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[(FEE] BH - PTG AR T AP midasin AAA-ATPase | (MDN1, X#kReal) FE[FELEM. F7i% « T CRISPR/Cas9 HE[F 4
55 1% Expi293F 4iiifd N il MDN 1 28 1 3 Y 24 35t A 3xFLAG 2lifbAr%s, SR ANTI-FLAG® M2 Agarose Affinity Gel 5 #1211 Hh
PR BE B0 Y Ry B Ak B R R T G e e 0 A BB R R BRSURE (single-particle) FE A AR RS IR MDN1 2 [ 454
LER - FIHZEFNZNT S8 B 8 0 I B Al AR AR A S B | 38— MR i A UE MDN L 2B FUTORE St R R Rl S e (5 R HT 120 kv
AT T H AV A MDN R4 254 .S58 - R FHSRASUR S B RFE 22 1 AN U5 MDN 1 2 [ B AT 43 3 1 17 A
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Electron microscopic study of the human MDN1 protein

XU Yun-tao, LI Ming-yue, LEI Ming
Shanghai Institute of Precision Medicine, Shanghai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200125, China

[Abstract] Objective: To study the structure of the human midasin AAA-ATPase 1 (MDNI1, Real) protein by negative-staining electron microscopy.
Methods - Using the CRISPR/Cas9 genome editing method, a 3XxFLAG affinity tag was inserted into the N-terminus of MDN1 in Expi293F cells. Tagged
proteins were isolated via affinity purification with ANTI-FLAG® M2 Agarose Affinity Gel, followed by glycerol density gradient centrifugation. The
purified protein sample was then subjected to negative-staining electron microscopy and single particle image analysis. Results: The FLAG-tagged
endogenous MDNI proteins with high purity and good homogeneity were obtained using affinity chromatography and density gradient centrifugation.
Preliminary study on the structure of human MDNI was achieved by 120 kV electron microscope after negative staining with uranium formate.
Conclusion * A low resolution model of human MDNI1 protein was achieved by single particle reconstruction analysis.

[Key words] MDNI protein; pre-60S ribosome; ribosome maturation; negative-staining electron microscopy
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ARG, WEREke A B8 225 4F (Shwachman-Diamond
SDS) . 4 R ¥ M b A R (dyskeratosis
congenita, DC) %5 ', TERZ S 5IHPEAZAARL LM &
H B A 7, AAA-ATPase (ATPase associated with
various activities) "' ZEIEZ Bz R E M —FKE T,
I AR Be 2 5 BT IO [R] # pre-60S
WEIR LR IR T, HESI WA 0 G B . AAA-ATPase
KGO HA 2 TR RRAE . H— 2@ R T 9 b & A
LA EZ ARSI AAA G5 K30, AAA Z5H S B ATP 7K
FR I M, B K A ATP 345 R ok & # AR FR g
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PARIVER, BH LAY 2T K doughnut-shaped f() 7S SR FRIR
5K, XORILR A BTIRE A S5 A LA 1Y L R R RE
(Saccharomyces cerevisiae) "', 4 3 Fl' AAA-ATPase & 5
pre-60S % B 1K 1l #h i #2 , 43 %) & Ribosome biogenesis
ATPase Rix7 (Rix7) . Developmentally-regulated GTP-
binding protein 1 (Drgl) FIReal "', Rix742% 14~ pre-
60S H% B 1A H B A ) AAA-ATPase, %2 5 41 %5 A
NOP seven-associated protein 1 (Nsal) Fgjg A 56 1213,
Drgl FEAEMTTH REVER], fEdk2a % 5[l Uy i
Real fi£ # Pescadillo homolog (NOP7) pre-60S complex
#1 Pre-rRNA-processing protein  (Rix1) pre-60S complex
WL R TR, 2 pre-60S AR TEAZ A DL A% BT,
BT SRR D

