Seri. J. of Korea Vol. 16(2), 1974

RE MRES AW vl0laA0) BE TH L
FRIE WERRO /5 MIMMEY 3 FiR

K 4 #
BHIRRE BRI

Studies on the Transovarial Transmission of Cytoplasmic Polyhedrosis Virus
with Reference to the Phenomena of Induction, Interference and
Virulence Enhancement in the Silkworm, Bombyx mori
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SUMMARY

Transovarial transmission of cytoplamic polyhedrosis virus in the silkworm was studied by
observing the phenomena of induction, interference and virulence enhancement in the larvae
from moths inoculated with hexagonal polyhodra of cytoplasmic polythedrosis virus.

The experimental results obtained are as followings.

1. The effect of inoculation with tetragonal polyhedra of cytoplasmic polyhedrosis virus on
the rate of infective induction with hexagonal polyhedron virus and with hexagonal plus
tetragonal polyhedron viruses in the larvae from moths infected with hexagonal polyh-
edron virus was studied. Infection rate was higher by 40 to 60 percent in the larvae
from infected female group than in the larvae from noninfected female group.

2. In the studies of the effect of formalin-feeding on the induction of infection with
hexagonal polyhedron virus, infection rate was higher by 40 percent in the larvae from
infected female group than in the larvae from noninfected female group. However,
there was no significant difference in the infection rates between the two formalin-
concentration groups.

3. The effect of cold treatment on the induction of infection with hexagonal polyhedron
virus was studied. Infection rate was higher by 50 percent in the larvae from infected
female group than in the larvae from noninfected female group. No difference was
found in the infection rates of the two treatment groups of 12 and 48 hours.

4. The phenomena of induction and interference were studied by observing rate of infection
with hexagonal polyhedron virus induced by the inoculation with tetragonal polyhedron
virus. The degree of interference of primary hexagonal polyhedron virus by secondary
tetragonal ployhedron virus was increased as the dosage of secondary virus was increas-
ed. At the concentration of 1X10%/ml of the secondary virus, the degree of interference
was similar to.that of control group. On the other hand, infection with tetragonal poly-
hedron virus at low concentration was interfered by the primary virus. At the concent-
ration of 1x107/ml of tetragonal polyhedron virus, however, the rate of infection with
tetragonal polyhedron virus was increased sharply, which is still lower by 30 percent
than that of control group.



5. In the studies of induction and virulence enhancement, based on the rate of mixed

infection with hexagonal and tetragonal polyhedron viruses, the highest difference of

infection rate between experimental group and control group exceeded 40 percent when

the concentration of tetragonal polyhedron virus was 1x10"/ml. However, the infection

rate of control group was not affected by concentrations of tetragonal polyhedron virus.
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AR ik BRAA ®z @gadda syt o
AL e BHERe WER vlol 8 A2 E EEHA Fikdl
oh m vhut RIEHHY Fiez ¢ 4 4. F 4
olel £ & IEi{bate FRHRESE AMAS S volzzd
s HRs

B (1962) st HHE (1962, 1964) MK S A8 vt
ol 29 WIMEES ZEHISH o, BKU962) = 58
HES 5°ColA 24N AEEET F+ EXAES ¢
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(1963) = KEBHH/BA 48 59 BRERD B\
HEE 4 499

BREEE Egld vlolel ARy BREEe 99
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BEES b AREE Al g4 REH <
W R BERS A$de A 2R @HE 1959,
#3% 1961, HIIE 1966).

GEEE B RESAE voldxd MihELS A
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vlo] & 2 9 MHHEE & aEE viol 2 =0 BEERE] ¥
gtel. ol R L HMKESAR uolsar ABEERS 2
Al A WEE HELSAR volilas BT Ao
o}, o] # {EIEpEE ) vlo) )~ oSS EERE
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o A% FKE vhelgart —k REEYew “E
JEuRe] T ot SH &El vl A% {#fslm 5°C
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PR 8 AlSa A M (Streptococcus faecalis, Serr-
etia BE) & Bt X2 FH vold 2% Wi
S5 FHHEHEL dodAd FUANCHES 1971). %
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fuEs 5o HELSAE volusd MELMAE
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o AS ~5°C, BHUREY A%+ —20°C Wil &
w3 A gk

