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Abstract: The aim of this study was to investigate the effect of the histone lysine acetyltransferase MYST-A on the protein
post—translational modifications of Toxoplasma gondii. The full-length gene sequence was obtained from ToxoDB database
of Toxoplasma gondii, the expression vector was constructed, the recombinant protein of His tag was purified in large
quantities, and the experimental animals were immunized, polyclonal antibodies were prepared and purified. The
subcellular localization of Toxoplasma gondii was analyzed by indirect immunofluorescence assay, and different

concentrations of antibodies were used to act on Toxoplasma gondii and the whole parasite protein was extracted for
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Western—blot verification to analyze whether it had an effect on the protein post—translational modifications of Toxoplasma
gondii. ALP2a protein is an important component of histone acetyliransferase complex. MYST—A and ALP2a may form a
histone acetyltransferase complex to participate in post—translational modifications of histones. This study intends to verify
whether they interact with each other through molecular interaction experiments. The results showed that the recombinant
expression vector was successfully constructed, and the recombinant protein His—=MYST-A were purified. His—-MYST-A
immunized mice and rabbits and produced specific polyclonal antibodies. The results of IFA analysis showed that MYST-A
was widely distributed in the cytoplasm of Toxoplasma gondii both in the vacuoles and in the tachyzoites. The effect of
MYST-A on the protein post—translational modifications of Toxoplasma gondii showed that with the increase of antibody
concentration, the levels of ubiquitination, monomethyl/dimethylation, malonylation and succinylation increase (especially at
55 kDa), indicating that the protein played a negative regulatory role in them. The interaction between MYST-A and
ALP2a was verified by molecular interaction experiment. This study further revealed that the histone lysine
acetyltransferase MYST—-A of Toxoplasma gondii plays an important role in the regulation of protein post—translational
modifications, which lays a foundation for further study of its biological functions. The study of protein post—translational
modifications is great significance to understand the pathogenic mechanism of Toxoplasma gondii and its interaction with
the host. It also provides some reference value and theoretical basis for the development of novel Toxoplasma gondii
vaccines and the screening of drug targets.
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5 B (Toxoplasma gondii) J&2F A AE AN N AY—F TS [T 5L 58 U RERS G LT BT A Y T
M3, BEE MBS 7E SRR . B REAE HEATE £ PR 28 R G0 7 2 e 152 i HL A L)
AE™ . 78 H A TG i, AR I 3 038 2 o P9l 4 5B 8 35 G 1 ) K TR, T JR%
Y5 HUR S 1R H BN 277 AR R BEREIR B T PRAEIR™ , (ELIG LA S D RE AR T i N2 K2R
FUHE B L L B ARG SR At HAT S B HUR A TR BRI 5, B B xR YT S IE i
I A ARFRL 2, X AR BB B 25N, % 38 b 1 28 U & R Al 7= AR A R B LA

5 1 5T 178 J5 1B 4 (protein post—translational modifications, PTMs ) J& 5 ¥ I B i & TE & &
TR 22 R b ek 53 46 1 Ak w4 0 22 R X ) Ak 2 M BT, DT S el 2 1 S ) D RE L = 2R B
AEVA T R 27, S8 BR[0T BT 23 A A 1 e 2 AN ) 19 L (R A 2 1 BB i Y
AR FEAS IR DA A A 24 ) A A T sl T PTMs 1] L& A= 78 5 I8 Ha AR i Ja 30 R AT AT i 221, e A8 28 1
P92 5 L K 2 1 B~ 2 1 5 (B AR B 4 TR R s i A b R AR Y. A BFSIE W AR
F S ML R Tl MY ST—A J2& b AAB 1 % A% il v 1 | 28 J A, B X S I A B i R A7 4, AT 4]
TR SRR e B A DNA 018 52 45 22 0y T AR W) 2e AR ORI AT A, BRZH AR
G, — BB R A T 28 28 1 R AR BT RS R T R AR R E ] . R S I O IR
ZH5E W ZE A BA RS, X 5 G W e R 1 T RS i A T35 P R AR S v R AR
FHU, 380 5C B % 400 i 50 AT BE X 25 W AR AR ) 0 e BT B R L PRI A9 U R GK T 44k His—
MYST-A H A 5T, %58 S In PUARRE e MO T e T a4k a s e iAm a] S0 3 iz A O R4 Y
Z AL N e AL SR EATE AL | B R Y AR A 0 SR R AR L R A o T BV S IR
MYST-AF1 ALP2a A& AEAHEAR I, I AT REE MU 5 4. AT A MY ST—A S HUACER 5t 28 I i
M BYRIEST , i B BT 5 I UG 25 MR AR S g e i S b i — & i S N (A B AR
1 #RE5FE
1.1 A
111 k#k gmie Bkde L3 shdy AN S IE R (RHBR) | Verodii i (HE M5 1 4/ ) . pET-28a
BRI AL ZAF . SPFRBALB/c/N RIS A 1L T KA AW H ARG RAF
112 E£%&XHA  PrimeSTAR® Max DNA Polymerase , BR il £ N VI BamH 1 F1Not I ¥4 [ TaKaRa
ol o ORE /N TR SR R R R & 3 B R AR A BB A PR A Fl . His—Tag Mouse Monoclonal
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Antibodyl H#8 = KA Al . 8 HBEH1Z TK Anti-L-Lactyl Lysine Rabbit mAb , Anti—-Mono/Di—Methyl-
lysine Rabbit pAb , Anti—-Malonyllysine Mouse mAb , Anti-Succinyllysine Mouse mAb#l1Anti—Ubiquitin Rab-
bit mAbI4 I H FUH SR A YR By A R F] o

