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Modifications of Biomolecules

* DNA: <10

* RNA: >100

* Proteins: >500

Total modifications in human: >10%1/

New chemical bonds formation



Commonly seen PTMS
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Part 1

Protein PTMs change their structure, biological functions
and roles In the disease develoment



Smurt1 inhibits integrin activation by controlling
Kindlin-2 ubiquitination and degradation

Xiaofan Wei,'* Xiang Wang,'* Jun Zhan,' Yuhan Chen,? Weigang Fang,? Linggiang Zhang,® and Hongquan Zhang!
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Cell Reports

Kindlin-2 Inhibits the Hippo Signaling Pathway by
Promoting Degradation of MOB1
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In Brief

Song et al. demonstrate that Kindlin-2
inhibits Hippo pathway by enhancing the
interaction between MOB1 and E3 ligase
praja2 and promoting MOB1 degradation.
Kindlin-2 depletion activates the Hippo
pathway and alleviates renal fibrosis in
UUO mouse model. A specific long-
lasting siRNA against Kindlin-2 is of
therapeutic value for renal fibrosis.

Song, et al. Cell Reports, 2019.
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Src-mediated phosphorylation converts FHL1 from
fumor suppressor to tumor promoter

Xiang Wang,'™ Xiaofan Wei,'™ Yang Yuan,! Qingrui Sun,! Jun Zhan,! Jing Zhang,' Yan Tang,! Feng Li,! Lihua Ding,?
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LATS1 K751 acetylation blocks activation of Hippo signalling and
switches LATS1 from a tumor suppressor to an oncoprotein

Siyuan Yang', Weizhi Xu', Cheng Liu', Jiagi Jin', Xueying Li', Yuhan Jiang', Lei Zhang',
Xianbin Mengz, Tun Zhan' & Honggquan Zhangl
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Part 2

Precise prognosis for cancer patients based on protein
acetylation



Acetylation of transcription factor HOXB9 inhibits lung ‘
adenocarcinoma progression

Dr. Junhu Wan



Acylation :

Acetylation:
Propionylation:
Butyrylation:

Crotonylation:

2-Hydroxyisobutyrylation:

B-Hydroxybutyrylation:
Malonylation:
Succinylation:

Glutarylation:
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Acetylation
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HDAC Classes

ClassI: HDAC1-3, 8
Class Il. HDAC4-7, 9, 10
Class lll: SIRT1-7
Class IV: HDAC11

1
Signaling Pathways Xiang-Jiao Yang. BioEssays, 2004



HOX gene family

* In human, 39 HOX genes are found In
four clusters assigned to 13 paralog
groups in each cluster

* HOX genes are expressed in temporal
and spatial collinearity

* HOX genes have crucial roles in
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HOXB9 interacts with and is acetylated by
acetyltransferase PCAF
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HOXB9 is acetylated at residue K27 by PCAF

Precursor ion 1384 31417
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HOXB9 is acetylated at residue K27 by PCAF

Amount peptide (ng) 100 10 1 0.1

HOXB9 unacetylated peptide

HOXBSY acetylated peptide i < -

Anti-AcK27-HOXB9
SiRNA-PCAF - +
FLAG-HOXBS + +
E AcK2T7-HOXBY
| — L“.’-“]

FLAG-HOXBS

PCAF

L.
ET—
w Actin

MBP
MBP-HOXBS-WT
MEBP-HOXBS-K2TR
GST-PCAF-HAT

AcK27-HOXBS

16



Acetylation of HOXB9 suppresses lung cancer
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Acetylation of HOXB9 suppresses lung cancer
xenografted tumor growth
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Elevated K27 acetylation of HOXB9 predicts a
favorable survival in lung cancer patients
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Acetylation of HOXB9 inhibits tumor

progression via suppression of JMJDO6
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Acetylation of HOXb9 at K27 inhibits CRC
progression

Dr. Jun Zhan



AcK27-HOXB9 was downregulated in multiple cancers

Colon Kidney Liver Stomach Esoghagus

Colon Cancer Renal Carcinoma Liver Cancer Gastic Cancer Esoghageal Cancer )



AcK27-HOXB9 predicts a favourable outcome
in colon cancer patients
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Percent survival

1007

AcK27-HOXB9 predicts a favourable outcome
in colon cancer patients
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Acetylated HOXB9 translocates from nucleus to cytoplasm

A Nuclear Cytoplasm B
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Acetylated HOXB9 translocates to cytoplasm

and inhibits tumor growth

" HOXBY

MNuclear membrane
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Acetylation of HOXB9 at K27 predicts well prognosis
in PDAC patients

Dr. Jun Zhan



HOXB9

HOXB9 is upregulated in PDAC
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AcK27-HOXB9 is downregulated in PDAC
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The level of AcK27-HOXB9 is correlated with
PDAC progression
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The level of AcK27-HOXB9 is correlated with
PDAC patients prognosis
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Conclusions

1. Theoretical significance:
Expression of an mRNA is not necessarily parallel with the expression of its encoded
protein; the expression of a protein is not necessarily parallel with its biological

function. Post-translational modification and location of protein must be considered.