5. el HMRRS AN BRSAM FMAE

RES 0.85% LB REKe ¥x @EEs Fik
o WEEAS. D SR 2ES Sake
micropipette € ©] 3t FHFE BERE HEL 0l
AL 9 slide 9o B B#etgl o}, B F2 slide
$le] Giemsa P& I1mlgolEedm o] & ¢ EA 2
o Z2EgAA 4 WA 5E MEF % SF4R EESA
s dh. k" Rt RBEEETA 1, 0004
A 1,500%5 2 Biggstz Bk AL MREASAR vl
g2, Gitd AL BESAER doldiz FESNA
o}, old] AHEES AL BEFHHMEeR FB
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WEY gl A REGt2 —KE EBEESEL L
HET AL A k2 REEEIEEA 98d H
sEatglch. olel BEHNHRBRAAN T 12,8005 3
Ag HilFES ALt REstd e

NAM = MARY MELAE vl a2 FE
B PRERS 44 58 kEdd e FirTs
41 o] 4] BEFESR (Homogenizer, type HB, Mitamura Riken
Kogyo, Inc.)2 5,000 Y]A 10,000 rpm &= BEERESESY
o, BRE%S 2 WA 349 Az= EEAA 2 g
AitE Bt o B8 BEK-S 1,000 rpm of A
104# 7,000 rpm ol 4 3055 HY BOSEES Y S AR
2ot fEo] BAE HAESS: BEFAT zelz ¥
o2 7,000 gl A 104 SEOBME BERE sucrose
density gradient centrifugation (Brakke, 1951) 0. & <
s}at 4 e}, owll sucrose density gradient ¥ 1,050
gm sucrosed 500ml & FF5o] Pz fn#ete] BHEA
7 S FRo s A4adth sucrose IFRE S
O ZrHEER 2l % (60 ml FE)RS] ol A XY 90, 80,
70, 60, 50, 40 ¥ 30%< ®EES A% 5mi4 10ml
pipette & stz o) A& 5°C Byl 18 o4 R
A FdERY sucrose HHEOl A= AA A o
7ol Ful" RHBR sucrose B Lol LAk
BEHS 5 WA 10ml E Fsts 14 3,500 gl 155
B omOsrEstdl e RO B F Rt 3
10m! H4tmz Beifsrd 50 WA 70% B = o
AL 3 ZH52 HAHAT. JAH LHBEN

#-e ©rA 5,000 gl A 3058 EmOSHESE BRE K
EEER Eoe nEddcs 2Hz SEET A=
o] A A} sucrose density gradient centrifugation o} -
& = 0.005M EDTA = A4 BEEs 4E
gt AR M-S R dAAE 2%
euchrysin © & Y@ et # AN e = gmsta
ol W kel t ML WA JEtEd W £/
e w - oetA sz 44 ¢ F Al

7. MRS HM HlolH A S¥

&y wolgl 29 #igSHE Yasuhara 5
(1964) = Hukuhara$ (1966°) 9} kel £8h¢} A A
gtk & 0.2M NaCO; ¢ 0.2M NaHCO; B¥ S
1:92 BA&E alkali B 1mlol #Mils M £AERA
x10%/m) 7t el A2 F f st o3& % 1WA 2
B BBl HiEste £AlAA el 2T &
o] voxHagdch ozE 859 SRR 34
B 5,000 gl A 10571 HLGEES ] FEES A g2
WwBe SAanE stz 2 LES A

LW 10,000 g 14 1R EOSEES A ER
vlol Y 2R FE 29 FHFE FAA. HMigs
BEsl wiol 8 2T BTEES 95t HESAH

8. BFEEMMEM <5t HoldAL FE

A EHIA A4S BTEMES Hitachi, Model
HU-11E 24] #% 75KV ol A wBhstdct. upol 2] [
Fe A BFEHEDEA AL M S el 2
gisgste HEd BEA veld 2F gisste 7 71X
o Hkew FydAvh MM AR BRE
RES FHlA HHE £ARS 0.5M NaCOs st
0.5M NaHCOs 5 1:92 A alkali el 4114
Sl 304 V1A 1B HiEst e ot £ Aot BEER ol
BEe 8 THTE FAtT o[ A& 100,000 g2
IR s O R st o] BT HMEI e 2 T violex
o B Ak, uelyaE gHgss sidAE
200 mesh grid $lol formvar =% collodion F#H & #
etz o] AR gridE RHEE ol ST HEAKS
2 THEES fmstd g