[P B %] https://kns.cnki.net/kems/detail/31.2045.R.20210429.1322.002.html (2021-04-29 16:11:07) .
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¢ b3k 3 Fft AAA-ATPase 1, Real 110 76 8% P4 I8
pre-60S W IAZH 3 F RO B2 I T, HLRRIR .
PR AT RESE T, TR A A AR X KB WA SRR K
By 52 172 S SR B, Real AY metal ion-dependent
adhesion site (MIDAS) 54385 pre-60S Z A 24 H T
Ribosome biogenesis protein Ytm1-Erb1-Nop7 (YtmI-Erbl-
Nop7) K MIDAS-interacting domain (MIDO) &% ¥4 45 #H
HAER, Real 5 Ytml M pre-60S AZ Wik [ Bl i ofe 116274
I AN A % 3 Real 7F Rix1 pre-60S B M4 £ AR &7, I
L3 5 3L ATPase FRAR 4544 38 5 Rix1 pre-60S A% Ml 14+ 1.
Y el it KR EELER (Schizosaccharomyces
pombe) [WEANME RN, ZEATTH 61 AAA S5 FYEL
BEER (linker) . KA/ AR (D/E) LK MIDAS
S5 R B L 2 38 if AMPPNP Al ATP-ribozinoindolel
(ATP-Rbinl) 2 FiA [FRRZS B FE A& 8L, MIDAS 254 3
] BB LI A AAA P55 pre-60S BB (19 4150 HT HLAEHT
MTTA 5 Z2 R0 2 53 pre-60S AR 2

Real 7£ A U5 19 [A) Y5 25 F & 4 midasin AAA-ATPase 1
(MDN1), &N 7 s KEARZ —, 2K
55 5 596 DA SR FR AL, H X 2> R A 632 000,
MDN 1 7E pre-60S A2 MK i & #5535 E 5 |21 /E
EJE AR SCES A LR ) 2 I Y e e, AR R AR B 1 BRI
T IRATTXS pre-60S M ATEAZ N WL LA SRS e i 2R . H
B MDN1Z5FFIZNRERY T i, BRI T X RS Real Y
W4, Kk, @ AJR MDNI (8 L BTgsie, X
B HE A N 90T L 3l 99 MDN L IR 5 pre-60S A28 4 i
PO FALEIA B AR B E L ANE L
YRR AR R, A2 K AR MDNI1 & i
FE&h, A Bh 120 kV 35 5 HF B R AN B0 (single-
particle) FEAYFAR, A5 T MDN1 & H BT 5 e = 4ELh 1)
TSR, R JS LA AT = 7 3 MDN L 25H 3528 T IR SEAYFEAL

1 RESHE

1.1 eE kR

141 EERGMALEE =R LA e - R TR
(Tris-HCD) . & fb#1 (NaCD . & fbEE (MgCL) . H i
(Glycerol) . Bt 7 i 2 (DTT) . 20x i B8 2% np W
(PBS) . Bhif-20 (Tween-20) ¥J0lg H g4 T A Y TR
INF], cocktail 4 [ Hi -+ Roche 22w, BRI VEAZ 2 PN LI .
T4 DNA #4418 A 55 |5 Thermo Fisher A w), 4= IiLTE
# H . dulbecco’s modified eagle medium (DMEM) |
ANTI-FLAG® M2 Agarose Affinity Gel 2] [ Sigma ( |-
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W) AH], ETRYIR IR B CELL-WISE /A w5 ik
DAL, B EEL.O LI B 92 E Beckman Coulter 28 7], ¥
IRE DAL A 15 [F Eppendorf /A F],  HE KA S Ik A H
Bio-Rad ("P'[E) A+, 401Ul {35 E BD A
Al TR L A O B A Y W
Thermo Fisher 24 &, OB 5 IL R A B 5 B 4
ZEISS /3w, e LA 9 1 1 b st s BHUE AR BRA A
B AR A 36 [ FELA H] o

