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Structural analysis of full-length lysine acetyltransferase 7 by cryo-electron microscopy
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[Abstract] Objective-To analyze the full-length protein structure of human-derived lysine acetyltransferase 7 (KAT7) using cryo-
electron microscopy (Cryo-EM) and to obtain the profile information of human-derived KAT7. Methods- The recombinant protein
expression plasmid pGEX-4T1-GST-KAT7 was constructed by using the pGEX-4T1 vector and the full-length gene of human-
derived KAT7, and the KAT7 protein was expressed in the prokaryotic protein expression system BL21 (DE3). The GST-KAT7
recombinant protein was obtained by using GST affinity chromatography. After removing the GST protein tag with TEV protease,
KAT7 was further isolated and purified by HiLoad 16/600 Superdex 75 pg volume exclusion chromatography. The obtained protein
samples were identified by Western blotting, and the samples were screened. The protein morphology was observed under negative-
stain electron microscopy, and data were collected by using Cryo-EM. The protein particles were selected and the spatial structure of
the full-length KAT7 was analyzed with the Cryo-EM analysis software CryoSparc. The MYST structural domain model (5GK9) in
the Protein Data Bank (PDB) and AlphaFold prediction model of KAT7 were matched with the generated structural model by UCSF
Chimera software. Results*The full-length protein of human-derived KAT7 was successfully purified by affinity chromatography,
and high purity KAT7 was obtained by volume exclusion chromatography. After identifying KAT7 by Western blotting, the spatial
structure of KAT7 full-length protein was initially resolved by Cryo-EM and single-particle reconstruction techniques, and a
preliminary three-dimensional structure model with a resolution of about 10 A was obtained by three-dimensional optimization. The
spatial structure of KAT7 full-length protein was irregular and semi-loop-shaped, and the existing MYST domain model (PDB:
5GK9) can be matched into the C-terminal part of the KAT7 full-length model. The adjusted AlphaFold prediction model can also
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match the KAT7 full-length structure model. Conclusion* A preliminary analysis of the spatial structure model of full-length protein

of human-derived KAT7 is performed by using Cryo-EM.

[Key words] lysine acetyltransferase; post-translational protein modification; acetylation; cryo-electron microscopy
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MEAF6 (MYST/esal associated factor 6) . ING4
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111 EEAHF S5 DNARAH . BREIERR
W UJ . DNA % 3B . =& & BBk . Tris %
(Thermo Fisher Scientific, £ [E ), #: (Adamas,
), EAkEh . TR . RERE . C
KW, B, LBWARR SR LB BB 5: 5
BERR D hER VAW . GST Wik (it (A TAEY TRk
M4 PR &), HiLoad 16/600 Superdex 75 pg )2 bk
(Cytiva, 3% H ), B I L KAT7 B 5 B bt 1k
(Proteintech, ZE[E), FUkidmILidF & (55 MR
EIFRHEABRA T, LBRXUEH . BRI (dbat
HEEMUBEARA RA R o it 66T (Implen,
TEE), 120 kViE S AL (H5 Talos L120C G2) .
200 kV &S S HET (145 Glacios) . 300 kV 4145
S} HL 4% (5 FEI Titan Krios G3i) € [ Thermo
Fisher Scientific (&),

1.1.2 WS pGEX-4ATI Fikisk At st B84
YR BR S W), R 3% A i DHS« 16 Fh Fl BL21
(DE3) Bk A4 TAY TR LA BRA A,

1.2 8 i ik

1.2.1 BI¥A A DNAFFFINE 28 ir 514y
AL AR EER B A BR A R A L, DNA 751
D5 F VR0 o8 A e AR A B ) 52 B

122 AR E  Fl A PCR M A CE i 40 i &
(HeLa) [ cDNA 3L 1 3R1H AR M KAT7 2K 741
(ILFRFR L : 1~611) . FI FHRUEGDI J5 14 2k PR 4 A
A GST 2 FIFRZE ) pGEX-4T1 #ifk, 3545 pGEX-
4T1-GST-KAT7 H 240 & H iAok fi ] DHSo B F
P atife kL, I I A AR S TG