u}o] 8] & Yuff & negative staining method & A &3}
o th. sl potassium phosphotungstate(PTA Stic.
Chem. Co.) & ZFool 84 2 (W/ V)2 &2
o)7le] pH &= 1IN NaOH e s 7.002 HEAA A
astdvh. R He WER grid Yol micropipette
o2 wold & BREYE $E WiEd Rz o
A& Zv]5 2% potassium phosphotungstatee] 3 WA
550 Yol ol shgol Ky wtolfaE w4
fewE % ETHEMEeR B
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BER volel 29 REe Byd RE HEd Tra-
ger's B medium o Yz BEEAESTAAN SBE
sz ol e o 2A st —k EERY 5%
glutaraldehyde o 6071 BES Aot —K EED E&
£ Trager's B medium o] 204 ¥ 23 grMgstdvh. ¥
g Bidke Tk BERY 2% osmic acidd] 1117 2
B Bty b4 Trager's B medium o} MG
o, Tk BEE" #s&e 25, 50, 75 4 100% ethanol
of 2t 25 W= 30 4 4 AR ES AR & propylene
oxide of 48k¢Rd BRASIG . FEalkE @& 50
504 propylene oxide & resin(Epikot 812) BA&¥ 1
BRY 2ime @RS AR resin(Epikot 812)f
fosstg o, Wy gelatin capsule S BT &Y
4 gola 60°CY AN 3 WA 48H EkAR
. @R B MK ultramicrotome (Servall
MF-2)-& Abg38te 201 =] 10mm/sec EEZ 60 WX 300
mp o FAlz PN RE 88 REL posi-
tive staining method & & %3¢}, <] = formvar &
WA 200 mesh grid oF WA 2 400 mesh grid

Fig. 1. Virus isolated from polyhedron of cyto-
plasmic polyhedrosis virus in alkaline

solution, ( x 45, 000)

E A48t ReEHFBES 2% uranyl acetate £ 305
M —% peste 25E5FE BB G5 lead citrate
(Reynolds 1963)% 304 M “H %fstz vy ETF
Hitisio = BESU-h. BTEREEE] 98 HRE
SR whole 29 kL Fig. 1,2,3,49 2o

Fig. 2. Apical cytoplasm of cylindrical cells
of mid-gut in the larvae of silkworm
illustrating several virogenic stroma.
(% 39, 000)

Fig. 3. An early virogenic stroma with mature
virus particles of cytoplasmic poly-
hedrosis virus.(x17,9000)



Fig. 4. Relatively large virogenic stroma associ-
ated with polyhedra and virus particles of
cytoplasmic polyhedrosis virus.(x17,000)

9. MAMKEZAM dloltAe] &kmmE

—& Pl BRS(1966)9 REFiko Fto] wt
AR Mo MRESAR vloldxd LA
£ 0.85% BEKo] #¥Este] 105/ml 2 A3tz o)A
& BEReE o] KA BIRAA dHsach F
#AGAE & 24ml & 1\ 2ml A4 12612 Vire &
e, Hik BolA e 2.oml & oM AA #EEs
g HEE ColAE 3.0ml4 4Ez o] Egieigl
th d7e A8 s KREE 3.5kg o BHEY Aoz @
R 2008 & MR 2RME REESN BTH
1REA e

TR e A ERauEe B A anAnEpT s
(Goldman 1968, Kawamura 1969)¢] &} d}o}
globulin & HERe 28] gbELAS. o2& 1lIFel
g etel YU (ChkeE 1:160)-¢ At

Flucrescein isothiocyanate (FITC, Sigma Chem. Co.)