1.1.2 A, EHRM4M  pX330-mCherry 24 . pUC57 %
1A . E.coli DH5a B Fl' . Expi293F 40 g 44 th AR 5286 55 {7 A7

1.2 98 rik

1.2 5194 R DNA J¥ 51
ARABRA F) 581

1.2.2 BRI EFXF MDNI 3R (1 50985 3340 &
sgRNA HU/ 15 (cac cge aag aag tgc tcc atg acc ¢) U547,
HMB K %A pX330-mCherry 244 7, 4}y CRISPR/
Cas9 224t ' gRNA Fik Tk, [R] i #4) i — Bt & MDNI
R %S F LU 1 kb FER41F 51, 3xFLAG %
(tag) (DYKDHDGDYKDHDIDYKDDDDKGGSG GS) i
P45, PLRCTE 1 kb 3 AP 9 AR 51, % A
pUCS7#8M4, 13 CRISPR/Cas9 R4 1558 Ak .

1.2.3 FLAG-MDNI ZH i #k#4 & ¥ CRISPR/Cas9 & 4t
19 sgRNA 3k Bk A e 52 (b4 SR [ 5 4% % Expi293F 4
i, RAIDMEM (10% FBS) #53%, 48 h)gibfriis
P&, K mCherry FH 440 i 5 5 B 43 16 28 96 FLAR . X A7 T
ML HEAT AR IR . AT A IR 2 — e B fe iR
e R k17 R A 5% U (polymerase chain reaction,
PCR) ¥ iE (MDNI-FLAG-for, CTC GGG GTG AGG
GCC CTG GGT CGC CAC CAT GGA CTA CAA GGA
CCA CGA CGG; MDNI-doner-rev, ACT CAC CTG TCC
CGT GGC TCA CG); 24 2L# W FLAG ki 17
IR ENIE YL (Western blotting) F0E., BHYE4UMY KE: 5%
EREVPIRE, BRI ERIFR R, 37C.
5% CO,. 140 rpm 518 T 3555 . 76 40 M %5 B 24 R 3%10%/
mL S0 RIS, e i T A B alifl .

1.2.4 %¥E9¢)E (immunofluorescence, IF) S5 3T
24 WA R AR b B RE SRR, 4% Z R
1% 28 5 [ %E 20 min, PBST (PBS+0.5% %2 My LK
JE®E, TritonX-100) AbF 15 min, M (5% BSA+
PBS+0.1% TritonX-100) 3} /] 30 min, fll FLAG —%i 4 °C
BEE SR . HPBSTYE3 WK, ML =40, =ikEF 40
min, ZJ5 HIPBST 3K, /N DAPIZE Y 4 5 min, &f

Yyl b v AR A
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R,

o ZJRTedt R A BE EgL .

