IR e — 4
LER A R A B 25 5 . Al Swiss-Model [A] Y
AT IDH2 K280Q 1 K280R HE4T = 44 25 # i ,
H: GMQE (Global Model Quality Estimation ) {E 43 5|
4 0.87 F110.88, HE3T 1, $& 7R T 44 i B 78 LA 4 5
P14 Joi o A A S 3 T I A4 45 ) T 008 A e Sz ke
IDH2 £ K280 {3/ 15 Z B AL FIE L BEALIR A T i B 52
ZEFRRAE . IDH2 K280Q 11 K280R ) = 2 45 #4 Tl
gE R 16 280 5 b, Q FlI R RASARAFAE 2
S, WL BN B LE TL AT B R B AE AR A 2
F(H2).

A

IDH2 K280R IDH2 K280R

2.2 IDH2 K280 ZEeftAs b 5475 % k&t

K B 2 43 M 7L IDH2 K280 1 ¥ 371 J2:
HYKTDFDKNKIWYEH (¥ 3),

HR 45 IDH2 Y B30 3 5% 1T T 2 4% L kA& M
141 B £ K %)) Peptide 1. Peptide 2 DA %z 1 £c3E1&
T () X6 HE 7 1) Peptide 3($62).

23 ZRKERIEEE

Peptide 1 2 fik #Y 2 05 75 JiT far [k 4 802.20,
Peptide 2 2 JIKAY JEIGAE T faf LE R 623.55, Peptide 3 22
JHR ) W S AT LG R 609.55, 3 4% JUR B il S ) 5 £ 11
PR L9 22 BITE 1< 1072, B8 e (K1 4) .

24 fiFELISA &%
FEAS A F B A BT, I s X 2 B Ak & i

280137 5 280 i 5

El2 IDH2 K280Q 5 IDH2 K280R = £} £% ¥4 () F i F%of Lt
A. IDH2 K280Q 5 IDH2 K280R = 245 #4 #iiill [4] ; B. IDH2 K280Q 5 IDH2 K280R = 2k 45 #4 % [t &1 , 5 £5, % IDH2 K280Q,

4369 IDH2 K280R .
80
70 . .
NSy TS
60 R Ak
= N4
aé 50 ZFEM
& H
X 40 . . Mt
o K280 i sl B9 B Je
@ 30 BRI A 2k
20
10
0
0 50 100 150 200 250 300 350 400 450
E 3 IDH2 LMWk 5
x2 ZIKEEE
Z KA R ESING]l MY AHXS 53 F Tt
Peptide 1 KTDFD-(acetyl ) K-NKIWYC AL 1 602.82
Peptide 2 CKHYKTDFD-(acetyl ) K-NKIW AR 1 868.14
Peptide 3 CKHYKTDFDKNKIW | Hipayd 1 826.10
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0 SE o] 805 70 | esos gono

300 500 700 900 110013001500 1 700 1900
o fef b (m/z)

% a5 1602.60 177620 190590

=~

100 62155

70 [M+3HI3HE

[Ms2HI2H+

28 93480
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3
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S Aar b (m/z)

@}
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50 [M+2H]2H+
[M+aHjaH+ 1360

AHXS 5 % (%)
3

33805
T

300

srasg | TeS 4140 103145 __ 117315 129385 140165 15635 157000 _178375,1872.751954
T T T T T T T T

500 700 900 1100130015001 7001900
Jofar b (m/z)
B4 FuiEm s
AL JREE T A6 I 45 5 5 B JIK B 2 J 1546 I 445 5 5 €. ik
B 3 s R 2t A

Peptide 1 Fil Peptide 2 [ Ay, . (H 2 3 5 T AE & i
Peptide-3 (£ 3) . TEM BEAGEL N 1:4x10°~1:16x10°,
LTRACZ IR Ausy o THIEA>1.0, 17 E 2 Bk AL 2 K
1 Aygg o TEL U S AR LA Ay 1E>1.0 7 S B A
F e BIA, i v % 2k Ak 22 R B R (B e R A 3%
T BAG B £ 1:16%10°,

2.5 IDH2 TEEALFARAE B

BEXE 3R 3 55 2 IR T 2 ik [ Anti-
acetyl-IDH2 (K280) Rabbit pAb]Abl Fl Ab3(F4),
HIT IDH2 Z A E A i i 5%
2.6 IDH2 T BEALAS 4 oY FL AR 45 1

Abl 5 Z Ak &1 Peptide 1 F1 Peptide 2 4541
R (e KA RO BT 43 51 h 101 458 < 10° Al
1:486x10°, 53N Peptide 3 455 RN 1:54 % 10°;
Ab3 5 Z Ak & 4fi Peptide 1 F1 Peptide 2 454 HIZL M
¥ 1:1 458 x10°, HAREM Peptide 3 4545 HIRLHT R
1:54 x 10°(F%5) . il % AU IDH2 Z e & i Y bt
AR5 IDH2 K280 £ Bk b 18 i 1 22 K i 30 A 2 18
SEE A Z BRI R 8 27 15
2.7 #HAK Dot blot 4