1.2 Ak

121 3148t 54 MToxoDB MU 4 2R TGME49_318330/5 . #% T # histone lysine acetyl-
transferase MYST—A 3 K 4K 7 1), Al FH primerS. OB 415 11 A BE VI AL 5 0 R e 51 9, LIS 14
MYST-A-F /5’ ~CGGGATCC (BamH 1) ATGAAGAGAGTCTCGGGAGCG-3", FiiF 5| #MYST-A-R N
5'-TAAAGCGGCCGC (Not I) TTAGGCTTGAGGACTGTACTCAAAAGG-3" , 5 ¥ 3c i ik TAEH A
AT A

122 MYST-AR AR ey L% FIHEITRESMEL Y, LLeDNA BN, PCRY HMYST-A KL K,
LW AK % :12.5 pL PrimeSTAR® Max DNA Polymerase, 1.5 wL. MYST-A-F, 1.5 uL. MYST-A-R, 2 pL
¢DNA,7.5 uL ddH,0 ;3B KR E62 ‘C. PCRI=IZE1 %oBnt BEMEEE A F Pk EA T4 5 I e Tk, K H 18 - B
55 5 R AR AR F I T 5 AL B Trans 1 =T 1 5 PRS2 A5 AN, P HCER 5o B B R , U7 TR V& PCRISIE I8 0 o
123 FUREEARFEGME BRIKEBARPET-28a L K il ¥ 1E A A4 1 20 v B i ks 40 1 B4 7 XLt
I (BamH TFINot ), B2 [FIC, T4FEHZF16 “CHEHE2 h, JEHEHE = P AL 2 Trans 1 -T1 5e PR AZ A5 40, 7
T FH A B 5 A TR 5 -0 1 o I TE 0 1Y R Ak 22 KA AT TR BL21 (DE3)ESZ 25 40 A b, 4R A5 A%
FEIRTA, TRIBGIEA T BRI DN A /N2 2 B, el o L 1 Joioer 18 4 5 LD 980 30F

124 FTUERGRARES S BJFERRIKEPET-28a-MYST-ARIZE 15 5% , PRI v B o bR D K
PG R HEATIA S 30K AL M 501 mmol - L BYIPTG , 7622 CF i3 K% S HA F Ik Hishr 28 40
EA . BiE SRR MR TR G I B, A His-Tag 5 MUZ ML aifb Hishr2E 20 8 A . (il
FHIXPBSIERT , ¥4 5 24 7SDS-PAGE M Western blot4 i .

125 % uBErkey & Kol feiy Hishr s 5241 8 A0/ B, B o in A S5 2 1 o FR 58 4471
TR AR R A S o EOAS S8 A A ] G O e B e g e A ol i Y B L AAY FL AL 4
Jo BB N 22 . BRI G R RR2JE]  VU G S ) EE TR RN, 43 B MLYE o FH IR ELISA A I 4T {4
B, BRI E BEFLOD 5, M8, F15E FLIM TR o

1.2.6 % SLFBEH AR ST T R R B S AR 1 o8 4 IS B0, B BT IR 2R AT SDS-
PAGEHR K , {45 55 E B PVDF R , 4T Western blothiiE . 5% BiNSFL37 “CEHAI1 h, —Hi il H 41 5 1
JoT B 928 S U0 B W) I A5 0 22 s BEPTAR I , M BEASACA 1: 1 00045 ,4 "Cal 00 & s i fifi FTHRP (HUAR
i AL ) AR L AES TN UG, B BT 4L : 1 000,37 CHEB 1 h, ARG ECLE. .