1.2.5 MDNIZ&EHAF4ifk ik HBYE A0 Expi293F
40 1 000xg 250> 20 min, ¢ 7, A E bR
(50 mmol/L pH 7.5 Tris-HCl, 400 mmol/L NaCl, 1 mmol/
L MgCl,. 10% Glycerol, 1 mmol/L DTT, cocktail) &,
K IR R AL AN, WA 1 2 A i . 20 e
i J5 25 39 190xg B3> 50 min, HU 3% 5 ANTI-FLAG® M2
Agarose Affinity Gel 7£ 4 “CIREIER IR 4 h, Gel FHUER
ZE (50 mmol/L pH 7.5 Tris-HCl. 400 mmol/L NaCl,
1 mmol/L MgCl,. 10% Glycerol. Immol/L DTT) #2244
T, 1 200 ng/uL FLAG Peptide 19 i 28 #h ik
(50 mmol/L pH 7.5 Tris-HCI, 120 mmol/L NaCl,
1 mmol/L MgCl,. 1 mmol/L DTT) Vel HAY%E )i, #&
BT FH 100 KD e 4 4879 45 22 200 pL, 383t 10%~30%
T BB R B0k, I SWe0 %1, 184 500xg, 4 C,
14 h B 2L HIE R Z500R 75200 pL s, 28—
Jor. KL 12 M - 2R VN M I e 5 S HEL UK (SDS-polyacrylamide
gel electrophoresis, SDS-PAGE) Zr#r4e HIWE R,
1.2.6 HHABRHASWEHESEE B T2 Ing £
HH), WSS TIE R R AL B Z 5 A B B AL, AR S AL
FOT UL BRANT o B S UUTERE G L BRAE AL R 2575500 0
TritonX-100, ZHEFHRILE L —FE (Nonidet P 40, NP40),
++ b B -beta-D-ZZ SE M (N-Dodecyl- B -D-maltoside,
DDM) 4. ZJa BOpisfgtean, hibeiett, HIBRE
filg, 37 CHEMEER . doeJm X M i A AT e Eh Ab B, 5
o R 3 - R B BT % 7% (liquid chromatography-tandem
mass spectrometry, LC-MS/MS) AT/ #7; ik i 154K
P22 3 Proteome Discoverer 2.3 ¥ {FH1, fii F] UniProt %
YaZEHF A9 N (Homo sapiens) 25 A R EUE FEHATRR
1.2.7  SOQRE il A . BRI MR R IR R
A4 (uranyl formate, UF) FRB & g )] 508 IF H 0k
JEH AN, SR HAE R R e AR B
AL BRANE ¢ X BB R HEA T SRR AL AL BRE , H3 wL AR
P BTV VRO TR RS I, IR 1 ming B AT DR R4 1)
MG L Z AR MW, N 10 pL UF @ (p=
0.75%), PE2¥K, Yefa 1 min; FHIEAEIN 2RIk, =
W5 BT AR A T 120 KV B ST AL OISR, i
RAFHECBLE N 57 00045, RAEHBLE N -1~-2 pm; BEHE
RF it JORE S IO A 8 — PR A 1) DX SRR AT R U B o B
S ) FH &S s b B AR /2 EMAN2 7 F RELION 200 %o} fir g 4
(BT L BRI 7 2 — A = A

1.2.8  MDNI # [ it 45 4 ] [-TASSER (Iterative
Threading ASSEmbly Refinement) & H1 %5 8RR K24 & By

http://xuebao.shsmu.edu.cn

FELR AR 1 A5 A 5 D AR A0 iy T BV, T v i R AN A
LU 2Ry 910 T LA 1o, 6 AL 8 L B4 i . B RE M
PDB (Protein Data Bank) Z#i A HLRUI A5t #iA , i i Ak
TR 1 B R A i S B M S AR, 5
i o 4 1T T BE A 7 BioLiP %) 3D A F Bk fi Ak, AL
M HFRATIRE . BT MDN1 K, HXFH 64>
AAAZERBRIEN , AT A9 AR 1 BT = A5 A T A d

2 &R

2.1 &kt Py 4 ik FLAG-MDN1 i 41 bk

AJEMDNI KA 5 5 596 MMk, T mi
K, BT e RERISME TR MM R R &, BRI IR ATR
XF Expi293F 40 il A IR s A PR 25 19 7 ik #EAT NI GL . TR
MDN1 % 4% (19 N it A FLAG A28, T2 (&
1A), i i CRISPR/Cas9 % Expi293F 40l MDN1 FE[H 44 N
st AT R S B V), PR A A FLAG bR 918 &2 Akt
e, SR A NI AR 538 mCherry B 1 58
Expi293F 4 I E 715 9% o KA ) B0 5 [ 40 i Ak il 22 6 1A
21 DNA #E47 PCREIE, #5531 40 LR & BE % AR A5 i
55 5P PCR ™, Ul W AH 7 9 20 LBk O 22 d A B
FLAGH-% (1 1B) . #F—2, FIH FLAGHTR x5 44 iy
ZLH W TT Western blotting 4347, 25 5 7 FH M 7 B 410
MRk RE S A 2 H i 551 (KI1C), FMH A NG FLAG
FR%E I MDN1 2 (15 0] LLUIERfI 35 . 3 Ah TR ATt R H IF
AR, Kl FLAG-MDNI1 [y &5 fisE iy (K 1D), Lk
3PP A BRI vk, ABIESE FLAG 4lifbAr2s /£ MDN1 2
0 N I I A, 4R A5 1E # % 15 FLAG-MDNI filt & 2
4 5 ) Expi293F 21 itk