WMo BIOAHRBFBHEE 2R FS A Hw
’l““ﬁliﬁ}rﬁ&“:ﬂ 3 ez eI F§ 36 mlY

M HREEAEK(EH 7.5 2ff 348z o

7"4 20 HRPHEES A A9 ‘”‘4 E 2] 8 A1 magnetic
stirrer 2 Al A 30454 o WY Hagne
9,000 rpm | 155H AEECFHES A BHEY globulin
o WwEmme d9ct. k= globulin 2 thA 30ml
BB E AR BERS 5ol 15 mlY P
& 305501 AA AAE A AAA 2443 mEd
B oA 9,000 rpm®] 1550 ByREECo B Al
globulin € &3} ol 9} Z& AEE 2@ ¥ KESD
e 48 HEESS Sml o BHERHEAEKE 34
ach. HA4% y-globulin B#EK-S
meter ol oA REHEZE WES 2 FITC = JHEH
EHEES 1/150 B2z #HE5A A 4819 r-globuling}
FITC 9] &4 %% 2 carbonate-bicarbonate buffer o] &

Q& -

protein fraction

B9 FITC ¥ xel r-globulin &
24FR & A 7 sh FITC o &A1 rg]obulm«l &l
2 o] 30cm, HE& 2.5cm F2%e] sephadex G-25
(Pharmacia, Uppsala, Sweden) column -% A}-83}¢] A
Attt o] Wl AL ST BB AEEAK (pH 7.5) 9]
B2 200ml 2 559 HEE 4 Hml/hr 2 2349
Al et o) F A 29 s0mlute B S. S3
5 FITC r-globulin & HEME A 2341 450 @2 o] A
¥ polyethylene glycol o #fIgE#Eel Yol 1R #iE
Aok @R BEEE FITC r-globulin #3E¥s) pH7L
6.3 2= 7Ax BEEHEE A (pH 6.3, 0.017 M)e] 24
Fefd ol A #Ersta . 28 o PR E Krywienc-
2yk(1963) el Zotol FEMBT WA A IR R
o8 BmEHg . o2l —80°C MiRERel RS E 4
A2 AHEEg e

10. HWRES AR Hi0l A0 S BRHMEEE

RREENHREEL MELS A499d. F HURGHE
HEL£HE) S F32) slide 9o BE sl o7&
99% acetone (FF L5 1971)] 20401 Sl A BES
o3& HEMBRKES 29, Bz AT —K
miFHE £u2 R WTAA 37°C ERBA
A1 30 WA 60 7P REEA R % MEHEEIaEEK (pH
7.5) 2 JEgpmEES Aol BrEdAc oAl 1: 10
2 H4Y TR e 29 fTee REAN & &
iRE o5 whiEshel o ol B A HEPUIRES] BT
il 'f'rﬂ slide 910l 1:99) BEEERE REIRS ¢lycerin
BAEWE 2 WA 38 wojme] AWM i(TlYOdd
fluorescence microscope FM-200A)o] A kst gl o, ©
HOERY mEAREBeR Ber BV ¥ UV
filter - At-&-ste] MHRFFIEe 2 #ocelol v,

KERES #, +, &, —9 4oz Jriled
+o @EER ot ERESME vl s 29 MR

A4 8] 4lo] 4 5°CelA

Fig. 5. Fluorescent stained hexagonal and tetra-
gonal polyhedra of cytoplasmic polyhed-
rosis virus. (x4, 000)
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Fig. 6. Fluorescent stained tetragonal polyheda
of cytoplasmic polyhedrosis virus.
(x4, 000)

Fig. 7. Fluorescent stained teagonal polyhedra
of cytoplasmic polyhedrosis virus.
(x4,000)
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Table 1. Effect of Inoculation of Tetragenal Polyhedron Virus on the Rate of Hexagonal Polyhedron
Virus Infection and Mixed Infection with Hexagonal and Tetragonal Peolyhedron Viruses
in the Larvae from Moths Infected with Hexagonal Polyhedron Virus.