2. Clinical significance
Wild-type HOXB9 promotes tumour progression, while AcK27-HOXB9 inhibits growth
and metastasis of tumour. Ratio of wild-type/AcK27 HOXB9 may predicts the

prognosis of patients.

AcK27-HOXB9 WT-HOXB9
WT-I:(BQ{ $OXBQ
poor prognosis good prognosis
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Part 3

Identification and characterization of novel protein acylations



ldentification and characterization of Histone
Isonicotinylation

Dr. Yuhan Jiang



Background

PEKING UNIVERSITY

Histone benzoylation

nature
COMMUNICATIONS

ARTICLE

DOI: 10.1038/541467-018-05567-w OPEN

Lysine benzoylation is a histone mark regulated by
SIRT2

He Huang', Di Zhang', Yi Wang?, Mathew Perez-Neut!, Zhen Han?, Y. George Zheng3, Quan Hao? &
Yingming Zhao'

Metabolic regulation of histone marks is associated with diverse biological processes through
dynamically modulating chromatin structure and functions. Here we report the identification
and characterization of a histone mark, lysine benzoylation (Ky.). Our study identifies 22 Ky,
sites on histones from HepG2 and RAW cells. This type of histone mark can be stimulated by
sodium benzoate (SB), an FDA-approved drug and a widely used chemical food preservative,
via generation of benzoyl CoA. By ChlP-seq and RNA-seq analysis, we demonstrate that
histone K., marks are associated with gene expression and have physiological relevance
distinct from histone acetylation. In addition, we demonstrate that SIRT2, a NADT-dependent
protein deacetylase, removes histone Ky, both in vitro and in vivo. This study therefore
reveals a new type of histone marks with potential physiological relevance and identifies
possible non-canonical functions of a widely used chemical food preservative.

BHEER ®ZAFE Huang H, et al. Nature Communications. 2018 <36 >



Identification of isonicotinylation

a 105.0102Da mass shift
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Identification of isonicotinylation

a 105.0102Da mass shift
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Identification of isonicotinylation

a 105.0102Da mass shift

7

NT
GUNI
& @
'~ o

8 )
o <

13592

Picolinylation

Nicotinylation

ez XY

PEKING UNIVERSITY

Lys NH ‘ X
=
o)
Lys NH ‘ Xy
=
o)
Lys

NH ‘\

Isonicotinylation

<39 >




Identification of isonicotinylation

Preparation of a Pan-anti-isonicotinylation

a 105.0102Da mass shift
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Lys is isonicotinylated In cells
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Lys is isonicotinylated In cells
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Lys is isonicotinylated in cells AN TS
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INH and SIN can induce isonicotinylation
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INH and SINcan induce isonicotinylation in non-histones NEPE |
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INH can induce isonicotinylation
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INH can induce isonicotinylation
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Isonicotinylation locates in the nucleus
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INH can directly catalyze isonicotinylation NEII TS
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Isonicotinylation sites in histones NEFEE
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Isonicotinyl-CoA (Inic-CoA)
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INH raises intracellular isonicotinyl-CoA
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CBP/P300: isonicotinyltransferase
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CBP/P300: isonicotinyltransferase
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CBP/P300: isonicotinyltransferase

Free histone + + + +

3XHA + + - -

HA-CBP = = 3. =

HA-P300 - - - o+
isonicotinyl-CoA - + + o+

a”ﬁ‘Kinic

anti—KaC

- - ——"H2B
Coomassie blue > <A
\ H4

anti-H3 — e == =

anti-HA-CBP/P300 — -

anti-B-actin — = o= ==

BREH FREFE <55 >



HDAC3 de-isonicotinylation
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Histone isonicotinylation loosens chromatin
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Histone isonicotinylation regulates gene expression