1.2.7 FAEMEH44LIgG AL B Protein G Sepharose , ¥ IfL1E 5B R AN AT : TR A IR AW 54
PR 5 By Protein G Sepharosel A A2 mLE LA H, 4 "CIEAE3 h, HiBinding bufferit¥% , Elution Bufferi
JI, PRI S B A pH 9.0/ Tris—HCHE T pHZE 7.0, AR )5 HIFE , #E47SDS-PAGELRIIE

1.28 5% KMYST-AZL 2/ 9 T dn o€ 45 W 124 L0 N4 =5 T BUs 58+ A9 I8 - L, FHPBS
Ve, Z B W EEE 5E |, TritonX 100351k , i1 A3%BSATE37 CIRAR tHEF 130 min, —30 R/ BUBTHE LT
37 ‘CHEE 1 h, P A Alexa Fluor 488111 EH0/NilIgG, 37 °C, HEEHFE 30 min, DAPIE YL AR5 , InA
PUACHEIGA], e S R o FHZO0 A IE R Y e AL AE L

129 BFHEMYST-ALE#BRATF PO Rmp iz HAMELLETEHRERIL A b m—A 5B 5
4l Ak IFA BRI (0 SR I B A L K 5 I PBSPRG , BAE BRIE 1.2.8, £ F J5 F 26Ot B i Be Wias &
FIE = T RN ) A5 L

1.2.10 MYST-AX 3 % k& & RE#MFBEAMmeFa B Vero RN FofLR N, FE il K 2280%
A 5 A, 5%C0,.37 CIEIRA % . FFANFiamt 2, dmikik b i, 245 FL % RO, 5,
10,25,50,100 pg-mL ™ ¥R BT AMYST-A IgG , 78 53—~/ FLAR A 32 BE R AR A8 4544 m A BH 2 /s B
T IeCYE BTN IR 1 2 AR i 1 WS Ha AR, in A PMISF A 788 75 e , 00 A5 6 Fs Py ok B, ol
FEJG #E1T Western blotdiiiE . % 8 11 T _EAE i N S8 A bR o), i L8 p i Rk — 3. Hz
RO N B R RO BRI EEAL E  EE HTAR | R A B i R b IA R A T R S
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PEVUI T, 8605 L 2k A4k, P A A1 BEMY ST-APTIARAE FI T X HUAPTMs A 520

1211 5T EZAE%E  TALP2a-GSTHR 2 8 2418 1 B AE A 0 ey DT e e B2, FHPBSH4 H 43 51l i ¢
40.1,0.2,0.4,0.8 wmol + L', FAMYST—A—-Hists %5 5 41 25 1 5 AF A 4k 4 5100 52 Mk B, I PBSHR B 51
30 pg-mL™'. JHGSTE A FAE M B0 Hr 4031 FHPBSHF GSTHE i 23 36 B40.1,0.2,0.4,0.8 wmol - L7,
fii 1 PBSYE 28 X R Gl 7 BARESC R R EM Y ST-A 5 ALP2a2 i & AE A AR .

2 HEREHMH

2.1 MYST-ABMEBERERTEREHREZRIERMEE

FIHBE B MYST-A JEH R ES 9, LS T8 B RH AR B RNA 6 5S4 Y e DNA S R4, PCR
1 MYST-AZER B o 1% BB eI P Uk 45 3 T LA Sk B — 45 (1A , mBE R/ 1416 bp, 5
T R BOR/IMAST . ¥ B SR R B S KA AR E 2 /5 7 /6 2] BL21(DE3) | 48 HUSURE 47 XU 1)
YeE . FLUKEE AR, 55X R R TR 0 52 88 SOk AH LE , SR IZEAT 2 4578 b (%) 251 (1 1B), K
NS U — 3
22 EAEARMRESAL

FIF PTG 55 3R IAH 4 8 H His-MYST-A, 2lifb J5 19 5 41 85 1 iT 28 SDS-PAGE il Western blot %
WE, B A4l B (E 2) , il T IR 225050 .
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1 MYST-AERE 1 (A) R EABEZREER YW E A.His-MYST~A # SDS-PAGE 4}f7; B.His-MYST~A ) Western—blot 437
A.SDS-PAGE analysis of His=MYST-A; B.Western blot analysis of His—

YIEIE(B) MYST-A
Figure 1 MYST-A gene amplification(A) and double B2 E4HEHBRAISDS-PAGEFI Western blot4
enzyme digestion of recombinant prokaryotic Figure 2 SDS-PAGE and Western blot analysis of
expression plasmid(B) recombinant protein

