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Abstract: Arginine kinase (AK) is a key enzyme in energy metabolism of invertebrates and plays an important regulatory
role in the life activities such as growth and development, nutrition utilization, immune resistance and stress response.
Arginine kinase of Bombyx mori (BmAK) is related to the energy balance and anti-NPV process, but there is little research
on its molecular structure and enzymatic properties. We cloned the ORF sequence of BmAK gene, and analyzed
chromosomal localization, genomic structure, mRNA structure, secondary and tertiary structure. Phylogenetic analysis
indicated that AK was highly conserved in evolution. Soluble recombinant BmAK was obtained by prokaryotic expression,
and purified by Ni-NTA affinity chromatography. The circular dichroism spectroscopy showed that BmAK contained
a-helix structures, and its a-helix structures were relatively stable in the pH range between 5 and 10. Enzyme activity
analysis showed that the optimum temperature of BmAK was 30 “C and the optimum pH of BmAK was 7.5. The optimal
temperature of BmAK was 25 “C. Between 15 C and 30 °C, the structure and activity of BmAK was relatively stable.
The structure of BmAK was relatively stable at pH 7.0. Our findings reveal the structure and function of BmAK to develop

novel green safe and environmentally friendly insecticides.

Keywords: Bombyx mori, arginine kinase, expression and purification, structure, activity
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Fig. 1 Cloning and analysis of BmAK. (A) 1% agar gel analysis of BmAK. M: DNA marker; 1: PCR product; 2: colony
PCR product; 3: double enzyme digestion products. (B) Chromosomal localization of BmAK gene. (C) The diagram of
BmAK genomic DNA sequence. (D) The diagram of BmAK mRNA sequence. ATG: start codon; TGA: stop codon; UTR:

untranslated region; ORF: open reading frame.
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Fig. 2 Analysis of BmAK. (A) Domain prediction. (B) Analysis of the conserved domain and key amino acid residues.
(C) The predicted secondary structures of BmAK. (D) The predicted tertiary structure of BmAK.
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Fig. 3 Phylogenetic analysis of BmAK and AKs from other species.
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Fig. 4 Expression and purification of BmAK. (A) Analysis of BmAK expression. M: protein molecular weight marker; 1:
16 ‘C supernatant; 2: 16 C pellet; 3: 37 C supernatant; 4: 37 C pellet. (B) Purification of BmAK via Ni-NTA affinity
chromatography. M: protein molecular weight marker; 1: supernatant; 2: pellet; 3—8: elutions of 20, 40, 80, 100, 200 and
500 mmol/L imidazole.
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Fig. 5 Analysis of the existing form of BmAK in
Solution. (A) Gel filtration analysis. (B) SDS-PAGE
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MBS ; C: 05, %7 pH 3 BmAK B H o B2HELE MBI 10)

Fig. 6 Analysis of BmAK secondary structures. (A) Analysis of the secondary structure of BmAK by circular
dichroism spectroscopy. (B) Analysis of the effects of pH on the secondary structures of BmAK by circular dichroism
spectroscopy. (C) Analysis of the effects of pH on the a-helix structures of BmAK by 6,,,.
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Fig. 7 Analysis of the optimum temperature and thermostability. (A) Analysis of the optimum temperature of
BmAK. (B) Analysis of the thermostability of BmAK.

A

Relative activity (%)

100
90
80

70 [

60

50 |
40 |

30
20

Optimum pH

/N

6.4 6.6 68 7072 74 76 7.8 8

pH

B
pH effects
100 | I
S 80t
2
Z 60
3
2 40F I
= \
£ 20t 1.
)
0 82 0760 70 80 90 100 11.0
pH

8 HE/RMN pHF pHEEMESH (A: BmAK MIFIER L pH 24f:; B: BmAK 8 pH B2 EE 45 #7)

Fig. 8 Analysis of the optimum pH and pH stability. (A) Analysis of the optimum pH of BmAK. (B) Analysis of the
pH stability of BmAK.

3 Wik

[10-14,31-32]

® 010-64807509

AK

AK
AK

AK
cDNA (10] [9-10,12-14,21-29,31]
[ [4,8,15] [33]
AK
[24,34-35]
K cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q Chin J Biotech July 25,2017 Vol.33 No.7
5 3 pH 5-10 BmAK
BmAK ORF BmAK BmAK
DNA mRNA
BmAK
ATP- N
ATP- “
6 o ATP- - B
o p
BmAK 3 [22]
CPTNLGT D61  RI192 AK AK
[36-37] AK AK N
W218 W208
[40] AK
BmAK AK Mn®"  Mg*
AK[IG] AK[41]
Zn*"  Cu®’ AK
[16] Mn2+ Cu2+ AK
BmAK
BmAK AK
AK [38]
BmAK o BmAK
BmAK
BmAK
BmAK 30 C pH
7.5 22-28 C AK
15-30 C BmAK
( 7B) BmAK
BmAK BmAK AK
15-30 C pH
BmAK ( 6B) 8B) AK AK

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



It FREEIRUBREFARN. EMSEESH 1121

REFERENCES

[1]

(2]

[3]

[4]

(8]

[10]

Ellington WR. Evolution and physiological roles of
phosphagen systems. Annu Rev Physiol, 2001, 63:
289-325.