® Down No Change @& Up

TNF signaling pathway h IL1B PIK3R1

504
Hematopoietic cell Iineag_ IL1B CR2
404
s L ] . .
o
2 30 Complement and coagulation cascades [ NNERNE B PLAU CR2
>
o . : |
2 .23 i
3] R ST— CACNAID
T - ‘-! -
| e, $
b 10 ¥ cAMP signaling pathway CAMK4
o2
R Y. | .
i . i - , 0 5 10
-5.0 =25 00 25 5.0 -log, p-value
log2(Fold change)
154 15+ 154 3 3+
s i T % ko Bl CTR
| Bl INH
c c c c c
0 kel o Re) o
g 104 g 10 g 10 g 2- $ 2=
2 2 2 Q 2
a a o a a
x 3 x x X
[1)] 1] © [1)] [1}]
2 2 o g 2 2
- -— R - -—
T o o) G 1
)] Q [0} 0] [}
14 'd 0'd 14 o
0- 0- 0- 0- 0-

EEEHR #ZFEHFE CR2 CAMK4 PLAU IL1B CACNA1D < 58 >



Histone isonicotinylation activates PI3K/Akt/mTOR
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FOXAT1 inhibits hepatocellular @<
carcinoma progression by suppressing
PIK3R1 expression in male patients

Shujiao He'?, Junyi Zhang'Z, Wan Zhang'?, Fengsheng Chen'?" and Rongcheng Luo'®

Abstract

Background: Forkhead box A1 (FOXA1) expression is associated with various types of tumors; however, the function
and underlying mechanism of FOXAT in the development of hepatocellular carcinoma (HCC) remains obscure.
Methods: Here, we investigated the role of FOXAT in the development of HCC by applying gene function gain and
loss analysis to HepG2 and Hep3B call lines, and comparing outcomes with those of clinical HCC samples.

Results: Phosphoinositide-3-kinase regulatory subunit 1 (PIK3R1), which encodes protein PI3Kp85 (p85), was identified
as a FOXA] target gene. Analyses of the mechanism and function revealed that FOXAT suppresses hepatocellular
carcinoma cell viability and motility by inhibiting PI3K/AKE signaling through direct inhibition of PIK3R1 transcription.
Moregver, in clinical samples from male HCC patients, FOXAT expression was much lower, whereas PI3Kp85 levels were
much higher in tumer than in non-tumor tissues. Elevated PI3Kp8S is an unfavorable factor in HCC

Conclusions: As a tumor suppressor, FOXAT targets PIK3R1 directly to inhibit PI3K/AKL signaling pathway, thus exerting
a negative regulatory effect on proliferation, migration, and invasion of HCC in male patients.

Keywords: FOXA1, Hepatocellular cardnoma, PIK3R1/PI3KpES, PI3K Akt




Histone isonicotinylation activates PI3K/Akt/mTOR
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Histone isonicotinylation and tumor progression
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Isonicotinylation is a histone mark induced by the
anti-tuberculosis first-line drug isoniazid

Yuhan Jiang!, Yixiao Li', Cheng Liu', Lei Zhang', Danyu Lv', Yejing WengZ Zhongyi Cheng?, Xiangmei Chen?,
Jun Zhan' & Hongquan Zhang® '*

lsoniazid (INH) is a first-line anti-tuberculosis drug used for nearly 70 years. However, the
mechanism underlying the side effects of INH has remained elusive. Here, we report that INH
and its metabolites induce a post-translational modification (PTMs) of histones, lysine iso-
nicotinylation (K;,;.), also called 4-picolinylation, in cells and mice. INH promotes the bio-
synthesis of isonicotinyl-CoA (lnic-CoA), a co-factor of intracellular isonicotinylation. Mass
spectrometry reveals 26 Ki,c sites on histones in HepG2 cells. Acetyltransferases CREB-
binding protein (CBP) and P300 catalyse histone K., while histone deacetylase HDAC3
functions as a deisonicotinylase. Notably, MNase sensitivity assay and RNA-seq analysis
show that histone K;,,. relaxes chromatin structure and promotes gene transcription. INH-
mediated histone K. upregulates PIK3RT gene expression and activates the PI3K/Akt/
mTOR signalling pathway in liver cancer cells, linking INH to tumourigenicity in the liver. We
demonstrate that K. is a histone acylation mark with a pyridine ring, which may have broad
biological effects. Therefore, INH-induced isonicotinylation potentially accounts for the side
effects in patients taking INH long-term for anti-tuberculosis therapy, and this modification

may increase the risk of cancer in humans. Jiang, et al. Nature Communications’
2021.9.20
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1. We identified histone isonicotinylation, a novel type of histone modification.

2. We identified 26 modification sites of histone isonicotinylation in HepG2 cell.

3. We showed that a histone acetyltransferase CBP/P300 has the function of histone
isonicotinyltransferase, and a histone deacetylase HDAC3 has the function of histone
deisonicotinylase.

4. Histone isonicotinylation loosens chromatin and may take effects in tumourigenesis

and progression of liver cancer.
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