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Abstract The process of invasion and rep lication of Ban byxm ori cytoplasn ic polyhedwsis vims(Bm CPV) in the silkwom. B on byx
moriwas studied Aftermoling the hind mnstar lavae of B. mori was nocuhted w ih Bm CPV then the hind midgut of the infected
larvae were dissected at different miewals prepared as ekcton microscope specmens and visualized w ith the transn isson election
micwscope ( TEM ). The results indicated thatBm CPV virions were obsewed associated with the m icrovilli of the cylindrical cells at
The virions entered them icrovilli and moved to the cytoplsn 6 h p. i. The virionsw ere obsewed i the

then absoibed and nvaded the

micwovilli for nEcting he cylindrical cells W ith the vimus degradatbn  the viral corswent no the nucleus and got under way of

1. 5 h post infection (p. i ).
cylindrical cellat9 h p. i.. The intact virions p wbably penetrated thwough the peritrophic membrane

mu Itip lication A fier the eclipse phase the new fom ed vimgenic strana (VS) was bund in the cytop hsn of cylindrical cells at24 h

p- i. Furhemore the progeny virions appeared and heir nun bers increased gradually  The polyhedrin deposited o anbed the virions

to om the polyhedron at48 h p. i.
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Banbyx mori polyhedrosis  vimus
(BmCPV ) belongs to he genus Cypovirus in the fan ily
Reoviridlae The free vimses of BmCPV invaded the

eplicated in the cytoplasn

cy top lasn ic

cy Indrical cells of m dgut
and fnally polyhedm embedding virbns fomed '™ 7.

M asah ko conducted a seresof experments b study the
entty of the cytophanic and the nuclear polyhedwsis
viuses nb sikwom midgutepihelial cells culired in

vitw  whose fnding showed that only the core
substance of CPV was npcted nb the cell while the
viral capsd was left on the cell surface’ . The

culured Heliothis am gera  extemal cells were

noculated with A

mechanisn of penetration of hem Itwas found that the

amgea CPV o expbr the

capsid pwjectons of viral particle adhered to the
surface of micwovilli and the nuckic acid lumped in
the cytop hsm, and moved to the cell nucleus Finallg

he virions and empty virions were obsewed n the
|

phafgoscme[1 . This experinent was carried out in the
midgut of sikwom by negative staining and
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cytoplasn ic polyhedrosis vius penetraton
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rep licaton

Trangn ition ElectonM icio scopy (TEM ).

1 M aterial

1.1 Prmopagaton and purification ofBm CPV
The fourh nstar lavae of B. mori were fed on
mulbeny leaves smeared w ih BmCPV polyhedra ( 10’
polkhedm /L). Six hours laer the sikwom swere fed
on the nomalmulbeny leaves Before themaumtion of
he sikwom, midgutswere colleced put in a mortar
and grinded then filtered by wo pieces of gauze and
one piece of absoibent cotion until obtained the
solution'? . The solition was centrifuged with 10 g L
sodium dodecyl sulpate (SDS) and sucwse at the
different density gradients ( 400-500-600 g /I.). The
sediment was then purified polyhed a of Bm CPV,
sored at4 C,
1.2 B. morivargty

Sikwom used in his sudy was the 9Fu X 932

variely fim Guangdong Sericu lure Co

and

( 2005K 004)
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2 M ethods

2.1 Prepamation and obsewation ofBm CPV
negative staining sample
2 mL purified polyhedra of Bn CPV was centrifuged
and the sedimentwas m ixed with 5 mL of 0. 06 mol L.
NaCO; and 0. 1 mol/L NaC1 (pH10.8) for 30 min
then the BmCPV was centrifuiged wih freezing
ultracen trifige and mixed wih 20 ¢/ L ({#H7.2)
phosphotungstic acid (PTA ) for2min A ferwashing
and drying observed by JEM-100CX /Il TEM.
2.2 Preparation and obsewation of TEM sample
ofsikwom m dgut

The third nstar lawae after moltng were fed on
mulbery kaves aneard wih a concentmton of
polheda suspension (10’ polyhedra 1.). Six hours
latey the silkwoms were fed on the nomal muberry
The poserior half of midgut fran infected
lazvae wer removed and extracted at the follow ing
ntewals 1.5h 3h 6h 9h 12h 24K 36h
48h 60h 72 h and 84 h The sanples wer fixed
wih glutaraldehycle (40 g 1.) washed in 0.2 mol L
phosphate bufler four tmes for 10 mn each tme

leaves

dehydrated in a graded series of ethanol solutions
(35%, 5026, 70%. 90%, 100% ) for 10 min each
tme The specimenswere dehydratedw ih acetone wo
tmes for 10 mn each tine then pemeated with a
m ixure of one volme of acebne and one volme of
epoxy tesi, then with one volune of acetone and wo
volme of epoxy msin finally with he pur epoxy
esn  The specin enswere enbedded in epoxy resin

placed in dryers wih 70 C for 8 hours ormore and
rimmed the sections and made reservations to cut
sheets at the hickness of 500 angsbms (A), put the
sheets on copper ned stained w ih uran um acetate and

lead citiate observed by JEM-100CX /I TEM.