Smith E, Morrison JF. Kinetic studies on the

arginine kinase reaction. J Biol Chem, 1969, 244(15):

4224-4234.

Hird FJR. The importance of arginine in evolution.
Comp Biochem Physiol B, 1986, 85(2): 285-288.
Kang LQ, Shi HF, Liu XY, et al. Arginine kinase is
highly expressed in a resistant strain of silkworm
(Bombyx mori, Lepidoptera): implication of its role
in resistance to Bombyx mori nucleopolyhedrovirus.
Comp Biochem Physiol B, 2011, 158(3): 230-234.
Liu Z, Xia L, Wu Y, et al. Identification and
characterization of an arginine kinase as a major
allergen from silkworm (Bombyx mori) larvae. Int
Arch Allergy Immunol, 2009, 150(1): 8-14.

CA. Arginine
pharmacological target in trypanosomiasis. Infect
Disord Drug Targets, 2014, 14(1): 30-36.

Qin LG, Xia HC, Shi HF, et al. Comparative
proteomic analysis reveals that caspase-1 and serine

Pereira kinase: a potential

protease may be involved in silkworm resistance to

Bombyx mori nuclear polyhedrosis virus. J
Proteomics, 2012, 75(12): 3630-3638.
Tanaka H, Ishibashi J, Fujita K, et al. A

genome-wide analysis of genes and gene families
involved in innate immunity of Bombyx mori. Insect
Biochem Mol Biol, 2008, 38(12): 1087-1110.

Zhao J, Cheng TT, Huang LN, et al. Expression
profile of arginine kinase
armigera. J Agric Biotech, 2016, 24(3): 397405 (in
Chinese).

from Helicoverpa

(AK)
24(3): 397-405.
Wang HB, Xu YS. cDNA cloning, genomic structure

, 2016,

® 010-64807509

[11]

[12]

[13]

[14]

[15]

[16]

[17]

and expression of arginine kinase gene from Bombyx
mori (L.). Sci Agric Sin, 2006, 39(11): 2354-2361
(in Chinese).

, 2006, 39(11):
2354-2361.
Bao B, Xu WH. Identification of gene expression
changes associated with the initiation of diapause in
the brain of the cotton bollworm, Helicoverpa
armigera. BMC Genomics, 2011, 12: 224.
Zhang YC, An SH, Li WZ, et al. Cloning and
mRNA expression analysis of arginine kinase gene
from Helicoverpa assulta (Guenée) (Lepidoptera:
Noctuidae). Acta Entomol Sin, 2011, 54(7): 754-761
(in Chinese).

mRNA

54(7): 754-761.
Strong SJ, Ellington WR. Isolation and sequence

, 2011,

analysis of the gene for arginine kinase from the
chelicerate arthropod, Limulus polyphemus: insights
into catalytically important residues. Biochim
Biophys Acta, 1995, 1246(2): 197-200.

Kucharski R, Maleszka R. Arginine kinase is highly
expressed in the compound eye of the honey-bee,
Apis mellifera. Gene, 1998, 211(2): 343-349.

Chen JJ, Xia LX, Liu ZG, et al. Cloning, expression
and purification of allergen arginine kinase from
Periplaneta americana and its allergic activity. Chin
J Parasitol Parasit Dis, 2008, 26(5): 356-360 (in
Chinese).

5 5 5

, 2008, 26(5): 356-360.
Zhu WIJ. Modification and inhibition of arginine
from Locust [D].
Agricultural University, 2008 (in Chinese).

kinase Tai’an:  Shandong

[D]. : ,2008.
Yao CL, Wang ZY, Xiang JH. Structure and
function of arginine kinase in crustacean. Chin J
Biochem Mol Biol, 2008, 24(3): 203-208 (in

K cjb@im.ac.cn



1122 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech July 25,2017 Vol.33 No.7

[18]

[19]

[20]

(21]

[22]

(23]

[24]

Chinese).

. , 2008,
24(3): 203-208.
Yao CL, Ji PF, Kong P, et al. Preparation of
polyclonal antibody and analysis of tissue specific
expression of arginine kinase protein in Litopenaeus
vannamei. J Fish Chin, 2009, 33(6): 1026-1030 (in
Chinese).

> 5 E}

, 2009, 33(6): 1026-1030.

Kang LQ, Shi HF, Wang N, et al. Cloning,
purification and characterization of recombinant
silkworm arginine kinase expressed in Escherichia
coli. Afr J Biotechnol, 2011, 10(36): 7026—7033.

Su XF. The Expression and regulation of L-arginine
kinase in Helicoverpa Armigera[D]. Beijing:
Chinese Academy of Agriculture Sciences, 2011 (in

Chinese).

[D]. ,2011.
Zhao YY, Wu WF, Wang XD, et al. Protein
expression of arginine kinase and Real-time PCR
analysis. J Shihezi Univ, 2013, 31(1): 6-9 (in Chinese).

