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Abstrac t:The process o f invasion and rep lication ofBom byxm ori cy toplasm ic po lyhedro sis virus(Bm CPV) in the silkwo rm , B om byx

m oriw as studied. A fterm o lting, the third instar larvae o fB. mori was inocu la ted w ith Bm CPV then the hind m idgut o f the infected

larvae w ere dissec ted a t differen t in te rva ls, prepared as e lec tron m icroscope specim ens and v isua lized w ith the transm ission elec tron

m ic roscope (TEM). The results indica ted thatBm CPV v irions we re obse rved assoc iated w ith the m icrov illi o f the cy lindrical ce lls a t

1. 5 h po st-infection (p. i.). The v irions en te red them icrov illi and m oved to the cy top la sm 6 h p. .i . The v irionsw ere obse rved in the

cy lindrica l ce ll a t 9 h p. i.. The intact v irions p robably pene trated through the pe ritrophic membrane, then abso rbed and invaded the

m ic rovilli for in fe cting the cy lindrica l ce lls. W ith the virus deg radation, the v iral core s w en t in to the nucleus and go t under w ay of

mu ltip lication. A fter the eclipse phase, the new form ed v irogenic strom a (VS) w as found in the cy top la sm o f cy lind rica l cells a t 24 h

p. i.. Fu rtherm ore, the progeny v irions appeared and their num be rs inc reased g radually. The polyhedrin deposited to em bed the v irions

to fo rm the po lyhedron a t 48 h p. i..
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Bombyx mori cy top lasm ic po lyhedrosis virus

(BmCPV) belongs to the genusCypovirus in the fam ily

Reoviridae. The free viruses of BmCPV invaded the

cy lindrical ce lls of m idgut, replica ted in the cytoplasm

and finally po lyhed ra embedding virions fo rm ed
[ 1 - 2]

.

M asah iko conducted a serie s of experimen ts to study the

entry of the cy top lasm ic and the nuclear-po lyhedrosis
viruses in to silkw orm m idgu t epithelia l cells cultu red in

vitro, whose find ing showed tha t only the core

substance o f CPV was in jected in to the cell w hile the

viral capsid w as left on the ce ll surface
[ 3]

. The

cu ltured Heliothis arm igera ex ternal ce lls w ere

inoculated w ith H. arm igera CPV to exp lo re the

mechanism of pene tra tion o f them. Itw as found that the

capsid pro jections of viral particle adhered to the

su rface of m icrovilli, and the nuc le ic acid lumped in

the cy top lasm , and moved to the ce ll nucleus. F inally,
the virions and empty virions w ere obse rved in the

phagosome
[ 1]

. Th is expe riment w as ca rried out in the

m idgu t of silkw orm by nega tive staining and

Transm ition E lectronM icro scopy (TEM).

1　Mater ial

1.1　P ropagat ion and purifica tion ofBm CPV

The fourth instar larvae of B. mori were fed on

mulbe rry leaves smeared w ith BmCPV polyhedra (10
9

po lyhed ra /L). S ix hours la te r, the silkw orm s w ere fed

on the norma lmulbe rry leaves. Befo re thema tu ra tion o f

the silkw orm , m idgu ts w ere co llec ted, put in a mortar

and grinded then filtered by tw o pieces o f gauze and

one piece of abso rbent co tton un til obtained the

solution
[ 4]

. The so lution w as centrifuged w ith 10 g /L

sodium dodecy l su lpate (SDS) and sucro se a t the

diffe rent density g radien ts (400-500-600 g /L). The

sediment was then pu rified po lyhed ra o fBmCPV , and

sto red a t 4℃.

1.2　B. m ori varie ty

S ilkw orm used in th is study was the 9Fu ×932

varie ty from Guangdong Se ricu lture C o.
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2　M ethods

2.1　Preparation and observation ofBm CPV

negat ive sta in ing sample

2 mL purified po lyhedra ofBmCPV was centrifuged

and the sedimentw as m ixed w ith 5 mL of 0.06 mo l /L

N a2CO 3 and 0.1 mo l /L N aC l (pH10.8) for 30 m in,
then the BmCPV was centrifuged w ith freezing

ultracen trifuge and m ixed w ith 20 g / L (pH7.2)
phosphotung stic acid (PTA) fo r 2m in. A fte r w ashing

and drying, observed by JEM-100CX /Ⅱ TEM.

