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Abstract: [Background] Restriction endonuclease M/u I is a commonly used tool in molecular biology.
However, its three-dimensional structure has not been determined. [Objective] M/u I gene was cloned and
expressed in Escherichia coli. Mlu 1 and its seleno-derivative proteins were purified, and the crystallization
conditions were studied. [Methods] A recombinant expression vector pET28b-M/u 1 was constructed and
expressed inductively in E. coli BL21(DE3)pLysS. Affinity and gel filtration chromatography were used to
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purify Mlu I and Se-Mlu 1 proteins. Mass spectrometry, circular dichroism and enzyme activity analysis
were carried out to characterize these proteins. Sitting drop method was used to screen the crystallization
conditions. [Results] The recombinant expression vector pET28b-Mlu 1 was successfully constructed and
the purified Mlu 1 and Se-Mlu 1 proteins with purity suitable for crystallization were obtained. All
8 methionines were successfully replaced with se-methionines in the Se-M/u I protein determined by mass
spectrometry. The circular dichroism and enzyme activity analysis confirmed that se-methionines
replacement had no significant effect on the activity and structure of the Mlu 1 protein. Preliminary
crystallization study and subsequent X-ray diffraction showed that the needle-like crystal of Mlu 1 formed
under one condition diffracted to a resolution of 0.32 nm. [Conclusion] The construction of M/u I and
Se-Mlu 1 protein purification system and study of crystallization conditions layed the foundation for
further analysis of the three-dimensional structure of Mlu I, revealing the molecular mechanism of Mlu I,

and directed evolutionary modification of Mlu 1.

Keywords: restriction endonuclease, Mlu I, selenoprotein, crystallization
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El 1 pET28b-Miu I EHi[EL

Figure 1 Schematic of pET28b-Mlu I plasmid

: T7 promoter: T7 Ja8F, HFRMH; Lac 1: FLBERIER ,
YnfidRHE 2 H; pBR322 origin: A HiliL A ; Kana: RARHiM:ZE
B, VIR ESARC; T7 terminator: T7 & 1ET, &
1EEES s Miu 1. HEER; f1 origin: WER RS Rl AAALA,
JA Bl IK A DNA; 6xHis: B 6 NMHZMRAMNIFE, 1R
AREE S BES R EAE AT B sl

Note: T7 promoter: Transcription initiation; Lac I: Lactose
regulatory gene, encoding repressor protein; pBR322 origin: Origin
of replication; Kana: Kana resistance gene, an important marker for
resistance screening; T7 terminator: Stop transcription; Mlu I:
Target gene; fl origin: Phage replication initiation site to initiate
expression of single-stranded DNA; 6xHis: A tag consisting of

6 histidines through which recombinant proteins can be separated
and purified by metal chelate affinity chromatography
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0 L
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2
Figure 2 Expression and purification of M/u I and Se-Mlu 1
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DIIRTS i 2h BE A T4 745 S . SDS-PAGE i
MZERBoR Ml 128 P LA 8] = sk
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EAHAF (B 2). T4 8 PRI A B 7 e s A ik
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w10 0
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A A: T4 Mlu 11 SDS-PAGE HL3KIEl; B: T4 Miu 1 (BRI IEENT S H; C: Se-Miu 1% SDS-PAGE HLjkEl; D: Se-Miu 1

ML T IEEr4s 5. M: PAGE-MASTER Protein Standard Plus

Note: A: SDS-PAGE electropherogram of recombinant M/u I; B: Gel filtration chromatography results of recombinant M/u I; C: SDS-PAGE
electropherogram of Se-Mlu I; D: Gel filtration chromatography results of Se-M/u 1. M: PAGE-MASTER Protein Standard Plus
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Figure 3 The serum mass spectrometry of Mlu I and Se-Mlu 1

e A My JFTERINZER; B: Se-Miu T FUiGAI . i EIRE AR bR Mass-to-Charge: JBifif tb(m/z); PAARAR Counts: B FMi iy 5 &
Note: A: Mass spectrometry analysis of M/u I; B: Mass spectrometry analysis of Se-M/u 1. Horizontal coordinate represents Mass-to-Charge;
Vertical coordinate represents ion response intensity
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Figure 5 Circular dichromatogram of Miu I and Se-Miu 1
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Figure 4 Enzymes activity of Mlu I and Se-Mlu 1