> i s

2013, 31(1): 6-9.
Liu TT, Wang XC. Effects of Cu’" on Arginine
kinase: activity changes, conformational changes,
and aggregation. Mar Sci, 2011, 35(1): 17-21 (in
Chinese).

. ,2011,35(1): 17-21.
Ruan WW, Shen Y, Cao MJ, et al. Cloning and
expression of arginine kinase from Mud Crab (Scylla
serrata). J Jimei Univ: Nat Sci, 2011, 16(5):
346-351 (in Chinese).

> > >

2011, 16(5): 346-351.
Ma CX, Zhang ZC, Li XR, et al. Arginine kinase in

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

[25]

[26]

[27]

(28]

[29]

[30]

Haemonchus contortus: cloning, expression and
catalytic properties. J Nanjing Agric Univ, 2014,
37(3): 100-106 (in Chinese).

E) > 5

, 2014, 37(3): 100-106.

Kumar S, Stecher G, Tamura K. Mega7: molecular
evolutionary genetics analysis version 7.0 for bigger
datasets. Mol Biol Evol, 2016, 33(7): 1870—-1874.
Wang YJ, Liu LN, Gao CY, et al. Cloning,
expression and characterization of silk gland factor
SGF-1 of Bombyx mori. Sci Sericult, 2016, 42(2):
219-227 (in Chinese).

s , s sgf-1

, 2016, 42(2): 219-227.

He HW, Wei SG, Wang Y], et al. Soluble expression,
purification and structural analysis of the bHLH
transcription factor Bmsage of Bombyx mori. Chin J
Biotech, 2016, 32(10): 1395-1407 (in Chinese).

, , , . bHLH

Bmsage

, 2016, 32(10): 1395-1407.
Zhao P, Wang YJ, Wei SG, et al. Interaction of
bHLH transcription factor bmdimm and bmchip in
Bombyx mori. Sci Agric 2016, 49(10):
2027-2038 (in Chinese).

) ) ;. bHLH

Bmdimm Bmchip . ,
2016, 49(10): 2027-2038.
Yu Z, Pan J, Zhou HM. A direct continuous
pH-spectrophotometric assay for arginine kinase
activity. Protein Pept Lett, 2002, 9(6): 545-552.
Wang HB, Xu YS. cDNA cloning, genomic structure

Sin,

and expression of arginine kinase gene from Bombyx
Advanced
biotechnology

mori. seminar of sericulture

and silkworm disease control,
selected proceedings of the symposium in silkworm
physiology, pathology and biotechnology, 2006,

2354-2361 (in Chinese).

>



Il FREEaRMBERREAL. HESEEST 1123

[31]

[32]

[33]

[34]

[35]

LR} 113 t)

, 2006, 2354-2361.
Wang YE, Esbensen P, Bentley D. Arginine kinase

expression and localization in growth cone migration.

J Neurosci, 1998, 18(3): 987-998.

Yao CL, Ji PF, Kong P, et al. Arginine kinase from
litopenaeus vannamei: cloning, expression and
catalytic properties. Fish Shellfish Immunol, 2009,
26(3): 553-558.

Miranda MR, Canepa GE, Bouvier LA, et al
Trypanosoma cruzi: oxidative stress induces arginine
kinase expression. Exp Parasitol, 2006, 114(4):
341-344.

Zhang YC, An SH, Yuan GH. Advances in research
on arginine kinase in insects. Chin Bull Entomol,
2013, 50(2): 533-538 (in Chinese).

. , 2013, 50(2): 533-538.

Huang LN, Liu N, Zhao J, et al. The research
prospect of arginine kinase. Life Sci Res, 2015,
19(5): 452456 (in Chinese).

5 > >

® 010-64807509

[36]

[37]

[38]

[39]

[40]

[41]

, 2015, 19(5): 452-456.
Takeuchi M, Mizuta C, Uda K, et al. Unique
evolution of bivalvia arginine kinases. Cell Mol Life
Sci, 2004, 61(1): 110-117.
Fujimoto N, Tanaka K, Suzuki T. Amino acid
residues 62 and 193 play the key role in regulating
the synergism of substrate binding in oyster arginine
kinase. FEBS Lett, 2005, 579(7): 1688—1692.
Brown AE, France RM, Grossman SH. Purification
and characterization of arginine kinase from the
american cockroach (Periplaneta americana). Arch
Insect Biochem Physiol, 2004, 56(2): 51-60.
Tsou CL. Conformational flexibility of enzyme
active sites. Science, 1993, 262(5132): 380-381.
Guo Q, Zhao F, Guo SY, et al. The tryptophane
residues of dimeric arginine kinase: roles of trp-208
and trp-218 in active site and conformation stability.
Biochimie, 2004, 86(6): 379-386.
Zhou Q, Wu CG, Dong B, et al. Proteomic analysis
of acute responses to copper sulfate stress in larvae
of the brine shrimp, Artemia sinica. Chin J Oceanol
Limnol, 2010, 28(2): 224-232.

(R334 MIEIT)

K cjb@im.ac.cn