2.2　Preparation and observation of TEM sample

of s ilkworm m idgut

The third instar la rvae after mo lting w ere fed on

mulbe rry leaves smea red w ith a concentra tion o f

po lyhed ra suspension (10
9
polyhedra /L). S ix hours

later, the silkwo rms w ere fed on the norma l mu lberry

leaves. The poste rio r half of m idgu t from infected

larvae w e re removed and ex tracted a t the fo llow ing

in terva ls:1.5 h, 3 h, 6 h , 9 h, 12 h, 24 h, 36 h,
48 h , 60 h , 72 h and 84 h. The samples we re fixed

w ith g lutara ldehycle (40 g /L) washed in 0.2 mo l /L

phosphate bu ffe r four times fo r 10 m in each time,
dehydrated in a graded se ries of ethano l solutions

(35%, 50%, 70%, 90%, 100%) for 10 m in each

time. The spec imens w ere dehydrated w ith acetone tw o

times for 10 m in each time, then pe rmea ted w ith a

m ix ture of one vo lume o f ace tone and one vo lume o f

epoxy resin , then w ith one vo lume o f acetone and tw o

vo lume o f epoxy resin, fina lly w ith the pu re epoxy

resin. The specim ens w ere embedded in epoxy resin,
placed in dryers w ith 70 ℃ for 8 hours or more and

trimmed the sections and made reservations to cu t

shee ts at the th ickness o f 500 angsto rms (／), put the

shee ts on coppe r ne t, stained w ith uran ium aceta te and

lead citra te, observed by JEM-100CX /Ⅱ TEM.

3　Results

3.1　Morpho logy ofBm CPV

A fte r decomposition of the purified polyhedra o f

BmCPV , ex tracted the v irions, negative stained and

prepared as u ltrathin sections and then obse rved by

JEM-100CX /Ⅱ TEM fo r shape and size (Fig.1)
Fig.1 show ed the gene ra l appearance of Bm CPV.

The v irions show a circu lar outline, the diameter is

about 50-65 nm , the subm it of she ll is pentangula r o r

hexagona l, from where stre tching a tube-shaped
pro jection. Some are empty virions w ith no nucleic

acid.

F ig. 1　BmCPV by nega tive staining technique

(ba r=200 nm)

3.2　The process of entry ofBm CPV into the

cy lindrica l ce lls o fm idgut

The th ird instar larvae of B. mori after mo lting

w e re fed on mu lberry leaves smeared w ith a

concentration o f po lyhedra suspension (10
9
polyhedra /

L). The m idgu ts w ere ex tracted from the infected

silkw orm at intervals, made into the u ltrathin section

and observed by TEM (Fig.2 , Fig.3 and Fig.4).

F ig.2　Pene tra tion o fBm CPV a t 1. 5 h p. i.
“↑” stands fo r the en try of virions in m icrov ill.i (ba r=100

nm)

F ig.3　Pene tration ofBmCPV a t 6 h p. i.
“↑” stands fo r the entry o f v irions in m ic rov illi cy lindrica l

cells(bar=200 nm)

The third insta r larvae after mo lting a te the

mulbe rry leave sw hich w ere smeared w ithBmCPV , the

po lyhed ra dissolved on the e ffec to f basic intestina l flu id
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and released the free virions. A t 1.5 h after infection,
the free virion penetrated th rough the pe ritrophic

membrane. Some v irions of the intact virions entered

the m icrov illi o f the cy lindrical ce lls, however, the

othe rs en te red the m icrov illi (F ig.2). F ig.3 show ed

the v irions occurred in the m icrovill of the cy lindrica l

ce lls.

F ig.4　Pene tration ofBm CPV a t 9 h p. .i
“↑” stands fo r the v irions entering the cy lindrica l ce lls (bar

=200 nm)

A t 9 h p. .i , the in tac t v irions w ere observed in

the cy top lasm o f cy lindrica l cells(Fig.4). The v irions

need about nine hours to comple te the process of be ing

eaten by silkw orm and entering the target cel.l

3.3　Replica tion ofBm CPV and generation of the

cytop lasm

There is a short laten t period be tw een the

penetration and replication (at 9 h to 24 h p. i. ).
Furthermo re, the virions formed in silkw orm between

24 h p. .i and 48 h p. i., and the obse rvation o f

sections at in terva ls w as shown in Fig.5, F ig.6,
Fig.7, F ig.8 and Fig.9.