1.2.83 HHFEE ¥ pGEX-4T1-GST-KAT7 HAE
H # ik Bk #E b A BL21 (DE3) HAP, FKEM %R
MEGRA N EHERPMEM LB R L, T37 °CHi¥
12 he PEECATIREMA 10 mL F & HFHEZ PR LB
WY FR BT AR 3, T37 °C. 220 v/min $5 57
12 h, FREERRINA L LA ARG JR 3 b 4k s s 55, B
FN7E 600 nm A 1 WO B2 (E IA 51 0.6~0.8, 4557
TR 16 °C, JFAERE RIS 9 3E-B-D-it
FEFUBETF (IPTG), 180 r/mink%3% 12 h, Bi3Rs5gke
JETE4 °C Tl i B0 UK . R B 3R3K U GST
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FEFRZE 1) pGEX-4T11E MR

1.2.4 KAT7TE AL H N 0 e - 22 vh
W : 20 mmol/L Tris-HCl. 150 mmol/L NaCl. 1 mmol/L
=R L F B (tris 2-carboxyethyl phosphine, TCEP),
pH 7.4 HHICEE A TRTATE ST 2 i r 1A 7 P B
F4°C, 17000xg F&.0> 30 min W4 FiEw, 1E
GST ZEAZ BT @354 - & 20 mmol/L 4 It H Ak i) °F
fis gz gt AT alifl . H 10% (@) PR I g 458 g 3 3k
T e RE T R B R DN U T i BE RS FBL UK (SDS-PAGE)
XA AT A TR, FRVKES RS AT S s i e
I KAT7 HeiA A7 8 ER BT (Western blotting)
O3HT o TERR ARSI AR R B ZI95 5 (tobacco etch
virus, TEV) HHABVIGR GST HEFAPRZ:, i AFHE
FH {732 HiLoad 16/600 Superdex 75 pg %45 [ A% i i —
AL IR (A o FFH Western blotting K5 56 8
FLlRE , o FHAEGCRR AH XS 431 5T 2 2 100 000 (14 ik 45 4
P AR 5 TIRAE T URAE

1.2.5 HEMHEMSEE Faift)s ) KAT? 2K E AR
Y Ad I PBS 23 i B £ 0.2 mg/mL ., 2 mg/mL, Jf&
Tok & o it DR R SO B 2 (i B4
M) AT SRR AR TR, IO B 0.2 mg/mL (18 A
i 2.6 WL B 7S EME4AR M, #E 3 min 5 HIEL0N
] D ih W B 22 A it o IR 3.3 L SR Sl AL 0
SN L IR IR AR BR 2 R YL, TR MERAE
Wo Vel I E S min, (4 PRARZE R SE 4. 7
Y58 B B AR R i TR IR TR A . RO
2 mg/mL [ EE AR 2.6 WL, TERURSIFE R g0
WS CIEHATV VR B A R Al i B o Rl VR 52 U
R TR A DRI

1.2.6  FmlbcE SERRg (T 120 kV &S BT
ZEHE VA ARG, IR BN ORI R 5B . JE
200 kV {2 VR ST LB ESE FUES, IR Pkt 43U Fi
VRIS B RE S AT RIS o [T 300 KV ¥R TRz
STHRBEHITEAWSE, HXSECh: BER =
0.525 AR, HFilE=40 /A2, BOLRIRI=5.5s, i
1724 WEEsc S, A 3 336 Ik R R L B S .
1.2.7 PS8V U H 4 B Ak E R
CryoSparc #47 BG4 BRI 25 BUMH B 1Y —4E 2544 . ]
e L 23 (] TR [R] 43 B 50 J2 v 2 ANl ST A TR 2 A
AR CMEAL T = eSS R 0 2 P R RS 1Y 254
14 25 8] 43 B 28 08 SR 1 5L 52 )2 CHK PR &L (Fourier
shell correlation, FSC) =0.143 B} (125 [A] 471 5 A8 {21 45 .
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fii FH UCSF Chimera 4% KAT7 £ 51 5 25 1 o 45 48
J& (Protein Data Bank, PDB) A KAT7 7 1 C ¥
MY ST Z5 3 7 SGK9 DL K N T5 58 2 5t AlphaFold
TR A T VT RC 53T -

