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In vitro observation of haemolymph melanization and
melanin-related biosynthesis enzyme genes in silkworm,
Bombyx mori
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Abstract: The observation statistics suggested that the haemolymph melanization speed of larvae became fast and the growth

inhibitionof Escherichiacoliwasstrongas the quantities of feeding on mulberry leavesincreased. The RT-PCR result showed

that the mRNA expressions of melanin biosynthesis enzyme BmTan, BmPo-1, BmYellow-f and BmDdc were high in the

haemolyph of 5L 3 d larvae. The ¢gPCR analysis showed Bmtan, Bmddc, Bmyellow, Bmebony and Bmblack, especially

Bmddc expression were significantly higher in black disease larvae than in normal larvae. Compared with control, Ddc

inhibitors drastically inhibited the lipopolysaccharide-induced haemolymph melanization. In addition, the content of Dopa

and Dopamine markedly rose after E. coli injection. These indicated that haemolymph melanization was linked to immune

defenses and Bmddc may play a role in melanization response of haemolymph immune in silkworm.

Keywords: haemolymph of Bombyx mori, melanization, melanin biosynthesis enzyme, immune response
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(Tyrosine hydroxylase
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1.3 RT-PCR ##f

PCR 94 C 4 min 94 C
40s 54 °C 45s 72 °C 50s 33
72 °C 10 min 12 °C PCR
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1.4 RHEXEEZ PCR &N
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(BGIBMGA003186) PCR
ABI7500Fast 20 pL
95°C30s 95C5s 60C30s
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4°C 10000 r/min
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4 °C 10000 r/min
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Table 1 Primer sequences

Genes

Primer sequences in
semiquantitative
RT-PCR (5'-3")

Primer sequences in the
gPCR (5"-3")

pah

ddc

Po-1s

ebony

yellow

tan

datl

yellow-f

th

black

sw22934

AGTGTTCCACAGC
ACCCAG
TTGTCCATAGCGT
TTAGCAG
GCTAAAATCACTA
CAGCCAGAC
GTTTATACGGCGT
AATAGTTCTT
CCGTCAAGCCAGG
GAGG
TCACGGACATATT
CTCGATAGCTT
TGAGGGATGAGCA
CAAGAAG
ATTACCAGAAAGA
TGTTAGCCA
GGGATGAGAAAA
ATGTATGGGT
CGCTTCGTAATTG
TAGTTGGTAG
GTTCAGAAATACG
ACCAGGAC
GGTTTGTCGATATA
AATACTCCA
GTCCGTTCCAGCT
TACACCAT
CACAGCACCCTCA
TCAGTCCT
GATTGTTTGTGAC
TGTCCCG
GGGTGGAAATACA
GGGTGC
CCCAGTGGTGTGT
CCTTAGAA
TCAGTGTATGCGA
TAGACGGA
CTCGTGCAATGCG
AAGTAC
GCCTTTCGAATTC
GTTTAC

ATCCCATCACAGAA
TACCAG
TGTCCATAGCGTTT
AGCAG
GAACAAGCACCGC
AACAACC
TAGCGGGATACGAG
TTAGCG

CCAAGTTGAGGGA
CAGAGGTTA
ACTTCCTTCTTGTG
CTCATCCC
GTTGGTATCGAAAG
GTGGAGGA
AAGCTCGGGTAGG
GCGTTAA
GAGGCTCCCATTAT
GAAGTCGG
CATGTTAGCCAGGG
TCTTATCGT
AATCTCGCCGTCAA
TCTGCTT
CCTACGTAGTCGCC
GTTCTCAT
GGCAAGGCAACTG
GCTCTG
GAGACAATTTCCGG
TGGCTTAC
TGGTTTACGGTTGA
GTTCGG
TGGTAGGGTTGCAC
GGATGT
GTTCTCAAGGAAG
GACACTCGT
CGACCGCACTGGAT
ATGTTTG
TTCGTACTGGCTCT
TCTCGT
CAAAGTTGATAGCA
ATTCCCT
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Fig. 1
(B) Dopamine.
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Dopa and Dopamine standard curve. (A) Dopa.
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Fig. 2 Melanization of haemolymph using different
instars of silkworm in the capillary with time. (A) Days
4th instar larvae haemolymph. (B) Days S5Sth instar
larvae haemolymph. RT: room temperateure.
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4 C
37°C
22 ARHBHARENHKREX KBHAEEKBN

A1

4L3d 5L6d
7.5 uL 2.5 uL
6h
7.5 uL PBS (pH 7.4)
4L3d
6h 32 5L6d
8 PBS
C ) 51
5L6d
4L1d
3

23 MHBHBREZSHMEXELEBRERR
B

5L3d
1 RT-PCR  5L3d
Bmpah
Bmth Bmblack Bmyellow Bmyellow-f Bmdatl
Bmebony Bmtan Bmpo-1  Bmddc 10

(  4) Bmtan (283 bp)

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

Bmpo-1 (500 bp) Bmyellow-f (549 bp)  Bmddc
(663 bp) 4
Bmblack (487 bp) Bmyellow (464 bp)  Bmpah

(566 bp) 3
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Fig. 3 Influence of haemolymph using different instars of
silkworm on the proliferation of Escherichia coli cultured
in vitro. (A) The statistical analysis on the bacteria
colonies between 4 L 3 d instar larvae haemolymph and
5 L 6 d instar larvae haemolymph. *P<0.05, **P<0.01 and
*#%P<(0.001. (B) Direct-viewing the bacteria colonies.
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Fig. 4 Expression pattern of enzyme genes related to
melanin biosynthesis in 5 L 3 d instar larvae haemolymph.
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Fig. 6 Effects of black disease silkworm on the
relative expression of enzyme genes related to melanin
Bmpah Bmth biosynthesis. *P<0.05, **P<(0.01 and ***P<(.001,

( 5B) g¢-PCR

Bmblack Bmddc Bmyellow Bmebony 6 compared to the relative expression in normal

silkworm.
Bmpah 25 % EREES (Ddc) HPH] 70X ik B 24k
5 :aEAlY
Bmddc (Ddc) 5L3d
Ddc
Ddc
( )
(LPS
Sigma)
01 5134 75uL 2.5l
(10 mg/mL PBS ) 2.5 pL
LPS (1 mg/mL) PBS
escts - S 0 05 24h
Normal silkworm larval Black disease silkworm larval 7 Oh
E5 E¥LRENZUFAEE PBS
Fig. 5 Normal and black disease silkworm larval. (A) 05h LPS
The early stage of silkworm being bit by flies. (B) The 05h
later stage of silkworm being bit by flies. The red
arrow refers to flies bites. 24h  PBS
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A 1400t 5 1 400
1200} 2 1200
S1000F % 1000
g |
£ oo} | 800
o 2
= 600} ~ = 600
400 \ 2 400
200f | \/g 200
-——rl A -‘\.‘\‘_T s L L . 1 s - 0
0 3 10 15 20 25 30 35 40 45 50 55 60
t (min)
B
700 + 4700
600 | 4600
= 500 - 1500
<
Z 400 | 1400
o)
= 300 F 1300
200 F —A 1200
i |
100 - @ ) 4100
| = \ i
)k \_/ Jo
)

5 10 15 20 25 30 35 40 45 50 55 60
t (min)

8 ZEMZERMNEIZE
Fig. 8 Chromatograms of Dopa and Dopamine. (A) The standards. (B) The experimental group.
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Fig. 9 Dopa and Dopamine content detection in Bmddc
silkworm haemolymph induced by Escherichia coli.
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