Abl 1 Ab3 X} IDH2 K280 acPeptide 1, IDH2
K280 acPeptide 2 L& i Peptide 3 fig I 2] (%) f
Ik &2 4 ng, WLIE 5, 0 IDH2 £ BEAb A& i ik 2
JIK ) 24 22 5 5 R U R 2 e AL 22 IR B RL M 1 20 £
5 ELISA Kl 28 Vs PriR s ih I 25 AW A o
2.8 Western blot #i T BEAL HLAR 69 BR P

Ab3 H AR TR0 P M 20 BE Ak 18 i IDH2 2 1
H AT 43 kDa B 3T (&1 6) , B B Ab3 Hrik a1
U5 e E i IDH2 2 H .
2.9 IDH2 T EALFAR 6 THC 547

Ab1 HURTE THC Kl vk S v E O 45 &
JE 1 < Tk A& 4 IDH2 28 1, 0 HAE /N BUE IR 2 21
rh IR SR ZL O G €, B M 22 ik 3 A S
o5, g o s RS T Abl 5 O mEAK IDH2 1)
FESEMHA EAE A (7).

F3 OREFEBASECT MG 1) ELISA fa 45 (A5, fH)
Peptide 1 Peptide 2 Peptide 3
i REAR R
R1 R2 R3 R1 R2 R3 R1 R2 R3
1:1x10° 1.825 1.580 1.717 1.559 1.577 1.694 1.273 1.163 1.812
1:4 x10° 1.742 1.449 1.365 1.345 1.248 1.398 0.631 0.560 1.355
1:16 x10° 0.969 0.894 0.778 0.738 0.746 0.797 0.243 0.232 0.727
1:64 x10° 0.305 0.287 0.248 0.338 0.192 0.245 0.060 0.054 0.215
1:256 x10° 0.049 0.031 0.035 0.084 0.013 0.133 -0.023 -0.026 0.015
R1.R2.R3 535l FR A A ARG R RBEMIHEA
&4 IDH2 ZHEALHUIALS

%> ZHK S

Abl Anti-acetyl-IDH2 (K280) Rabbit pAb ELISA/Dot blot/THC

Ab3 Anti-acetyl-IDH2 (K280) Rabbit pAb ELISA/Dot blot/Western blotting
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FS NEIFEBAEECT G2 ISP ELISA K25 4 (4,50 TH)
Abl ADb3
i A5 AL IDH2 1§280 IDH2 1§280 Peptide 3 IDH2 Kzso IDH2 IQSO Peptide 3
acPeptide 1 acPeptide 2 acPeptide 1 acPeptide 2

1:18 x10° 2.714 2.126 1.962 2.679 2.548 1.342

1:54 x10° 2.673 2.356 1.083 2.622 2.555 0.909

1:162 x10° 2.357 1.996 0.471 2.259 2.257 0.332

1:486 x10° 1.767 1.327 0.231 1.795 1.685 0.177

1:1458 x10° 0.952 0.594 0.108 0.954 0.858 0.070

1:4 474 x10° 0.465 0.269 0.132 0.473 0.383 0.079

e
Qi\b "\\e’eﬁ/ eQ&&e\ Q&\&”L 3 MR
S 3% %Qq,s @@2@ 3.1 IDH2 K280 ZEefe 5 & TEefe iy X 71
S R P O ARG R FHAELE W35 43 H7 T IDH2 K280 2. 1
R R R fL I IDH2 K280 % 2, Bk AL 0 B AL 1E I 85 55 4 |
tne B IK . " =G R IDH2 1 2,
4ng Ak B 57 A o AADLER 1 2 T A8 T 0 5 ot 2 1 5
16 ng AR AT A BE N | TR R AE T LR AT S Ik e 76 A5 BIR
AT (6] I 208 F1 A% 2 e e A2 254
64 ng REABLE, o R RN A I e 1) H e A B, SR AL
Abl Ab3 B S Al 30 R X A 9 AR AN RT3, i LI Ry
Bl5 ik Dot blot VAR T X 2 AL S A AL ARIIIEY . X T2,
Mrx10°  Marker  Ab3 Pk Ak P B, e PR A PR R AR RS R . X — R
2 ) 1 2 R FIORG U R A AL~ 25 b AR UM,
180 HOREATIEE A A AT A2 R I EE R o
e F T FRL A U0 T R 2 AL R T RE A [
22 TRFF T BT AR A B R PR R PP oA 3T
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