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The Production, Removal and Function

of Lysine 2-Hydroxyisobutyrylation Modification

FENG Jin, ZHANG Shuo, WAN Fang*
(College of Life Sciences, Inner Mongolia Agricultural University, Hohhot 010010, China)

Abstract  Khib (lysine 2-hydroxyisobutyrylation), discovered in recent years, is a post-translational modifica-
tion with distinct structural and functional differences from the well-studied lysine acetylation. Recent mass spectrom-
etry identification and quantification studies have shown that both histone and non-histone proteins can undergo Khib
modification. However, there is currently a lack of comprehensive review summarizing the origins and functions of
Khib modification. This article summarizes the discovery and sources of Khib, provides a systematic overview of the
enzymes involved in the addition and removal of this modification (Writers, Erasers), and highlights proteins affected
by Khib modification. The article discusses the relevance of Khib modifications on histone and non-histone proteins to
aspects such as gene transcription regulation, protein translation, folding and degradation, influencing cell migration,

and regulating metabolic enzyme functions. Additionally, by summarizing the Khib-modified protein sites reported
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in the literature and conducting motif analysis, a significant motif feature xxKxK is discovered. Pathway enrichment

analysis of proteins with Khib modification reported in the literature reveals all aspects of the protein life cycle, in-

cluding the production of RNA templates, and the translation, localization and degradation of proteins, suggesting that

Khib can regulate protein fate. The above analysis and summary not only reveal new functions of Khib but also em-

phasize the necessity for further in-depth research into the mechanisms of Khib. By exploring the action mechanisms

of Khib in different biological processes, a more comprehensive understanding of how this post-translational modifica-

tion regulates cellular functions and biological processes can be achieved, providing important theoretical foundations

and insights for future disease treatments and biological studies.
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2 HEER-FRER T ML AR BIEE(Writer)

Hul C R Z M B EMAE D LB
(histone acetyltransferase, HAT) E A 2-F 5 55 T lL 4%
I (histone 2-hydroxyisobutyryltransferase, HIBIT)
TG . HATHRYE P IG5/ RFAE TT 23 N 34 R B
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P28 GNAT &5 M3 sk B A HIBITIE . “Writer” [
ZFEMER R Khib P B8 2 5 2 Bl A i 72 1) 45
EAFE A, XL ORI “Writer” K 2 K H 41 i
¥, R p300.E A 75 20 M A% A0 40 M S 2 18] 28 4R 1Y)
VAR

3 ERERER-EERT BLAIES(Eraser)
KT HATX Khib AR, A H % LM%
1Kl (histone deacetylase, HDAC) 5 2 % Khib, BfI
HA L2-15 5 T BB (2-hydroxyisobutyryl dehy-
drogenase, HDHIB)i% 4 “', HDACTH] 7 APUZE: H
W /IVIV RS Zn®!, TIZER] Sirtuin Z K # NAD',
HF LR BHIIZE S5128Rpd3 5% A 7 (HDACT 2 3F18)
FITZEHdal KR 5 (HDAC4. 5. 6+ 7+ 9F110)A]
F: R Khib> 4,
HDAC2HIHDAC3 B4 £FrKhibifith:. HUANG
2t OIE 1 A4 AR S2B8 6T HDAC F M 114N B 53 1 22
Khibi§ P47 1%, &K IHDAC2FTHDAC3 H. 4% 2 F&
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AR ANE 5 HDAC2FTHDAC3I , Khib/K- T 2%
BEA, B EATIAE N 40 i A 0y 18 25 B Khib 1)
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Table 1 Writers and Erasers discussed in this review
el K e G7/LE N SCHRR S
Category Name Family Biological samples Reference
Writers Tip60 MYST HEK293T cell line [17]
p300 P300/CBP HCT116 cell line [13]
Esalp MYST Yeast [37]
Ypfi None Bacteria [41]
KAT7 MYST Esophageal cancer tissue [14]
Erasers Rpd3p Rpd3 Yeast [37]
Hos3p Rpd3 Yeast [37]
HDAC2 Rpd3 HEK293T cell line [17]
HDAC3 Rpd3 HEK293T cell line [17]
CobB Sirtuin Bacteria [41]
SIRT3 Sirtuin Mouse [16]
SIRT7 Sirtuin Esophageal cancer tissue [14]

