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H4KS deacetylation regulates cell wall integrity pathway in
Saccharomyces cerevisiae exposed to nickel stress

BAO Nana'?, GUO Yanfei', LIU Dongdongl, ZHAO Xiujuanl*

1 School of Life Science and Technology, Inner Mongolia University of Science & Technology, Baotou 014010,
Inner Mongolia, China
2 Baotou Cancer Hospital, Baotou 014030, Inner Mongolia, China

Abstract:[Objective] Nickel (Ni) is one of the heavy metal pollutants to which humans are
widely exposed, and nickel exposure activates the cell wall integrity (CWI) signaling pathway,
which lowers the level of intracellular histone acetylation. However, whether the CWI pathway
is regulated by histone acetylation under nickel stress remains to be fully understood.
[Methods] We used the histone-targeted mutant strain H4K5R (mimicking the deacetylated
state) to study the regulation of the CWI pathway in Saccharomyces cerevisiae by H4KS5
deacetylation under nickel stress, aiming to lay a foundation for unveiling the regulatory role of
histone modifications in eukaryotes in response to heavy metal stress. [Results] Compared with
the wildtype strain, H4K5R had strong nickel resistance, being able to grow in the presence of
5.0 mmol/L NiCl,. The results of Western blotting and qRT-PCR showed that the CWI pathway
of the wildtype strain BY4741 was activated under 5.0 mmol/L NiCl,, with the expression of
Mnn9 (encoding a-1,6-mannosyl transferase) and Fksl (encoding glucan synthase) being
up-regulated by 3.13 folds and 1.49 folds, respectively. Moreover, the content of mannan and
B-glucan were increased, which indicated that the wildtype strain activated the CWI pathway to
increase the content of cell wall component. The activation of the CWI pathway in H4K5R was
mild under the stress of 5.0 mmol/L NiCl,. Although the expression of MNn9 and Fksl was
up-regulated, the changes in mannan content were not significant, and the increase in -glucan
content was less than that of the wildtype strain. [Conclusion] Under 5.0 mmol/L NiCl, stress,
the deacetylation of H4KS5 in the mutant strain regulated the CWI pathway, which affected the
changes in cell wall components.

Keywords:histone deacetylation; nickel stress; Saccharomyces cerevisiae; cell wall integrity
pathway
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Table 1 Primer sequence

Gene Primer sequence (5'—3’)

p-actin F: ACTTTCAACGTTCCAGCCTTC
R: CGTAAATTGGAACGACGACGTGAGTA

Wsc2 F: GATGCTGACGCTAACCCTGT
R: AATAGAATCTCTGCCGCCCG

Mid2 F: TCGTCTACCAGCATTGCCTC
R: TGCGGATGTCGAAGAGATGG

Rhol F: TGAGAAACGACCCACAAACC
R: CAATGAAGCTCTAGTGGCGG

gt2 F: TCCAAGAGAAATTGCGGTGC
R: TCCACGGAATAGGCGTCTTA

Chs3 F: GTGCGATTGTGGCTTTCCTG

R: TTGTATACCGGAACGCGAGG
Mnn9 F: CCGCCTAAGAAAGAACCCGT

R: GTGTGCCCATTTGTGTTGGG
Fksl F: GGTAACGGGCAAAGTCAGGA

R: CTTCAGTACCAGCAGCGACA

1.8 Western blotting 44|
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BRI — 2 2RI, A R EE
5 mmol/L I ERRA o X9 PR B T
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250 2 min, EBR BIEW, WCEMML ., XTUEL
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2 ZERE54

2.1 ERRTEE H4KSR CEEL KT

T Iy BN R S R B bk HAKSR 1Y
GEARN ST HATIRAIE, IRIGLE R E 1A PR, 4
[ H4 2 5 T AAG (ZtE i 2R K)

A .
Query 159  ATGTCTGGTAGAGGTAGAGGTGGTAAGGGTTIGGGTAAGG
Sbjct 1 ATGTCTGGTAGAGGTAAGGGTGGTAAGGGTITGGGTAAGG
Query 219  AAAATCTTGAGAGACAACATCCAAGGTATCACCAAGCCAG
Sbjct 61 AAAATCTTGAGAGACAACATCCAAGGTATCACCAAGCCAG

Glisd Qnalitysds?
Sanger sequencing result
B
NiCl BY4741 NiCl H4K5R

3 )

(mmol/L) 0.02.5 3.5 5.07.5 (mmol/L) 0.0 2.5 3.5 5.07.5

TUbUlIN e— ———— e i A

H4K5Ac

—— —— —

1 H4K5R TE S RN 2 R TR AL 7K TR

Figure 1 Detection of H4KS5R site-directed
mutagenesis sites and acetylation levels. A: Sanger
sequencing. B: H4KS5 acetylation level of BY4741. C:
H4KS5 acetylation level of H4K5R.
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HAKSR A KR Z BN, FEE NiCL W T+
% 6.0 mmol/L i}, H4KS5R A= KA 32 Bk .