F ig. 5　Rep lication ofBmCPV a t 24 h p. i.

“△” stands for v irogenic strom a (VS) fo rm ed in the

cy toplasm o f the cy lindrica l cells. “↑” stands fo r the

new fo rmed virions (bar=500 nm)

A t 24 p. .i , the ligh t stainedVS w ere observed in

the cy top lasm of the cy lindrical cells and the irregu lar

F ig.6　Replica tion o fBm CPV at 36 h p. i

“↑” stands fo r the VS shrinking and distributed w ith virions

(ba r=500 nm)

shaped and big or sma ll v irogen ic stroma (Fig.5).
There are no cell organelles in the stromas, the

offspring virions formed at the edge of strom a and

distributed. M o reover, 36 h after infec tion, the v irions

gradually extended to the center of stroma, and the VS

gradually shrunk, the fo rmerly formed stroma

distributed w ith v irions evenly in VS (Fig.6).

F ig. 7　Rep lication ofBmCPV at 48 h p. .i

“↑” stands for the dark sta ined polyhedrin em bedding

v irions(bar=500 nm)

F ig. 8　Rep lication ofBmCPV at 60 h p. .i

“↑” stands fo r the zoom of the irregu la r shaped heavy

elec tron density ( the imm ature po lyhedra) embedded virions

(ba r=500 nm)
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A s shown in Fig.7 (48 h p. i. ), the v ira l

po lyhed ra prote in began to deposit in parts o f VS,
show ed heavy staining and gradually embedded the

virions. A lso at 60 h p. i., the deposition of v ira l

po lyhed ra pro tein increased and enlarged, the arris

became clear, and the appea rance of e lec tron density

became heav ie r, these w ere imm atu re polyhedra

(F ig.8).

F ig. 9　Rep lication ofBmCPV a t 72 h p. i.
“↑” stands fo r the crysta l lattice of po lyhedra (ba r=500 nm)

F ig.10　Replica tion o fBm CPV a t 84 h p. .i

“↑” stands fo r the m ature and b ig o r sm a ll po lyhedra

(bar=500 nm)

From fig.9, at 72 h p. i., the structure of the

netted crystal lattice of polyhedra can be clea rly

obse rved by TEM. Finally, a t 84 h of trea tment,
severalm atu re polyhedra w ere fo rmed in the cytoplasm

of the infected cells (F ig.10). The m ain shape o f

po lyhed ra is hexagonal, there are a lso v irions show ing

an ova l o r irregular shape. The po lyhedra we re no t

obse rved in cell nuc leus.

4　D iscussion

4.1　The invas ion ofBm CPV

The process of invasion in the cy lindrical cells o f

the m idgu t w as discussed by M asah iko who suggested

that the v irions only discha rged the nucle ic acid into the

ce lls
[ 3]

. In ou r experimen t, we found that the v irions

firstly adhered to the m icrovilli, penetra ted the

m icrov illi membrane w ith the who le partic le, entered

them icrovilli andmoved to the cy top lasm. F inally, the

virions penetrated the double nucleus, removed the

she lls and started to initiate the replica tion. ZhangH et

al argued that the RNA transcrip tase orientated a t the

bo ttom of the capsid projections
[ 5 -6]

. This explanation

is in ag reemen t w ith our find ing s in the present study

since the virions entered the ce lls w ith the whole

particle. The RNA transcriptase is indispensab le for the

replica tion of CPV , and this enzyme is in the

capsid
[ 6]

. M any predecesso rs had indicated that the

nuc leic acid o fBmCPV is no t infectious. W e consider

the w ay tha t the virions entered the ce llsw ith the whole

particle and lead to infection is more accep table.

The third instar B. mori larvae we re inocu lated

w ith BmCPV po lyhedra, observed the p rocess o f

invasion using TEM. The po lyhedra disso lved by the

influence of the basic in testinal flu id and discharged the

virions p inocytosis on the su rface o f the m icrov illus

membrane and ce llmembrane w as no t obse rved. There

is no phagosome in the cy top lasm of cy lindrical ce lls.

The structure of some capsids is vague. This may be

the defense reaction o f cell to destroy the v irions.