23 GE/MNRILBEREI N ENLER

P47 dJ5, 20 25/ BUMLYE , FH B1HE ELISA SR G (181 3) , B bn A0 5 45 5 /s (Rl it v
0D 50, — 25 F14H OD 5, )/ (BAYE LG 0D, %5 FA4L OD 50, ) 22,1, 254 TR AR AE , BV ST il 35 7T 1
FIRLLimR .
24 HEEHERMERNER

DIBBE R S (1) 4 BB P S R i, FH e S 3R A B LTS AR N — P S 45 SR B 4, B R S E B
2 UE I T A B AR S vk R4, A R BRAE R S R4 & BUIR T LU T 225856 .
2.5 HLIgGRIKE ML R

i 11 Protein G Sepharose 75 fll 2 Hrik alifb Z 4T IMLIE , B AT 5 FH SDS-PAGE Kl 2 fb 25 5 (€ 5A) .
IgG Y E 4 (50 ~ 60 kDa) Fl2%E (25 kDa) BRI M, AL PTG 4 R H i, A RS E
Zity (B 5B)  E BT IR 2l 3 s -
2.6 TWYHRAEMLER

() 42 G PE S SIS MY ST—A £ 55 T8 HBUE b 1) 67 (1] 6) FIZE 20 A P A b g 67 (11 7)
B MY ST—A 5 HUA A 4 I 5 P9 32 0 A
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Figure 3 Results of serum antibody titer detection in mice
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Figure 4 Detection of MYST-A polyclonal antibody
specificity
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Figure 6 Location of MYST-A in free tachyzoites of
RH strain
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Figure 5 SDS-PAGE analysis of purified IgG(A) and

validation of whole parasite protein(B)
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strain
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GADPH

A BESHTEAL ; B. S TR — HUREAL; CUZ 34k D. T b ML 2 AR BT i 5 DKGE 1.0 wg mL15 9K 2.5 g mL1 5 9KIH 3.10 g mL15 9K 4.25 pg-mL7!;
VKl 5.50 pg-mL ;5 9KiE 6.100 pg-ml™!
A.Succinylation ; B.Mono/Di-methylation ; C.Ubiquitylation ; D.Malonylation ; M.Marker; Lane 1.0 pg-mL™'; Lane 2.5 pg-mL™'; Lane 3.10 pg-mL™';
Lane 4.25 pg-mL™";Lane 5.50 pg-mL™";Lane 6.100 pg-mlL!

E8 MYST-AXSHHEERRIMFREIFHN

Figure 8 Effects of MYST-A on protein post-translational modifications of Toxoplasma gondii

2.7 MYST-ANMSHEHERR#MIZEREHNZI

NS E I GADPH IR —8U5 , (45 L RE AR iz R B bk N B b B i i
BEFIBE A BB o R — A R TR 2 I, 065 R, S Anti-MYST-A IgG ¥
FERIRETIN, 1z Z 4k T Bk SR EAmEAL B R B RS U A B AR K (BRI 55 KDa &b )t f2 3%
B, 2B AR 1 O NI % R S Az R A TN R AL BRI AL B R T A i A
T E R (E8) . BT I TC I 2281k (K1 9) .
2.8 SFEELWIIETeMYST-AS5TgALP2atE E{EA

afifl Hy ALP2a~GST 520 2 (5, 4 HA B 0.1,0.2,0.4,0.8 pumol - L (96 B LAFH 3R 45 4 B4 &
A0 MYST-A-His 84185 11 57, T H GST 2 1 B B PE X B (R 10 Fn BT 11) . 25 R k7R MYST-A-His
A TS ALP2a—GST 520 5 A 8] K, {42 1.54%107, 1 GST & 1 i 5 MYST-A-His 8 41 8 (1 i
] 1Y K, fE<1.0x107*(F& 1) , W] ALP2a-GST 2 £ 1 )it 5 MYST-A-His 5 20 & 1 )5 [a] (1% 2% 1 7 LGB
PEXTHR GST # F BT 456 1 o, 3 & AE A EAE I .