GEAL T R B B A RV AR AR AN TR NICL e B e H L RARIR A5 R, 4% 5.0 mmol/L NiCL 4y Ji
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H4K5R H4K5R H4K5R H4K5R

0.0 mmol/L NiCl, 2.5 mmol/L NiCl, 3.5 mmol/L NiCl, 5.0 mmol/L NiCl,

B2 ARKESHKEMETERERS BY4741 RAEAE AR TR EKRME KIS

Figure 2 The phenotype of Saccharomyces cerevisiae BY4741 and histone site-directed mutagenesis strains
under different concentrations of nickel stress. A: YPD+0 mmol/L NiCl,. B: YPD+2.5 mmol/L NiCl,. C:

YPD+3.5 mmol/L NiCl,. D: YPD+5.0 mmol/L NiCl,.

A B
20 20 , ’
——— « (0.0 mmol/L NiCl, 331
o ggﬂﬁg{fk ﬁ:g j=i= j—i— 1.8 = 2'5 mmol/L NiCL: g 3 — s
1.6 r-a-3'5 mmol/L Nig¥"! 1.6 F « 3.5 mmol/L NiCl, v
1.4 -+ 4.5 mmol/L oy 1.4 [+ 45mmo/LNiCL  ~ *
1 [ 50 mmol/L .c1 / 12|+ SOmmOVLNICL I, .
2 <[> 55mmol/LNICl, / g » 5.5 mmol/L NiCl,
Q10r '60mmd/N£1‘ Q 1.0 |+ 6.0 mmol/L NiCl, &
s . _jj—t——— < L+ 7.0 mmol/L NiCl, » *
0.8 7.0 mmol/IL NiCl, 0.8 1 4
. 75mmol/£N|C # =75 mmol/LNlClz‘ b —b—o—0—1
0.6 - e Senec o 0.6 + oy
0.4 /:' -'f"'/:'li—: :_: ::: 04 A e—e—e—r—e
02 o ";;i_’gf/' 02} i_; B ey
00 astledi -t s o+ 000 u e 0.0 baaaeh ¥~ *
02 468 10121416|8202224262830 0246 81012141618202224262830
t/h t/h
B3 ARKESKEMETIRERSE K%

Figure 3 Growth curve of Saccharomyces cerevisiae under nickel stress with different concentrations. A:
Growth curve of BY4741. B: Growth curve of H4K5R. Average values and standard deviations from three
independent experiments are shown.
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A BY4741
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Vo N e,
SLT2 ";:,;.— Sy S,

g

P-SLT2 .

4 FEFREF SLT2 #EE LAk F48m

NiCL 38 F #0f CWI ikt
24 SEMBET CWI EEXBERRIE
A 44

K9G RE B PCR X CWI kA8 S HERE R Y
FIRACEIATRI, W SA i, fTELESE
AT, R AR R PR HAKSR 5 8P4 AU TR ik
BY4741 FHLL#E, B Mid2 #i1 St2 FIA B ESb,
CWI 45 S Hl L R ek 1 45 0 25 i3 T 7 AR ik
wmE 5B fron, BFAERIGE PR BY4741 76 NiCL Ji
T Wsc2 Fi# 17.4 £%, Rhol i 1.55 %, St2
A 18.91 £, Mnn9 i 3.13 1%, Fksl A
1.49 f%; 4Kl 5C iR, s 8RB % HAKSR

B H4K5R
NiCl, (mmol/L) 0 2.5 35 50 7.5

— — C— . —

Figure 4 Detection of phosphorylation level of transcription factor SLT2. A: Wild type strain BY4741
transcription factor SLT2 phosphorylation levels. B: Site-directed mutant strain H4K5R transcription factor
SLT2 phosphorylation levels.

|
%

L1

[\
(=)
N
4

||
*
*

Relative e
S WDn

]

%

—

oA
OO ¢
J-X-
*
. 1%
%
%
-
L%
Relative e
SOO —
SEI00 —

Lelative e

E5 CWIEEZEXBEEEENREE

Figure 5 Relative expression of key genes in CWI pathway. A: Relative expression levels of BY4741 and
H4KS5R. B: Relative expression levels of BY4741. C: Relative expression levels of H4K5R. Average values and
standard deviations from three independent experiments are shown. Asterisks indicate statistically significant
differences from the corresponding control as analyzed by one-way ANOVA (*: P<0.05; **: P<0.01).
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Figure 6 Main components inSaccharomyces cerevisiae cell wall. A: B-glucan content. B: Mannosan content.
C: Chitin content. Average values and standard deviations from three independent experiments are shown.
Asterisks indicate statistically significant differences from the corresponding control as analyzed by one-way

ANOVA (**: P<0.01).
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