3 Results

3.1 Momphobgy ofBm CPV

A fier decan position of he purified polyhedra of
Bm CPV,
prepared as ulirathin sections and then obsewed by
JEM-100CX AT TEM for shape and size (Fig. 1)

Fig. 1 showed the geneml! appearance of Bm CPV.
The virions show a circular outlne
about 50-65 m,
hexagonad

extracted the virions negative stained and

the diameter is
the sulm it of shell is pentangularor
ube shaped
pojecton Same are empty virions with no nucleic
acid

fim  where stetching a

Fig 1 BmCPV by negative staining technijue
(bar=200 m)
3.2 The process of ently ofBnCPV inb the
cylindrtcalcells ofm dgut
The hird nstar larvae of B. mori after molting
wer fed sneared with a
concentration of polyhedra suspension ( 10 polyhedra /
L). The midguts were extiacted fran the infected
sikwom at intervals made into the ulirathin section
and observed by TEM (Fig.2 Fig.3 and Fig.4).

on muberry leaves

Fig.2 Penetration of Bm CPV atl. 5h p. i
“4” stnds for he entty of virons in microvilli ( bar= 100

m)

Fi.3 Penetraton of BnCPV at6 h p. i
“A” stands br he entty of virions n m cwvilli cylindrical
cells ( bar=200 m)

The thid mstar larvae after moltng ake the
mulberny leaveswhich were sneared with Bm CPV, the

pebhed m dissolved on_the eflectofbasic intestinal, flun il
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and released the free virions At1.5h after infection
he free virbn penetrated thwough the peritophic
menbrane Sane virions of the intact virbns entered
he microvilli of the cylindrical cells howvever the
others enered the microvilli (Fi.2). Fig.3 showed
the virions occurred in the micwvill of the cylindrical
cells

Fi. 6 Replication of Bm CPV at 36 h p. i
“4” stands for he VS shrinking and distributed with virbns
(bar=500 m )

shaped and big or amall virogenic strama ( Fig.5).
There are no cell owganelles in the stranas the
offspring virions fomed at the edge of sttma and
distrbuted Mowrover 36 h afier nfection te virions

) Fyg4 Penf’?aﬁon OfB.mCPV at? h P i gradually extended to the center of strana and the VS
stands for e virions entering the cylindrical cells ( bar gradually  shrunk he fomery fomed stana

=200 m) distrbuted w ith virions evenly in VS (Fig. 6).

At9 h p.i, the ntact virions were obsewved in
he cytoplasn of cylindrical cells (Fig. 4). The virions
need about nine hours to canple® the pocess of being
eaten by silkwom and entering the taget cell
3.3 Replication ofBm CPV and generaton of the

cytop Bsm

There is a short latent period beween the
penetration and replication (at 9 h to 24 h p.i ).
Furthemow the virions fomed in silkwom betveen
24 h p.i and 48 h p.i, and the obsewation of
sectons at mntervals was shown in Fig.5 Fi.6
Fig. 7 Fg.8 and Fig. 9 “ A

Fig 7 Replicaton of BnCPV at48 h p. 1
stands for the dak stamed polyhedrin en bedding

virions ( bar=500 nm)

Fig 5 Replicaton of BuCPV at24 h p. i
“/\” stands for vingenic stoma (VS) fomed n the

cy bplasm of.Ih.e cylindrical cells A7 Sends br he Fig 8 Replication of BnCPV at60 h p. i
new fomed virbns ( bar=500 nm) “A” stands for he zom of he imeguhr shaped heavy
election density ( the immature polyhedm) embedded virons

At24 p.i, the light stained VS were observed in ( bar= 500 m )
hf(f}’l%k—% ]‘é &W’m%’klcdarcice%%igeﬂ)suflﬁladl ]%]l%cjfrr{)eﬁlc]‘gffublishing House. All rights reserved. http://www.cnki.net
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As shown in Fig.7 (48 h p.i )
pobheda proten began b deposit n parts of VS
showed heavy staining and gradually enbedded the
virions Also at 60 h p. i,

the viml

the deposition of viml
pobhedia potein ncreased and enlarged the arris
becane clear and the appeamnce of electron density

becane heavier

(Fi.8).

these wer mmauire polyhedra

Figz 9 Replicaton of BnCPV at72h p. i
“ 47 stands br the ciystal lattice of polyhedra ( bar= 500 nm )