R E A (tricarboxylic acid cycle, TCA)MI ' iF & &1,
FEWF R Gk, SIRT3 W — M EHEEEA L
TCAH I Sk BR (aconitase 1, ACO1), H:Khib2>
FNHIACO1HITENE, NIMTSMATCA . LIRS & G
PR M I> T 925, RKILSIRT7T/ZENAT10 K823-Khib
(1) 2B . ZHANGSE WIE A B I 78 o R I —F
5 SIRT225LL ) HDAC CobB B A5 [ Khib ik
PEo I XA N CobB bk At R 1A & & ' Khib
KPR S5 S 5% , 1IESE T CobBE A 23 B Khib 13
PE, [FIB RAE T ILBGSE RN J) J 8) ))50E, e —0
Hi7E T R58& CobB2: [ KhibBHE 11 [ B s,
& Bh 2 RKSP 256, W 2 1 7N 43 7 550 X —
B I B 52, RGTIGIE T CobB 2 BRKhib 134 1

BeAh, CERERERE T H R B, HAKS I (1) Khib 2 R
¥ K B FTHDACs, Rpd3pAilHos3p™ . 3 i S8 Wi ¢
HIEE R R e, B 70 N DR P 4 18 HAK 8 | 25 FRKhib
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L5 H 101 HDACH R RAA G, A KILEE
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BP0 RN, A8 KA B 75 5L A 3 4T i
S80S FRY R = FE 3 i HAK 8hib (s 5 55 B F 309>
Bl B, SRRTERXAN ST TEHIBITNS S, £
Rpd3AFI Hos3p AR AZ R H1 , HAK8hib )15 & i 1
IKACEE 5 AR EFIE 52, % BH Rpd3AFI Hos3p P i 25 [
H4K8_FKhib.

gi ERrR, H AT Khib 2 B ki 158 &

VIR SR, H AT AR WIVEZKEA 225 Khib 4k
8, WAL IVERE R A — B 2 HDACI1,
i T B RE 2 Z B AL Hos3 5 HDAC 11 45 #4938 4 7]
U5, HHDAC11 5111 HDACK 3t S Ak, 45 #y ek,
HEM HDACT1 7] g B A £ Fr Khib ) Dy g . ik
B3 HDAC3FISIRT 752 A7 7E 41 ffi#% , HDAC2FI
SIRT2 A DATE 40 B A% F0 40 i J5i 22 [] 28 4%, SIRT3R] LA
TEH M2 AN LR 2 [B] 28 AR

H5E5NZHZRML, CHRIE M Khib 25 Fh B i%
Z, WTBR TIVEZAMA A HDACZ I, $##7~Khib
AGWATRES S T ZWEY AR, B 5 OB
WABAE AL B 4%, X H ) RE I 38 R IR N3
FRAR TR LR B e 2t . FRATTH Khib [ 5 N\ il
ERRE DA NRINEL,

4 RAIBFEFRE-FRESTEBUNE
H & (Reader)

HEE ATEALAB I 2 5 A I bR il R 5 T
WA . HATE RAE N FEEEWES 5 EA
L ACIEE ZBRARAS 1 A S YR &5 #435k (Bromodo-
main, BRD). X{PHD#¥$5(DPF)FIYEATS. It4h, B#
BERt106 /W PHES I A p300AI ZZZ3 1) 27245
R, A ARE AL B A AL SR

5N 2 B 0k KhibAE FH 489045 I 1
EERCE MM NERE. 256 LTI IR
il Khib, B3 5 Kerdt =2 40 A (LB 2 ax 46 1] {5
EARRATRNTZ A R .
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NH,*
/gﬁ% + 2-hydroxyisobutyryl-CoA
g\w
(0]

Lysine

H 17 2 RE K hib 5 A\ % (HIBIT) & 2B % (HDHIB). NA: A 53],

A4
P [Pe
HDHIB 0

Reader

2-hydroxyisobutyryl-lysine

Khib Writers (HIBIT) and Removers (HDHIB) have been reported so far. NA: not available.
Bl ZAR2-ZERT BB HIBITAHDHIBES S FEH B ITAE
Fig.1 Protein 2-hydroxyisobutyrylation achieves dynamic equilibrium through HIBIT and HDHIB and recruits Readers

5 HRR-BRERT M IZIRRITEE
5.1 ¢AZEBKhibIhgE

WAL B, KhibfEAE 41 M 1T i 72 4 16
Kggme®, HATges 5 F4Mr 1. Be
DIREBOE SR D IR . IR PSR I8 AR G 5 R
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RSB R A