Infection Rate (%)
Cross-batch Replication Virus Concentration
1x105/ml t 1% 108/ml ] 1x10%ml | 1x10ml
Noninfected female 1 3.3 6.7 ] 16.7 [‘ 3.3
X 2 | 18.3 6.7 16.7 ? 20.0
Noninfected male 3 \ 3.3 \ 33.3 6.7 | 20.0
(R XB) Average | 6.6 \ 15.6 13.4 } 14.4
Noninfected female 1 6.7 13.3 ) 23.3 ‘ 20.0
f
X 2 0 16.7 } 20.0 l 16.7
Infected male 3 6.7 3.3 10.0 | 13.3
(2%3) Average 4.5 1.1 ] 17.8 ' 16.7
Infected female 1 46.7 60.0 ’ 76.7 63.3
X 2 60.0 63.3 , 80.0 76.7
Noninfected male 3 53.3 50.0 76.7 73.3
(x5 Average 53.3 57.8 77.8 71.1
Infected female ; 1 [ 63.3 60.0 73.3 63.3
X \ 2 60.0 63.3 70.0 63.3
Infected male J 3 \ 46.7 1’ 60.0 70.0 66.7
(2% &) . Average | 56.7 \ 61.1 71.1 64.4
ANOVA
sy \ DF ss ] MS | F
" Total { 47 16,016.49 | - —
Replication , 2 40. 52 ’ 20. 56 | 0.50
A s 13, 853.52 l 4,617.8 | 113. 32+
Error(A) | 6 244.51 | 0.7 | —
B |3 830.10 | 207.37 | 8.93%*
AB L9 209. 46 E 23.27 0.71
Error(B) B 788.39 | 32.85 | -
C.V.=Main plot; 17.53% LSD 5% 1% BJ]—B; =—4.8 65¢

Sub pot;  15.74%

A;—A1=6.38 9.46

AB,—AB;=9.66 13.03

— 6 3
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Fig. 8. Comparison of rates of infection with
hexagonal polyhedron virus and with ha-
xagonal and tetragonal polyhedron viruses
in the larvae from infected and noninfec-
ted female groups.

2, & : Noninfected female and male moth.

®, ¢ :Infected female and male moth.
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Table 2. Effect of Formalin Feeding on the Induction of Hexagonal Polyhedron Virus Infection in the

Larvae from Moths Infected with Hexagonal Polyhedron Virus.

7 Infection Rate (%)
2 % formalin 3 % formalin
Cross-batch .
Replication Replication
Average  Average
1| o2 | s 1| 2 | s
Noninfected female
x
Noninfected male 6.7 10.0 0 5.6 3.3 6.7 3.3 4.4
X8
Noninfected female
X
Infected male 26.7 6.7 3.3 12.2 3.3 16.7 3.3 7.8
2x$)
Infected female
X
Noninfected male 60.0 56.7 43.3 53.3 36.7 50.0 53.3 46.7
($X3)
Infected female
X
Infected male 40.0 43.3 46.7 43.3 53.3 33.3 46.7 44.4
(®2x$)




sV | DF ‘ ss | MS F
Total 23 5,953.73 — —
Replication 2 110.23 | 55.12 1.69

A 3 5, 160. 39 3 1,720.13 52. 66+*
Error (A) 6 195.98 j 32.66

B 1 14.82 l 14.82 .27

AB 3 31.24 | 10.41 0.18
Error (B) 8 441.06 ) 55.13 —

C.V.=Main plot; 19.89% L.S.D. 1%

Sub plet; 25.84% Ay— =8.07 12.23

B,—B: =6.99 10.17
AB;—A;B;=13.98 20.34

"
o
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Fig. 9. Comparison of rates of infection with
hexagonal polyhedron virus induced by
formalin feeding in the larvae from
infected and noninfected female groups.

2, & : Noninfected female and male moth.

® . & :Infected female and male moth.
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Table 3. Effect of Cold Treatment on the Induction of Hexagonal Polyhedron Virus Infection in the
Larvae from Moths Infected with Hexagonal Polyhedron Virus.

\
{

Infection Rate (95)

12 hours’ ‘ 24 hours’
Cross-batch e
Replication ’ Replication
Average | Average
1| 2 | 3 2 | 3
Noninfected female |
X
Noninfected male 13.3 10.0 13.3 12.2 13.3 20.0 30.0 21.1
x38)
Nonifected female
M X
Infected rale 23.3 10.0 10.0 14.4 16.7 10.0 13.3 13.3
(8x@)
Infected female
X
Noninfected male 50.0 63.3 80.0 64.4 66.7 73.3 73.3 71.1
ex8)
Infected female
X
Infected male 40.0 60.0 80.0 60.0 80.0 63.3 80.0 74.4
(2x9Q)
ANOVA
SV | pF | Ss MS F
Total 23 7,422.86 — -
Replication 2 176.93 88. 46 2.10
A 3 6, 502. 98 2, 167. 66 51. 50**
Error (A) 6 252.52 42.09 —
B 1 129.22 129.22 3.59
AB 3 73.17 24.39 0.68
Error (B) 8 288.03 36. 00 —
C.V.=Main plot; 16.59% L.S.D. 1%
Sub plot; 15.34% A—Ay =9.17 13.88
B,—B; =5.65 8.22