3 WS

UEAFEAR, T 5 HUE 5 B e A 1 5 T A RIS BOR 22 . PTMs 7 8 FH RO TRt A v
KA BEARH, AT LU 8 SO A B, e B B R S R AR E PR, B R LR
JR I DIRE , AN [R] 2 1 26 0 el 25 A R] B A WS B A P T A R B R LA 2 7= A AN TR B D R AL AL . 8t
HIRFLRBM C A2 M A W) AL E VAR A PO B, & SRR R A S A Qi & 1)
RO, Z 5 P b s 5 AR JRAE L S i 40 18 2 2 Bl AR g~ i R o R B P T A 1
i)z 2 5 A0 HenZeoR A Gt PF 2 A U AT A AE B AL AL B A , & 15 JOE JRAE S5 5
DA i R L W2 A A 1 4% A AR W A b s A7 A, E 9B /R 25 RNA I T AR e
JRE AR BT R R RO 7 S AR B A S S R (AKDP S B Bk H A (TgA) ¥
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ALBRFAMEAL : B. S R AL CZ FAk s DT AL s ML 2B PR HE B 5 UK 1.0 g - mL' 5 VKE 2.5 g - mL™ 5 YK 3.10 g - mL™ 5 JKH 4.25 wg-mL';
VKif 5.50 pgemL; PKiH 6.100 pg-mL!
A.Succinylation ; B.Mono/Di-methylation ; C.Ubiquitylation ; D.Malonylation ; M.Marker; Lane 1.0 pg-mL™"'; Lane 2.5 pg-mL™'; Lane 3.10 pg-mL™;
Lane 4.25 pg-mL";Lane 5.50 pg-mL™";Lane 6.100 pg-mlL™"
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Figure 9 Negative control

o \\\M%

0.8 pmol - L!

¥

gg E 0.4 pmol - L7!

E % 0.1 0.2 pmol - L!
0.1 pmol - L!

1 I L I
0 100 200 300 400 500 600

7] Time/s

El10 MYST-A-His5 ALP2a-GST #E/EA%R
Figure 10 The result of MYST-A-His interacts with ALP2a-GST
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Figure 11 The result of MYST-A-His interacts with GST protein
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£1 MYST-A-His5 ALP2a-GSTE AR & Az HF b
Table 1 Binding kinetics of MYST-A-His to ALP2a-GST

At AN I1HH (mol - L71) AR R (L-mol ™' -s7) itk 2 A /s SRR
Variant K, k,, kyy Full R?
ALP2a-GST 1.54x1077 5.42x10° 5.38x10* 0.9930
GST-tag <1.0x10712 2.01x10? <1.0x1077 0.6705

I AR RE PR 8 UIAH G, 3 JUAT BRCM A= i Bl 2 Uk T 5 45 5 ot 20 R 2 F2 ik S T SE ik Ak A A
TR TR AR AR TR 7 25 3 DA OGP, 2 5 Y SR B BR A 1 A B (TgAN )Y A B 240 B o3 Ak S5 2 2
TR N BB Ui i e B A ORI D BE MR W R & il 55 A 2 27, 78 508 g ) Ty
R A2 TR Y T HLRE A 4L B 11, Feealt & BH S D B2 40 B A 1 A A A S 32 R A
A DA S8 SRR, AR R SR AR PR e R AR B A B A, S S A A T
21 S R 5 S A AR I R O AL B — R B B R B, B R A SN X E
HBCT AP EHA R R DR G 2R 5 10, AT LS e e o SO A8 AL PR e 3k, S5 Va4 40 SR 3000 e &
e A5 S e A A e g B 5 E R S T B R R RS M (A e S A D 1 B E RUUEGE R A
B, 2 R B R R B 15 PeG 456, S ¥ & 1 J5k DR e Sy ol A o R R0, AR TR
ML E R RS R, Anti-MYST-A TG Ii/0 T 8 R FLER AL 1 2 B A B AR, R e st 5 78
AR A FLER A Z AR B AT o (EAR RS, 2 Anti-MYST-A TgG B EE KT 10 pg-ml™
i, AR AR 0 2- ¥R 3 5 T S ME AL AN B 57 A A A /K ST S35 3, S S A IR AR 110 [ 8

B GE I T BT A BIF ST 25 3L, Ak SRR MYST-A X 55 I iz 4k 3EFAmEAL .9 k4L 5 i 5L/
RSB o S BRI ) B S B S 00 & BB Anti-MYST-A 1gG ¥R E W3S, 58
HAEAEE Az R AL BRIIMEIL o P 5 b TN A R A KR 3 5 (R 2 55 kDa
I8 DLEsRFH, MYST-A & [ BRI =5 8 dAE 4 & H 0932 R A JEFImEAL o0 3/ — F 5k |
N BB B i /e P4 ] BB B 0t mT B2 R 21

MYST ZKIGEAE T BAL AW ) IZ RS , SRR R B 25 # U AR R PERRAE 2 5 A0 32 R JL D
AR ZEARZ G N, CHPFIEUEA MYST &% H MYST-B 1] DLk A 58 S %I 2 Bk 4 &
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