2 R

2.1 KAT7 4k 54
SIBUR R IRAY S W I ol T 2 O SR L
GST%E{%%E@pGEX-ﬂlJﬁ*ﬂ’@}%kiﬁééﬁ
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KAT7 s 8 H R AR (B 1A) o ¥ pGEX-4T1-
GST-KAT7 %% fb A K ¥ A W 2R 11 3% 38 18 & BL21
(DE3) ki KAT7 #1351 GST &Mz
WAk GST AR KAT7 8, Falifb S 2
5 i i SDS-PAGE 73 8§ M 7% Hy 58 s Y (0, 47 48
. H W& 5 GST-KAT7 (A XF 4y F 24
100 000) o7 B AEAT (& 1B). FRA5 40 BF 8 55 ) GST-
KAT7 5, i/ TEVE ARG GST A%, ik
T R FRUHE BH 0 3 1k K A5 4l 4K R KAT7 & 1
(I 1C), HEH HIERE N 65~70 mL. %07 & T A1

A

2520

_I:I_

GST-tag TEV site
B
Marker GST-tag GST-KAT7
250 000 s
150 000  w—"
100 000 — W———— GST-KAT7
70 000  —
50 000  —
40000 —
35000 —_
-7GST tag
25000 .
Elution volume/mL
Marker 65 67 69 71 73 75
250 000
150 000
100 000
KAT7

70 000

50 000

40 000

35000

UV absorbance at 280 nm/mAU

KAT7

80

60 [

40t

20+

60 65 70 75
Elution volume/mL

Elution volume/mL
Marker 65 67 69 71 73 75

150 000

100 000

70 000

Anti-KAT7

Note: A. KAT7 recombinant protein expression plasmid construction. GST-KAT7 recombinant protein expression plasmid containing GST protein tag with
TEV protease restriction site was constructed by using PGEX-4T1 plasmid. B. Expression and purification of GST-KAT7 protein. The recombinant protein
GST-KAT7 was expressed by Escherichia coli. BL21 (DE3), and the protein was purified by using GST affinity chromatography, while expressing the GST tag
alone was taken as a negative control. C. Purification of KAT7 protein using volume exclusion chromatography. The KAT7 protein after excision of the GST
tag was purified by using volume exclusion chromatography HiLoad 16/600 Superdex 75 pg, and peak samples were collected. D. KAT7 samples were
separated by SDS-PAGE and determined by Coomassie brilliant blue staining, and the gels were photographed by using visualizer. E. Western blotting assay

was performed on KAT7 samples to determine the purity and specificity.
1 KATTHFRES 4L
Fig 1 Expression and purification of KAT7
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Xt 4% F i HE 44 000 5 158 000 W ERIRE I 2], 5
KAT7 & H TR/ (2580 000) AHAT. XF e 5]
M) 25 11 RE 5 34T SDS-PAGE 43 55 K % I i 2% W e (1,

(D), FfiH KAT7 Htf&ki#E4T Western blotting 45l
(E1E), HESEH 4 KATT 2K E M.

2.2 KAT7 W HLBE B A Y5 — 0% )
R R S M KATT 2K E A )G, B
F, 5 O 308 I 6l FH ¥4 % s B R R R B BURE 43 BT 4R 15
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KAT7 i = ZE 25 PR AL o Tl A DO 2R 47 5 7K b Ak 31
Jo .l KAT7 285 0 B S0 B e 1, (8 FH & g
frjea, it 120 kv 5 g ] LA E KAT7 84
Loy BB Ay, (R — PR 2, R B AR R 7~
10 nm (& 2A), WK T KAT7 B WU R R, #IA
KAT7 2K E A RENEEIERAERE, SRSl
BEHEAT R AV URTEIRE , 11 200 kv ¥4 VR HL B2 UL %%
KAT7, W] UL KAT7 fER RS T HAR N 4~6 nm, 473
MO S — M e E S R AR, IS BB AR B 4T

B

D E

n/2

Elevation

=3n/4 -n/2 —n/4 0
Azimuth

.....