M eanwhile, the virions we re observed among the

m icrov illi o f the cy lindrical ce lls at 1.5 h p. .i . The

virions entered the m icrovilli and moved to the

cy top lasm after 6 h p. .i . The process carried on w ith

the whole partic le. This ind ica ted that the penetration

w ith the whole partic le is one w ay of penetration o f

BmCPV. On the process of invasion of in tac t v irions,
we had not observed the sp lit of the m icrov illus

membrane. W e infe rred that the re is an ex treme sm all

gap, but big enough to le t the v irions enter. When the

virions en ter the ce lls, it probab ly happens the

phenomenon w ith disso lving the membrane that is brie f

and ting, bu t the ce lls can repair them se lves and

ma in tain the in tact membrane afte r the v irions

penetration. The p rocess may invo lve some chem ica l

reactions or effect o f some enzymes. It is ve ry use fu l for

curing the disease to study and unfo ld themechanism o f

invasion ofBmCPV.

4.2　The rep lica tion ofBm CPV

A fte r en te ring the cy top lasm , the nucleic ac id

(dsRNA) moved to the ce ll nucleus whe re dsRNA

replica ted and pro lifera ted. A fter the eclipse phase, the

ne tted VS fo rmed in the cy top lasm. It is the membrane

that has independent struc ture, irregu lar shapes, and

no boundary w ith the cy toplasm. The b iggerVS fo rmed

when several VS m ixed. It can occupy an extensive

area of the ce l.l The heavy electron of the surface o f

81



中山大学学报 (自然科学版) 第 45卷　

the VS concen trated and many v irions formed. The

virions we re w rapped by membrane. Then the ma ture

virions moved to the cy toplasm , embedded by the

po lyhed ra p ro tein. F inally, the intact polyhedra

formed, and one o f them can con tain thousands o f

virions at random
[ 4]

.

The p rocess of replication and development is

betw een the form o f new virions (24 h p. i. ) and

sh rinking of the v irogen ic stroma (VS) (48 h p. i.),
both the proliferation and fo rm o f new virions also

happened in this period. The polyhedra deposited to

embed the virions a fte r 60 h p. i., and the new

po lyhed ra fo rmed fina lly.

5　Conclusion

The study aimed to observe the process o f

invasion, pro liferation , and replica tion o f BmCPV in

the infected larva in vivo, the results are as fo llow s.

The virion go t in to the m icrovilli by pene tra tion o f

the pe ritrophic memb rane w ith the w ho le particle, and

then invaded the cy toplasm of the cylindrica l ce lls.

This is differen t from the w ay tha t penetration o f insec t

prim itive cu ltured ce lls. The v irions absorbed on the

su rface o f m icrov illi, then discharge the nucleic acid.

This may be ano ther w ay o f invasion o f BmCPV in

tissue ce lls.

A fte r entering the cytoplasm o f B. mori's
cy lindrical cells, the v irions can be seen in the nucleus

and initiated the replication afte r the eclipse phase.

The offspring virions fo rmed in VS, and the

po lyhed ra pro te in embeded the intact virions, and then

the new virus particle formed.
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质型多角体病毒在家蚕体内入侵与复制研究
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摘　要:采用在家蚕活体内研究家蚕质型多角体病毒 (Bm CPV) 的入侵增殖复制过程 , 探讨 Bm CPV的入侵过程和增殖复

制机制。实验用健康的三龄起蚕经口接种 Bm CPV后不同时间取中肠后部固定 , 制作电镜样品 , 在透射电子显微镜下观察 ,

结果发现 Bm CPV病毒被食下 1. 5 h后 , 在中肠上皮组织圆筒形细胞微绒毛之间有病毒粒子存在 , 6 h后病毒进入微绒毛内 ,

并向细胞质移动 , 9 h后观察到圆筒形细胞质中有病毒粒子。作者认为病毒入侵是以整个病毒粒子穿越中肠围食膜 , 吸附

并进入微绒毛 , 感染圆筒形细胞 , 与前人病毒入侵只是髓核进入细胞 , 而病毒衣壳仍留在细胞外的推测不同。随后病毒核

心物质进入细胞核 , 启动复制循环。经过隐潜期后病毒复制 , 在感染 24 h后 , 细胞质中形成病毒发生基质 , 子代病毒开始

形成 , 逐渐增多。感染 48 h后 , 圆筒形细胞质中的多角体蛋白逐渐沉积并将病毒粒子包埋 , 最终形成新的多角体。

关键词:家蚕;质型多角体病毒;入侵;复制
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