2.2 MDNI1ERMM2ik

Xof s 255 v A Ty 1) BV 20 R RR R A T R BT R R,
WeHL 6 LANME (29 1.8x10° /N 4i) FZ % iR T,
KRS e R 2 . 20 R R A v e O B
i, MM ANTI-FLAG SEFUZ M ki3 H & A . 4l
Ak & 4 1Y 25 11 SRR i R FH Western blotting FIAR Yt i85 1k
HEATREI (BI1E. F), ESEA3 3 AR 2 B E
4 5 FLAG-MDN1. 4l fb £ 5 R AR L4 500 10%~
30% (14 H T 1 25 B A B B Ik AT e s gk, 2
Ft VR R R AN A — P s R R B0 SR AS AR
200 pL/AF AT A0 CSE , iE i SDS-PAGE Fl4R 4L % 7 AN
[ O E 20 4y, S Bl o AN 4 — Pk 0 R i FH T I
s (F1G, fLiE9~11).
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170 kD

Prothymosin

Merged
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el i |
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170 kD

Note: A. Schematic representation of MDN1 domain organization. FLAG tag was inserted into the N-terminus of MDNI1. B/C. Verification of the knock-in of FLAG tag by
PCR (B) and Western blotting (C). NC—negative control; F—FLAG tag knock-in cell lines. The arrow indicates expected PCR products or protein bands. D. IF detection of
endogenous FLAG-tagged MDNI protein. E/F. Western blotting analysis and silver staining of purified FLAG-MDNI. G. Silver staining of protein fractions after density

gradient centrifugation. 1-20—protein fractions.
1 AJREMIEFLAG-MDN1 & B R4t
Fig 1 Purification of the human endogenous FLAG-tagged MDNI1 protein

2.3 MDNI1 S P16 4 o BB B HE i 4R B0 i i 4t
FEARAS = 2l B H 4 —MEBCAF ) MDN 2 TR A S
SR FH 67 2 00 FEL B A N BUORE FR A A 0BT G B B
AR XA D AT R KA T, AR i O R e
WW, 2E4AEPRIEM (UF) Yef, @it 120 kv B
HLBENLEE , 45 R IIAE e S e S R 2R 1 VR S 33
WKLo HOME R — PR (B 2A) o KSR AR
K&, KEZ29 nm, AU F 8K/ NEARF (K
2A) o 4 HSURL Y TR A 1] R JE , AT g & MDNI 4 1 5
6 AAA SIS . FATITE 57 000 R FEERAT T 4
WO LR 103 5K, 18 EMAN2 5/ FFah Pk ik, 4t
Pii 16 103450k, 2 J5 {8 1] RELION #1147 — 4k 5328
V¥ (2D classification) ( & 2B) Fl = 4 4+ 2& (3D
classification) 1148, Z5HFI MDNI1 25 [ S54RI B
(K2C), MT =4eEmtbiy Bk f o mds] (K2D).