Fi. 10 Replication ofBm CPV at84 h p. i
“4” Stands for he mature and big or small polyhedra
(bar=500 m)

at 72 h p. i» te stucture of the
netted ciystal lattice of polyhedra can be
obsewved by TEM. Finally at 84 h of teament
severalm atute polyhedra were fomed in the cytoplasm
of the infected cells (Fi. 10).
polyhedma is hexagonal there are also virions show ing

Fran fig. 9

clearly

The m ain shape of

an oval or irregular shape The polhedra wer not

obsewed i cell nuckus
4 D iscussion
The nvason ofBmCPV

The process of invasion in he cylindrical cells of

4.1

the m idgut was discussed by M asah ko who suggested

that.the yirions only dischamed he nucleic acid. into. the

celd”. Inour expermentd we found that the virions
firstly adhered to penetrated the
microvilli membrane with the whok partick entered
hem icovilliand moved to the cytop lasn. F nally the

the micwovilli

virbns penetrated the double nucleus removed the
shells and stared to initiate he eplicaton ZhangH et
al agued that he RNA transcrip tase orientated at the
-6] . .

. This explanation

is in agreementwith our findings n the present sudy

botiam of the capsid projectionsl5

snce the virbns entered the cells with the whole
particle The RNA tanscriptase is indispensab k for the
eplication of CPV, and this enzyme is in the
M any prdecessors had indicated that the
nuc leic acid of BmCPV is not infectous W e consder

capsid[ 1,

he way that he virions entered he cellsw ih the whole
particle and lead to infectbn is more accep table

The thid nstar B. mori larvae were inocu lated
with BmCPV polhedra obsewed the pmocess of
mvasion using TEM. The polhedra dissolved by the
inflience of the basic inestinal flid and dischaged the
virbns pnocytosis on the surface of the microvillis
menbrane and cellmenbrane was not obsewved There
is no phagosame in the cytoplasn of cylndrical cells
The stucture of same capsils is vague This may be
he defense reaction of cell b destwy the virions
Meanwhile e virions wer observed among the
m icrovilli of the cylindrical cells at 1.5 h p.i. The
and moved b the
cytoplasn after 6 h p.i. The pwcess carried on w ih
he whole partick This ndicated that he penetration

virons entered the m icwvilli

with he whole partick is one way of penetration of
BmCPV. On the process of nvasion of ntact virions

we had not observed the split of the microvills
menbrane W e inferred hat there is an extrme snall
gap but big enough to let the virions enter W hen the
it probably happens the

phenan enon with dissolving he menbrane hat is brief

virbns enter the cells

and tng but the cells can wmpair thenselves and
after the

penetration The pwcess may invole sme diamical

maintain the intact memnbrane virions
reactons or effect of sane enzymes It is very usefnl for
curing the disease b study and unfold hemechanian of
invasion of Bm CPV.
4.2 The replcation ofBnCPV

Afier enerng the cytophsn, the nucleic acd
(dRNA ) moved to he cell nucleus where dRNA
eplicated and proliferated A fier the eclpse phase the
netied VS fomed i the cytop han.
irregu lar shapes and

It is the m am brane
hat has independent strucure
no boundary w ih the cyoplasn. The bgger VS bmed
when several VS mixed It can occupy an extenswe

area of the cell, The heavy electon, of, the surface of
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he VS concentrated and many virions fomed The
virions wee w rapped by membrane Then the maiure
virions moved b the cytoplasn, enbedded by the
pobhedia potein  Fmnally the intact polyhedra
fomed and one of then can contain thousands of
virions at randam'".

The pwcess of replication and development is
beween the fom of new virons (24 h p.i ) and
shrinking of he virogenic sttama (VS) (48 h p.i )
both the proliferation and fom of new virbns also
happened in this period The polyhedra deposited to
enbed the virions afer 60 h p. i,
polheda fomed finally

and the new

5 Conclusion

The study amed to observe

nvasion proliferation and replication of Bm CPV in

the process of
he infected larva in vive the resulis are as follows

The virbn got no the micwovilli by penetation of
the peritophic menbmne w ith the whole particle and
hen mvaded he cyoplasn of the cylindrical cells
This is different fun the way that penetratbn of nsect
prinitive culiured cells The virions absobed on the
surface of micovilli  then dischaige the nucleic acid
This may be another way of nvasbn of BmCPV in
tissue cells

After entering the

cylndrical cells the virions can be seen in the nucleus

cytoplasn  of B. moris

and initiated he meplicaton after he eclipse phase

’Y’J‘T‘?:ﬁ ' 29

The offsprng virons fomed in VS and the
pokhedm proein enbeded the intact virions and then
the new viws particle fomed
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