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cryptochrome I and its application in preparation of
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Abstract: Radiotherapy is a treatment for cancer with undesired by-effects. In order to develop a new radiation protective
agent that could reduce the by-effects, we tried to express and purify human cryptochrome 1 (hCRY1). The coding
sequence of hCRY1 was inserted into prokaryotic expression plasmid pET28a(+), and this protein was purified from
Escherichia coli BL21(DE3) after IPTG induction, ultrasonication, inclusion body dissolution, gradient dialysis, nickel
column purification and ultrafiltration. The yield of hCRY1 in 1 L E. coli culture (LB medium) was about 10—15 mg. The
radiation protective efficiency of hCRY1 was monitored by detecting X-ray-induced H2A.X foci in HaCaT cells. The
results of immunofluorescence show that hCRY1 significantly reduces X-ray stimulated DNA damage response. The
apoptosis of HaCaT cell was also detected, and the repression of H2A.X foci formation was not due to hCRY 1’s cytotoxity.
All these data suggest a potential application of recombinant hCRY1 as a protective agent for radiotherapy.

Keywords: biological rhythm, inclusion bodies, gradient dialysis, Ni-NTA, DNA damage, HaCaT, H2A.X foci,
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DNA
[12-15]
CRY1
BamL1/CLOCK
Perl Per2
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CRY1 Per2
CRY1
BamL1/CLOCK Perl
Per2 [17-181 hCRY1
DNA [19-23]
CRY1
[24-28]
hCRY1
hCRY1

hCRY1

pET28a(+)-hCRY!  E. coli BL21 (DE3)

hCRY1
HaCaT
hCRY1
X-ray
DNA DNA
H2A.X
focil®-3! H2A.X foci
hCRY1
hCRY1
1 "B5F®
1.1 ##
1.1.1

Escherichia coli BL21 (DE3)
Escherichia coli DH5a pcDNA3.1-hCRY 1
pET28a(+)
Invitrogen HaCaT
1.1.2
T4 DNA Taq
DNA marker TaKaRa
marker Thermo
Phospho-Histone H2A.X
Cell Signaling His HRP
IgG IgG/FITC

PCR
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Bradford
Annexin V-FITC

OXOID
GIBCO

DMEM
1 mL Ni-NTA
His-Bind Resin

1.2 [REFERAAHE

hCRY1 (NCBI
Reference Sequence: NM_004075.4)
( D
hCRY'1
pcDNA3.1-hCRY1 hCRY1-FW
hCRY1-RV PCR
hCRY1 DNA PCR
1%
Xho I BamH I
pET28a(+) T4 DNA
E. coli DH5a

pET28a(+)-hCRY 1

F1 ¥EEBER hCRYL B354

Table 1 PCR primers for amplification of target
gene hCRY1

Primer name Primer sequence (5'-3") Size (bp)
hCRY 1-FW ATACTCGAGGTCGGCTAT 27
(Forward) GAGCCGGAG

hCRY 1-RV CACGGATCCCTGATTCCT 27
(Reverse) CCTGAATGT

The base sequences underlined are the restriction sites.

http://journals.im.ac.cn/cjben

1.3 FHEEBEAMIFIKRIE

2 uL pET28a(+)-hCRY1
E. coli BL21 (DE3)
20mL 50 mg/L LB
1 100 1 L
50 mg/L LB

37 °C 200 r/min OD600 0.6
1 mmol/L

(IPTG) 24 C 200 r/min 6h

14 = %E H B SDS-PAGE . Western
blotting 70 7 & itk & 7

50 pL
SDS-PAGE G250
Western blotting
His
HRP IgG
Western blotting

G250

1.5 FHEHEAMSBAEN
1.5.1

50 mmol/L Tris-base 0.5 mmol/L

(EDTA) 50 mmol/L NaCl 1%

Triton X-100 2 mol/L NaOH pH

8.0

50 mmol/L Tris-base 0.5 mmol/L

EDTA 50 mmol/L NaCl 8 mol/L

(PMSF)

1 mmol/L
NaOH pH
8.0

20 mL
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20 mL

5s 10s 30
200 W 2h

1.5.2

100 mmol/L Tris-base
400 mmol/L 2 mol/L 5 mmol/L
EDTA 5 mmol/L 0.5 mmol/L

NaOH pH 8.0
50 mmol/L Tris-base

50 mmol/L NaCl NaOH pH 8.0

10 kDa
2 L 6 mol/L 50 mmol/L
Tris-base 50 mmol/L NaCl
4 C
2h
3 mol/L (
41L) 4°C
4L 24 h
2 L
4 C
(
24—48 h)
1.5.3 Ni-NTA
10 kDa