- /4 w2 3n/4 n

1

Number of images

FSC resolution: 10.01 A

1.0
08k —— No mask (12 A)
—— Spherical (11 A)
—L 1A
L 06F oose (11 A)
%]
==
0.4 F
02F
0 ) X %@%ﬁ
DC 34A 17A 11A 84A 67A 56A

Note: A. The representative negative-staining electron micrograph image of KAT7. B. The representative cryo-electron microscopy micrograph image of

KAT?7. C. Representative two-dimensional class averages obtained from electron microscopy particles of KAT7. D. Angular distributions of particles for the
final reconstruction of KAT7. E. The FSC curves corresponding to the KAT7 three-dimensional structural model. The DC term is 0 Hz and is equivalent to the

average of all the samples in the window.
2 KATTH)R HBES
Fig2 Cryo-electron microscopy analysis of KAT7
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(1 2B) . #E—2fi F 300 kV & VR HL BT A7 246 1 RS
Bmuse s, JIE 3 336 5K E 1 &M% ; fdi ] CryoSparc
B4 o AT A 300 A BB AT A SR S AR TR 0T
TE M\ KR, KATT 4K 8 1A 45 A8 R AF %5k B
i, FARRINHERAERN CIE (K 2C), @il kit
TR ol — 24 T A 1% JOURE BRI 7 25 [R] 45 1] b oA 15
(F2D), &t =4idEd S5 — L iifh, RZakE 0
PER AN 10 A 1) KATT 4 K B 1 = 4 45 i 1
(K2E).

Front Left

2023, 43(9)

2.3 KAT7 & K& 8L 5 b

XFAE B KAT7 4 K G5 A AR JE 1750 B, KAT7
EHBRANL N 70 Ax60 Ax40 A, #EIKFL M N C 1Y
ghtl, A AT P B (1 3A) . i UCSF
Chimera %X 1K KAT7 #5574 5 PDB 4045 /& 1 i) KAT7
HH C i MY ST &5 F U R SGKO AT UL, W LA
F| 5GK9 5 KAT7 4 K A5 R Jy i 4R 5 K/ B — 5
(KEI3B). ¥ KAT7 #5274 5 AlphaFold il Jlll #5 74 #H IT
B, AT UL Y C o o G5 ARAE I N i o Jo ik
DCFC, (]S T30S 2 N S Fr) G 235 48 T 7 4 AR

A
Back

Bottom

Front

Note: A. Surface view of the electron micrograph density map of KAT7 shown in six orthogonal views. The three-dimensional model size of KAT7 is denoted
on the left. B. The crystal structure of MYST motif (5GK9) was docked into corresponding mass of KAT7 shown in three orthogonal views. C. The AlphaFold
prediction structure of KAT7 was docked into full-length KAT7 model. D. The N-terminal structural domain (amino acid residues 183-335, yellow) and MYST
domain (amino acid residues 336611, red) of the AlphaFold prediction model were docked to the full-length KAT7 model separately.

3 KAT7T£KEMDH
Fig3 Full-length KAT7 structural analysis
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FREEH] (K3C) ., 28 AlphaFold i il £ % N 3 fr)
TFEER (R IEMRARIE 1~182), R4 N i 45 4 ok
(FILR I 183~335) . Clig MYST 454438, (E LR
BRI 336~611) 4355 KAT7 BRI BEATVC AL, ] LA
%2 %] AlphaFold Tl il £ 5 5 KAT7 4> AR 78 B 9 UG i
(F3D) . oK T A A% 50 R 350 00 A5 750 6F KAT7 4>
KAEARIGEATVC L, 0] DL & B KAT7 4K 8 A 19 C i
MYST SR &5/ Rz, N i (14 JC 3 45 A6 76 ¥ R AR dieik
AT IR 2] . 4K KATT7 /9 N i 25 4 3 35
T MYST 3 5 BRPF S5 4 B 25 (A9 45 5 i i, X Al
fiE 5 2K KAT7 i i M AR T 5080 MYST S5 % 1
K.