A1B2——A1Bl—_—11. 30 16.44
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Fig. 10. Comparison of rates of infection with
hexagonal polyhedron virus induced by
cold treatment in the larvae from inf-
ected and noninfected female groups.
2, & : Noninfected female and male

moth.
® 3 :Infected female and male moth.
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“Table 4. Effect of Inoculation of Tetragonal Polyhedron Virus on the Rates of Infection with Hexagonal and

Tetragonal Polyhedron Virus in the Larvae from Moths Infected with Hexagonal Polyhedron Virus.

Infectlon Rate (%)

1x105/ml 1x10%/ml 1x107/ml J\ 1% 108/ml
Cross-batch Replication |5 © | =% €% €| = &|=% & |3 S| s &= &
| g%i%%%%%e%%ée%%%%
. s Tl Rl R EldEldEle £YE
| 5 58 5,8 o] 5185 18 .8 5|8 3
| oA | S A f’,:x: S A m A S A oA & A

Noninfected female | 1 o | 100 o 20.0 | 0 60.0 | o© 93.3
x 2 100 | 33| o 23.3 | 0 ’ 40.0 | 6.7 | 53.3
Noninfected male 3 0 3.3 | 20.0 | 33.3 0 < 26.7 0 | 63.3
(2x8) | Average | 3.3 | 55 | 67 | 2.5 | 0 42.2 I 22 | 70.0
Noninfected female | 1 6. 10.0 T 0 30.0 | 3.3 | 500 | 3.3 ]| 46.7
% ’ 2 0 16.7 | 0 30.0 0 40.0 3.3 | 50.0
Infected male 3 3.3 | 267 | o 33| o 383 | 0 | 533
(2x$) Average 3.3 | 17.8 0 { 34.4 L1 | 410 2.2 | 50.0
Infected female ! 1 43.3 | 3.3 | 433 | 3.3 1 67 | 67| o0 26.7
% ] 2 43.3 | 13.3 | 26.7 | 10.0 | 23.3 | 3.3 | 2.3 { 16.7
Norinfected male I 3 43.3 3.3 36.7 0 ‘ 20.0 10.0 0 26.7
(2x8) | Average | 43.3 | 6.0 | 35.6 | 4.4 | 167 | 6.7 | 11 | 23.4
Infected female 1 60.0 | © 50.0 | 0 13.3 ; 16.7 | 67 | 200
x } 2 5.0 | 0 36.7 | 3.3 | 6.7 | 13.3 | 6.7 | 33.3
Infected male | 3 36.7 0 3.0 | 33| 67 | 100 | 0 30.0
(®x3) | Average | 48.9 | 0 38.9 | 2.2 l 13.3 | 4.5 | 27.8
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Fig. 11. Comparison of rates of infection with hexagonal polyhedron virus (left) and with tetragonal
polyhedron virus (right) in the larvae from infected and noninfected female groups.

2, & : Noninfected female and male moth.
® & :Infected female and male moth,
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‘Table 5. Effect of Inoculation of Tetragonal Polyhedron Virus on the Rate of Mixed Infection with
Hexagonal and Tetragonal Polyhedron Viruses in the Larvae from Moths Infected with

Hexagonal Polyhedron Virus.

Infection Rate

Virus Concentration

Cross-batch Replication
17 105/m1
Noninfected female 1 3.3
X 2 3.3
Noninfecied male 3 3.3
(2xB) Average 3.3
Nommeaed female i 1 \ 0
% i 2 0
Infected male ‘\ 3 3.3
(2xd) i Average 1.1
Infected female 1 3.3
X 2 16.7
Noninfected male 3 10.0
(2x8) Average 10. O
Infected female 1 3. 3
X 2 10.0
Infected male 3 10.0
(23 Average 7.8
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Fig. 12. Comparison of rates of mixed infection
with hexagonal and tetragonal polyhe-
dron viruses in the larvae from infec-
ted and noninfected female groups.

2, & : Noninfected female and male moth.

-,

@  Infected female and male moth.
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