20 mL 4 C
1 mL Ni-NTA His'‘Bind Resin
10mL 50 mmol/L 300 mmol/L

1.5.4
Ni-NTA 10 mL
10
10 kDa 3
SmL
1.6 EJEADIRERWIE
1.6.1 DNA
hCRY1
500 pg/mL 300 mmol/L
500 pg/mL Ni-NTA
hCRY1
(cBSA) cBSA
hCRY1
HaCaT 10% DMEM
5% CO, 37 C
HaCaT
6 80%—90%
3h hCRY1 ¢BSA
250 pg/mL X-ray
1.132 Gy/min
530 s 10 Gy
10% DMEM
45 min
1.6.2
HaCaT
Phospho-Histone H2A.X
IgG/FITC
H2A.X foci
5
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1.6.3 bp bp
HaCaT 3 12
4 000
12 3000
2 000 1 800
250 pg/mL hCRY1 250 pg/mL cBSA 1500
20 ng/mL TNF-o*? o
500
300
3
El1 hCRY1 BRYF B PCR =HIRIEE
Fig. 1 AGE analysis of the PCR product. M: DNA

marker; 1: PCR product.

2 HREH

2.1 pET28a(+)-hCRY1 By

bp M 1 bp

5300

1 800

300

EHFEH pET28a(+)-hCRY1 E5IJ 4 F
AGE analysis of the digested pET28a(+)-

hCRY1 plasmid. M: DNA marker; 1: digested plasmid.

PCR
94 C 3 min 32
94 C 30s 55 °7C 30 s
72 C 2min) 72 °C 10 min
PCR
1800bp hCRYI ( 1
1800bp hCRY1
5300 bp pET28a(+) ( 2)
NCBI
2
( 2 pET28a(+)-hCRY1 Fig. 2
%2 E4AFRK pET28a(+)-hCRY1 BIAZE BN FF b3 45 R

Table 2 Result of nucleotide BLAST for prokaryotic expression plasmid pET28a(+)-hCRY1

o Total Identiti .
Description Features Max score ot Query E value enttes Accession No.
score  cover (%) (%)

Homo sapiens chromosome 12,
alternate assembly CHM1 1.1 Cryptochrome-1 346 1788 86 5e-92 100  NC _018923.2
H i h 12

OO SAPIENS CATOMOSOME 15 . ot ochrome-1 346 1788 86 5¢-92 100 AC_000144.1
alternate assembly HuRef -
H i h 12

OO SAPIENS CAOMOSOME 125, 0 tochrome-1 346 1793 86 5¢-92 100 NC_000012.12

GRCh38 primary assembly

The sequences were BLAST on http://blast.st-va.ncbi.nlm.nih.gov/Blast.cgi.

http://journals.im.ac.cn/cjben
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22 EHEAMET

SDS-PAGE ( 3) 1L
G250 12.5 mg 95.1% hCRY1
hCRY'1 ( 3A) A
Western blotting 325
( 3B) 95— -
NCBI 72— < hCRY1
hCRY1 (NCBI Reference Sequence: NP_004066.1) ij:
(4 "
2.3 EAEAMGUER 26—
. His
kDa 1 2 3
SDS-PAGE T -
¢ 3 FREFEHEEEY SDS-PAGE Hjk (A) 1 Western
SDS-PAGE

blotting &1 (B)
Fig. 3 SDS-PAGE (A) and Western blotting (B)
( 6) analysis of the E. coli lysates. M: protein marker;

1: uninduced lysates; 2: supernatant of the induced

Bradford lysates after ultrasonication; 3: precipitant of the

induced lysates after ultrasonication.

1  MGVNAVHWFR KGLRLHDNPA LKECIQGADT ITCVYILDPW FAGSSNVGIN RWRFLLQCLE
61 DLDANLRKLN SRLFVIRGQP ADVFPRLFKE WNITKLSIEY DSEPFGKERD AAIKKLATEA
121  GVEVIVRISH TLYDLDKIIE  LNGGQPPLTY KRFQTLISKM EPLEIPVETI TSEVIEKCTT
181 PLSDDHDEKY GVPSLEELGF DTDGLSSAVW PGGETEALTR LERHLERKAW VANFERPRMN
241 ANSLLASPTG  LSPYLRFGCL SCRLFYFKLT DLYKKVKKNS SPPLSLYGQL LWREFFYTAA
301 TNNPRFDKME GNPICVQIPW DKNPEALAKW AEGRTGFPWI DAIMTQLRQE GWIHHLARHA
361 VACFLTRGDL WISWEEGMKV FEELLLDADW SINAGSWMWL SCSSFFQQFF HCYCPVGFGR
421 RTDPNGDYIR RYLPVLRGFP AKYIYDPWNA PEGIQKVAKC LIGVNYPKPM VNHAEASRLN
481 IERMKQIYQQ LSRYRGLGLL ASVPSNPNGN GGFMGYSAEN IPGCSSSGSC  SQGSGILHYA
541 HGDSQQTHLL KQGRSSMGTG LSGGKRPSQE EDTQSIGPKV  QRQSTN