TE: Ar Mlu1H Se-Mhu 1RIBFUIZZRIE : 12 M 1 EIEEYIH) 5
2: Se-Mlu 1 ffFYI=H); 3: ADNA; M: 1 kb Ladder DNA Marker.
B: Thermo Fisher A& 'E M _/AAG 1 Miu 1 HBFYIZCRE

Note: A: The results of digestion of Miu I and Se-Mlu I: 1: Digested
product of Milu I; 2: Digested product of Se-Miu 1; 3: ADNA; M: 1 kb

Ladder DNA Marker. B: The graphical results of M/u I enzymatic
digestion published on Thermo Fisher Inc. official website
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Note: A: Circular dichromatogram of recombinant protein M/u I; B: Circular dichromatogram of selenoprotein Se-M/u 1
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FH 2§ %A 18 1R R A TR 2B i e o ASBIF SR
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5.6 MFFBEREN = KA 8, 10% (KBS
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STEORCEE 4000, 55MF a PR IREENIR, &
7 b FrisahiA L BRCR(K 6A . 6B). 451 a irfs
Ml UEE B ICE 21 0 R2E7E 0.32 nm A2 47 %K
W, 2500 b BifS Miu TSRS, JoIkEiGE
AR, Se-Mlu VEEFISME ¢ TR ik, 2
Y/ NBRLR (B 6C). 251 ¢ A2 1.0 mol/L FrER A
£, 0.1 mol/L pH 4.6 l)=I/KEG LR, BRI
W MEES, JOIkE s SR, B R AR A T
DIRTS I S A, e bt ik — Ak 25 AR K
S5, TR Miu 1) DNA FC SR AL

3 wihE4n

B 4k P VDl 2 0 A 0 2 s b e S 1Y
THEFZ—, HHTC A ECT B i gk 20,
300 RN FR T EEg vz M, T R R L
ATFETRGI P81 (4 IRl BB 7 67 2% DNA 4T
RS PEIE], B 1Z H FH F R TR
{48 NGS Wy . FEE AT, FET 10 2RI Bl
FRIME T, X HAFY el — BEEgks, b Tk
— BRI Miu 1 B3 F-HLHIIE X H A 7 1) ks
FL = Ae S5 Y f b AR R B, i
(2R IB A ARAS =V B L Sl B A AR 1 R AR
SERAIHBRERIRTHE . Mlu 1T E—FhoR I TR MR
P M. Iuteus 1) 11 BURRGIAG , JEdm i FHAY R 2
—, HRTS A 5 T H = 4R g5 0 A4 AL H A R
W, DS T R = B AR § . ASCAER
JFE R h Pk aliAb B4 Miu 1 B (T4 A A
(IRFIE, RN —2 T Miu T = 4458 . VEFIAL
T PR B v el i B4 A

Miu TEFDTRAE 33 kD 47, EARA X
PR AR S A T — RS . A TR B
AR f AT R R B OGP IR, — AT R 4
B T E R A R RN T (R
T st = (8] PP S UARMEAR . 72 PDB &dla PErfid &R

BEl6 itk

Figure 6 Initial screening of crystallization conditions

T A M UEATERMT a BRHEPRAAA; B: Miu LEFTEALT b HPRPIRLRAA; C: Se-Miu 1 SEFATEAT ¢ AT/ NIRLAR b A

Note: A: Mlu 1 protein formed needle crystals under condition a; B: Mlu I protein formed granular crystals under condition b; C: Se-Mlu 1

protein formed small granular crystals under condition ¢
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KPAGE Mlu 1 BARIEESHAER, FJokiE
1O AR B AT S R ARGL, BB
Miu 1 2R A V) 456 2 B0 B ik
(Multi-Wavelength Anomalous Dispersion, MAD)k
iR DR it AR 235 4 iR T v B RE S TR R 2L RER T BT Y
BSEA ST 1 I e B/, LR O AT 22 s A
TF, TSR R A S AN T 2, 2exb g
PR 77 S o S I TE R FH O A 22 Sk i
TRAANE . 220K R B M A 22 A T e
G Jir -0 25 1) S PSR A B B I AT S e, 4
SERRARTSARNE, TR o7 P 200