3 idie

VR 4L ER 1 C R R MY ST S il L R0 R 5
KAT7 7E 4 Jif J&] 11 55 356 [N 5 S 25 0 TR R R B 22 AR
TE 22 W 35t A% 27 Ko Jib Jd 27 40 358 32 3] 1) ¢ 7 H £5 4
7, KAT7 B C 3 MYST 38 ©) 5 22 T2 1145 #4954
P tre22230 1 E F AT b R A K B A R AT
WAL 50 A KATT 2K E A 45, X T4 78 KAT7 H
SISO S R T AWt R
KAT7 X} DNA 5 ifil] e 35 PR % 5 g ELAA R 5 BL ) A7 o
TR,

KAT7 & % %f 40 % (4 H3 . H4 YE17 2 BEAL &
JE R DNA & il FIFE 3 5, Rl HA 72 2 1 Bz &
o, T MR EFESREDREZR/Y
fiE . KAT7 Z BES: B W 5 A 1k T LL7E DNA & il
FVG SR BTG (A b A R AR AT, (B KAT7 A
Il 76 FH 0 ELAA LR, U 1 il 0 1 9 5 L o
IARTERE ., HFgs 2 £, BphE) MYST 4544 35 L
KAT7 &K & H 1 OB M e, X R
KAT7 /4 N g 8 43 A] GE 0T FLpg G vE AT MR /E A 2
M T KAT7 2 K EH SR EE, EA45HAE
A XT KAT7 [ B i 16 4 04 08 755 ML e A e B B
() KAT7 2 (45 g Vo2 259 MY'ST &5 #4935 14
ra R SEAT, X AT RESE T KAT7 B T 450 I 3
PE#EHE, MELLE o R 2= AT 5 A A AT, R FRAT)
Tk P R FH 0 A A 3 T B 1) 2 U FL B B R 4T KAT7
MK H S5 B . 3 300 kv 72 TR HL R IR 2
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i), M CryoSparc #4FHEA T BLBUR. = 4E Y, #7)
AR T KAT7 2 K E AN SRR, AR 40125 1)
SE AT, KATT BARRI R CHIZERY, H N Al C
Uiig 8 4> SR I, I P A3 A A S5 R A s N
Ui AT TC T A5 R O R o il B A 1 MYST
45 My 5%, (PDB: 5GK9) # AlphaFold i ] 45 ¥ 5
KAT7 4 KA R JE A7 VE /L, o] LA & 38 MYST 38 5
KAT7 4 KA ALY C 3 VL, 17 N it 245 4 3ul ol 55 1
MYST sk, X v GERHAT T KAT7 5 HAth 4 B 2 11 A 25
G, JFE KAT7 44K 8 R I R IR T R sk 9 MYST
SER RGP Y FE IR SEg g b, AT L alifk
KAT7 # J8 1A & 11 5 75 71l JADE 8 BRPF 45 4 By 2 11
(4 75 UK 3 KAT7 fE A 261 N il vs o, i — 20
531 KAT7 N I fr % 45 1) BAR D e LA e KATT A B 4%
R A X S M S )

KAT7 A S A% 43 F it 0N, Hzs gy B
—E TR E S BOA UR L BE SAT  URE Pk 1R A 2D IR
BORRME, PIRES BRI EALSER . B AHE
FEAUK KATT (010 S5 R AERL R o 1 S5 25 A AL A
A TR bT . A, KATT BBk 2h 44 Al fie 5 40 i
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