2.4 MDNI1 & i #6454 5 B

e B dE o — A 20 = 4E G fk 4 B (3D auto-
Refine), HZAR 7P Y) K 45 A (1) A MDN1 25 [ Jit
T = AEGE R (K1 3A) o BEANEE BT R/ 140 Ax
170 Ax340 A ([&[3B), ARSI O 40 iy BRI 1Y
MDNI 2 [ Jf AL > B4 BF5E 3l MDN1 & H
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A 64 AAASE R (E 1A) 1, {5 B I-TASSER 4k
PEXHZ ST, S5 R E PR (B13C); #t—%
Xof HE 4B 45 L 38 43 UCSF Chimera ™2 [ S VLI, KB &
T AAA Z5F9 3 7E MDN1 25 14 [ £t Yo 45 A4 52 780 o (14 437
(K 3D) o B FRATT MY T Y = 4 455 Y A Hiz 38 19 12 FF R
MDNI (2 RS AT HU RS, BRI 1 AAA S5 44 35k
FEREARGE R P S22 (B13D) 24, it — b3k
A MDN 1 25 [ 5 25 B4 72 I R AN 2 T2 8 M AR ST Y -

3 idig

M FAZME TR A0 ) e, R R G R —
AP R G — AR, A B R,
AAA-ATPase 7£ pre-60S B A U i B R 5
BAEM M, R4S MDN1 g A — PR dkiE, WA Mo
HAE 2018 4F & 45 T B 11 UH MDN1 1Y 7 40 H R g Ay (24250
{2 AR MDN1 S5 oT i R 921, H AT M AR Al &5 43
PEREEM R GE , XBRE TR B MDN1 7ML i
pre-60S AR A B P rf R SR TR 43 FHLE A R . B
SREFEIRT 5 43 BRI BEE 5 N MDN 1 2 [ 5T /8 e 2
SR —E ORI, A RSN R AR MDN1 7E pre-
60S FZ Ml 1A LA A TP S A LA AT BB TR TR],
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Note: A. A representative negative-staining electron micrograph image of MDN1. B. Selected reference-free 2D class averages. C. Reconstruction of MDNI protein shown in
six orthogonal views as indicated. D. Angular distribution of the particles used for the final reconstruction.
2 GFBESITMDNIZEAR

Fig 2 Negative-staining electron microscopy analysis of MDN1

o S &y
ES x o
y

S
o

Fourier shell correlation
(=]
[=)}

Y

SV
N
0 | 0.08 0.12 0.16 0.20 N
Resolution (1/A) 140 A

340 A

Note: A. Gold standard Fourier shell correlation (FSC) curve of the final reconstructed electron micrograph map of MDNI1. B. Surface view of the electron micrograph map
of MDNI1 and its volume size. C. Predicted atomic model of MDN1 AAA domains (amino acids—307-2313). D. Docking of the predicted atomic model of AAA domains into
corresponding mass of MDN1 shown in two orthogonal views.

3 MDNIZRAR=4ERF AAA B K E R

Fig 3 Three-dimensional reconstruction of MDN1 and localization of AAA domains
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AHEAE A A L R R A P2 55, 9 an e N\ TR 44t i
FF MDN1 BE % # SUMO 1k i1Y proline- , glutamic acid- and
leucine-rich protein 1 (PELP1) 3% & pre-60S #ZHE{A 2,
PRI, i B AU MDN 2R 5T 45 74 8 T i) B e 2L 3 )
MDNI1 AR T RE R CHLHIAT B2

MDNI #H [ FaAEw E R, AMNEREA —EMN
MERE, I HURE ORGSR AN TE B 2R FH fb PR 45 40 A= 1 27 O ik
PEATIEMT . B AFRATAE Expi293F 41 f) MDN 1 2 [ i (14
N it AR AN AAb R 2E FLAG, S B MZT S a
SlUARAT i EAT HUBE A A AT o B 8 R R B UKL
I F AR (single-particle) , 315 T MDN1 2 H B AL 5 #¢
YRS . WEERAE B, MDNI 1945 F4 76 U5 20 i
FRERE R ECRIRSF I o I8, FRATA A 45+ Tt A
Jr RIS, W E N IR MDNT ) AAA S5 38 7E
REARGE R T A 2 07
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MDNI 4E b FE S AR 80, 6 LRI 200 B 8 H il
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FHIG 250 et
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