L ) DR A i o) A3 A 4 T e 48 R
WA TR BRI F Ik H AR (B834), sl i Em &
B PR IE AN AN ST R AR . ALVESE L) B834
iR ER A TRIFG ST VSPL AR, it
BCRBUR ARG THALE R, 24T T AR AT
S p T B L 1 B P Rk S )R TE
DNA A8 FRAET:, PRI 2 E A H Ak
PRAF 0T F2 8 A 7T BEAR AT BRI A0 R B R ik, I
Hb, FZIEF| B834 TRHK MY ML BY AT BB 25 BRI
AE A RE, FILEADE D, F]2ulR
FH 5 2GR04 B — B H B A WAL OR B 1 IR 28
4 BL21(DE3)pLysS WHIRAIE R IBHK, 456
MO KRR R Wi 4 Se-MIu 1 1 .

M9 HiFRdk s LB 8535 L E R 200
i ELAGAR R AR 24 R B Bk dn i s, BRI T
WA s B, o T R R A A
WL, AW, TR IR ARG B R A
(100% M9+0.05 g/L Al HU AR RR) Z Hif, Seliidfk
W A PR IR B AT IS AR G, R AT RE SR
WK RS RICR BRI 5, AR
IEH R R A PR SR, O AU
HRFRAE R B IS, @ 7E M9 JEhiliE R
ST S IR A AR B SRR T 2 b 7T AT
RIRG Z PR, MR EA RS, &
U bR TN IEAR A PR B 2R o 38 3 ok S8 R i A ¢
At THRE N 10 mg/mL . 487 95% A /Y

Se-Miu 1 & 1. XA (SR, 2553%
Y P A 2 o 6 1 Y R 43R BUAR . e Ah,
FHliJE T2 8 8 AL, nTfE X EAMREN. 6
PE 3 R ), A S A 2 B A T 5 AR A 1Y
Se-Mlu 1 55H Miu 125 A #FRETH ALK ADNA, =
A H R R /N 455 BRI 3 0 A 2 R A
Lo B gk A B B 0 s RARL,
R S 445 SR U0 B AR YRR A 0 R 1 4 P RN 25 4 R
M) ARG o [ S B 1) A 3 ) T 4 P R 2
MO 533k, Sl A IS R 2Rk ik
AR 2K P X — 5 Ik B RS, kg Al B AT £ € 2
s 34 T SR . ok, ARFoTE i
WA R B, FAEA Mlu 17E 0.01 mol/L 7N/KE
S4B . 0.1 mol/L pH 5.6 FIF RN = /K& —
BIFT 10% (RF340) Jeffamine™ M-600"H) 5544 T
RN TEPIR SR, X OSTLRAT S5 2 0 Al R R A
0.32 nm A4, AEE FITERIE AR A R0 AR
WA AT ) S A, TR — 2 A S AR
FTHE DNA A (AR 345 55 0 10 AR
ARWFFERF MIu T B2 Se-Miu 1 3647 T a4l 3
ik, BAS T AR RN R IR B AR K BRI
I S R Se-Mlu 1 2 B 8 4™ F A 2 R 430
BERCINEUR s eAh, 3 S DU R 5 — e A
e TCXHZE (TG PE . S5 If R,
FEXF Miu 1EHDAT T 45 b0, D135
PERALE 0.32 nm A4S R, AIAJESE Miu 1 =4
S50 . AVEFIBILIR AT B 1] i B A
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