4 HE I Khibid i A g g5 . R R B
TR 1 DA B 45 G B i DR -1~ S AL ) Sk s i A K55 4 i )
KR, WFFCRI, fEREMEA M Lt R, 4
T AKhibFR I H 5 21 8 A KacEk 415 A Ker AN [F] 3
PRI A s oo Jd i G 6 07 S B P v Ml P . P 3R
IR AT R G R, BT A R IIAE PR 53 R R L
3345 B REE AR FE A0, HAK 8hib5 40 il H 1136
BRFERIFE S ARG . A T4 85 1 Khibbrid fEAS [F 4
rORSE BTz a0 A, FF ] LR ECR S5 AR, FE Gy
T T REV T ORI

R E 52 FECE AL ERD, ST
A JE 25 o B BB . RN RIRER B A, X
LG 200 %) I R 40 A T S — AR X o ) e £
JUIRAS1, PERICOSEM VR I 1 2B Khib ) SIRT3
EFER B IIHER . TERIGE L+, SIRT3EE
Fik, @A T ANARZS . # SIRT3ATE 24 HDAC,
R0 2H B 0060 2 R Bk i 4% 25 B Khib i M R 4R
F, /N BRI IR R o SIRT3 5 2 B AH 40 gk /b, $2oR
KhibZ 5 7iX—id . % T KhibfE IR o 21

e sp R AEAE F ML) v A B A

M EA SHEORLMRHAED". WRHTHT
&, DONGZE* 7R | KAt & 1 YpfifE JyKhib )5
N, TESA A _E S AKhib I 55 5% JH]2R4
FHAH-NS_EKI121hib 53 H-NS 5 DNA AR, M
T A2 3E 22 P B DT 1) e s, L R R (R R A 4t 1y
YT B I R 1, 25 P4 A KhibiB A8 1 2R 41 5 1R
k.

M, HEAKhibER T REREETSS
TR, N 7R E AR R E
(I Khibth B R gt . ATESE T SCiik i Tl iE
M4 FAH2A. H2B. H3AIH4 I IKhibf7 £(FE2).
5.2 FEZHEBEKhibIIEE
521 ZAREE. WEAER K. EO
B K 2H 43 F 3 AT 45 Khib, $275 KhibA] G 4% 5
1R R 1% M [ AR FE . YANGZEE ROLL 8 7 % o0 &
Mt B Ker M Khib 8 F T, L2 H T 653
A —FHMEA . GO(Gene Ontology) & 57
MrioR, X867 S 211 8 1 (differentially modified
protein, DMP){ERZ /MAZH L. Gt ffidl%. DNA
A, ZIREYE B2 ARSI R R E .
KEGG(Kyoto Encyclopedia of Genes and Genomes)
43 M7 2.7~ DMPAE £ Bl AR FIAZ BB A4 T8 B 2 35 4R
Horf, 154 DMP 5 & A B R B 4240 5%, PSMC6A!
PSMB7/&/% 0 . BbAl, B AR 2L H Kerfll
Khibf B ZF B ReS 5 7 IR R B i R (1
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SCHR TR S 218 T H2A . H2B. H3MIHA L IKhibAz 4
Khib sites on histones H2A, H2B, H3 and H4 reported in the literature.

Ko4

|362723181494
K56— K — K —K — K— K— K— K— N-terminal

E2 AXEZER2-HRERTRMUSHER

Fig.2 Schematic representation of the 2-hydroxyisobutyrylation site of human histones

YRR BARYE . 5 4F, 440 BT KerfIKhib I DMP-5
MR RMIC, FERIXEIMBMEA RS S T
SP BRI & B I AR I E A .

br 7 Z 5\ ARG P ES, Khibt A7
ET#HRwEA L, IERES5EARMTEm
T.. XIEZ: U 5T 2 W] Kerfll Khib Al BE7E RS MELT
BEIRIE (stochastic loewner evolution, SLE) & # H (&
PR 2, FEE e 6N R R N TR IR
) DMP(CLTC. HSPA1B. HSPA8. HSP90ABI.
HSPD1#1PDIA3), H# HSPASZ#%.0» & 4. HSPAS
i) Ker Ml Khib A2 40 7] BE A8 ATP /K fiff I (2 2k 1R 5
MHC 173 454
522 ALbmiitss IR SR 248 e (oral squa-
mous cell carcinoma, OSCC)A2& 71 15 ¢ WL IR e
Z—, BA GRS S kM. ZHANGE PIH|
F LC-MS/MS ) H 4 #3875 1 #E OSCCH Khibf#)
Ak, HA e Iah & B R A s e 7 B
fIKhibf& i 85 [, fLFEPFN. P14PSK. RacfIERMZ%,
XHE7R Khib P3G N S50 7 Mg 4 i HEE . 410
IR ZERE S0 9, TR T OSCCHIK & .