B4 HEEAMRIELETEER

Fig. 4 The result of mass spectrometer analysis. The amino acid sequences matched with hCRY'1 were shown in red.
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&5 Ni-NTA FE A4 1L 50 f5 # A% SDS-PAGE Hjk

i)

Fig. 5 SDS-PAGE analysis of hCRY1 purified using
the Ni-NTA His'‘Bind Resin. M: protein marker;
1: column load; 2: load flowthrough; 3: 50 mmol/L
imidazole wash; 4: 300 mmol/L imidazole wash.

&l 6

kDa M 1 2

160
130

95

72
55

< hCRYI
43

34

26

HBIE R 45 B fR HE SR AU SDS-PAGE H k4

Fig. 6 SDS-PAGE analysis of the proteins before and
after ultrafiltration. M: protein marker; 1: hCRY1
before ultrafiltration; 2: hCRY1 after ultrafiltration.

2.4 EHEEBRSLMRTIRE N

hCRY1 0 10 pg/mL 50 pg/mL
250 pg/mL 10 Gy
X-ray Phospho-Histone

H2A.X

http://journals.im.ac.cn/cjben

X-ray
H2A.X foci X-ray
hCRY1
50 pg/mL H2A.X foci
(G
5
« 9
hCRY1
cBSA TNF-a 0 8 16 24 h
HaCaT
24 h hCRY1
cBSA
TNF-a (9
cBSA
hCRY1
6xHis tag

%3 MILERTHBELEL hCRY1 WEAGKE
Table 3 Summary of hCRY1 purification from 1 L
LB culture

Total protein® hCRY1 Yield® Purity®

Ste
P (mg)  (mg (k) (%)
Gradient dialysis  123.2 57.2 - 46.4
Ni-NTA
! . . 13.7 12.7 222 927
purification
Itrafiltrati
Ultrafiltration 12.5 119 938 951
replacement

* Total amount of proteins was determined by Bradford
protein assay kit. ® Yield was calculated by dividing the
amount of hCRY 1 obtained after every step by the amount
in previous step. © Purity was estimated from the scanned
gel by measuring the band of hCRY1 as a fraction of all
bands.
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hCRY1 (ug/mL)

Untreated control

X-ray treated (10 Gy)

‘ ‘ ) .
@

7 HaCaT #farh Y hCRY1 SHIR1GRA A Th AER
Fig. 7 The radiation protective efficiency of hCRY1 was monitored in HaCaT cells. Upper panel was X-ray
untreated control correspond to indicated concentration; lower panel was 10 Gy X-ray treated sample.

[ Untreated control

W X-ray treated (10 Gy)
sk
10 T

2 _ >

= S

g 8t z

=} =1

3 >

2 =

(0]

& 2} 5

2

<

0 L . . 1 1 1 ]
0 10 >0 250 0 8 16 24 30
—_— ]
h
hCRY1 (ug/mL) £

8 HaCaT 4 sh H2A.X foci B3T3 A 3R /E 9 HaCaT #HAE T
Fig. 8 The relative fluorescence intensity of H2A.X Fig. 9 Detection of apoptosis in HaCaT cells at
foci in HaCaT cells after treatment with different dose different time points following treatment with the
of hCRY1 (** P<0.05 and *** P<0.001). proteins as indicated.
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3 9t
SDS-PAGE 90%
35 kDa hCRY1
+
pET28a(+) 60%
1L
hCRY1 10—-15 mg 6xHis tag
Ni-NTA His-Bind Resin
2-3
5-7
IPTG [33-34] hCRY 1
4 h IPTG
0.5 mmol/L
6h HaCaT
1 mmol/L IPTG DNA
hCRY1
hCRY1 cBSA 300 mmol
hCRY1
(
500 mL 6xHis tag
SmL ) X-ray
1L hCRY1
2 mg hCRY1
3-5

http://journals.im.ac.cn/cjben
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