LIAO%s Mg it Fo B e A A5 R AN PR A A
H R H R BRI A B, R I KhibfE 4 R 4 2

B . B 204 B R R A S FAH R AR RS
JRFEARAT R B R4 00, KILEA KhibfIN-4
Tt 4% F% I3 10(N-acetyltransferase 10, NAT10)7E % %
P IKEhEH . NAT10 L K823hibfEi#k & 5%
2RI USP39M 4 &, MIMTHET 7 NAT105 1)
FaEME. NAT10f#4k T NOTCH3(Notch homolog 3)
mRNA [ o g 467 K 2E Z B AL 1E 1 (acdC), 155 T
mRNA 1822 P (B3), At T g (22856 %
XIEZ5 T 57 2 B K er fTK hib 1] A& 7E SLE & &
WA A E R A S A LIRS, 7E SLERI R L
Hl PPy A (. GOE BT IR, IXEEDMPAE
FIY TR 7 1 3 B 4. KEGGIHRE £k
HX & DMPZ 5 T A4 s ) L igis. £
AR N T e, %€ H 7> DMP(ACTNI .
ACTN4. EZR. MSN. RACl. RHOARMIVCL), }
H MSN 2 iZIg 12 B I A Al 2 B . MSN
SRR 3 ferm X Kol Khib 1254k 1] BE 8200 1 44 i
559 B g 2 TR RE BT, A& 4R MLIE A% i S 2D B
X LR LA A B IR T i SLER R TR AL, I
A IR IT MG [T R IR L LR
523 AR XEET AL XA R P Khib
T 8 45 0 A U AH S B 1 7K 7 A0S D T R 5 E B
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Writer: KAT7

® v

Eraser: SIRT7
NAT10 K823-Khib NAT10
ac4C

\
m NOTCHS3 ac4C !

[Promoter’ Fibronectin]

!

Tumor metastasis

2-FRFESE T AL IB G SENAT 102K (1 SR VERE TN it #ENOTCH3 mRNA [Fac4CIE i«
2-hydroxyisobutyrylation modification enhances the stability of NAT10 protein and thereby promotes ac4C modification of NOTCH3 mRNA.
B3 ZHBFEKhibXRNAZ B IEIHIR i piESE 75

Fig.3 Protein Khib and RNA acetylation modification promote tumor metastasis

YER, XERtRE A 2R K e A QIR IR A 58
AAEHEZERW. Bl ol 2 SERma =R %
TEFR M % () B (2445 GPI. PFK. ALDO. GAPDH.
PGK. GPMA. ENOFIPKM%5) B 45 Khib!'"([& 4).
X e gk AR R T KhibEAR 8 % b i b, =
FCRARAE F B sz ma Ty 75 2t — i A e B

TERE I, S A1 5% Al (aldehyde dehy-
drogenase 1A1, ALDH1A1)_K260hib2x 520 JL e 1,
FHRHBe e 1 = AR E R . ALDHIALZ E L
TR, A2 PR NS R MRS, IRR
AR . ORBESEHARNRR, S5 O
Rt geERAG R MRS A TE RS 2 P T
FEE, ZEfRit  ALDHIA LR F4IbRIey), S5
F-HEFOM 2 PEAR DG AN ORI, TERBS Bt 2 2
A, ALDH1A 1 K 260hibZ i &K T ALDHIAL
HERIFRBIKT, I 1 A fRsGsE . R
GBI R, 0 T BRI . X — R IUNIR N B
AR 5 e - P R 24 1 ) - AL SR T TR R, IF
I RO IES D BRVR T 23 it T I AERE AT

YANGEE POZE R G S 20 2Pl 31 653~ DMP,
i KEGGH % 77 i & ILIX £ DMP . 3% & 4 21 iR B

FRAEMH . PO ERER AR A IR b 3B i b, 1IX 53,
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2 RERITICRR2-BERTBMUMAR

Table 2 2-hydroxyisobutyrylation studies discussed in this review

EMIREAR Khibfi7 1% Khib% 1% KFREA SRR
Biological samples Number of Khib sites Number of Khib proteins ~ Year of publication References
HCT116 cell line 4239 1459 2018 [13]
Giardia lamblia 8877 1 546 2021 [23]

Oral cancer tissue 938 617 2021 [22]
Pancreatic cancer tissue 10 367 2325 2022 [15]
HEK293T cell line 3502 1 050 2022 [17]
Crossbred piglet ovarian tissue 4 498 1127 2023 [20]

Esophageal cancer tissue 56 030 5384 2023

[14]
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