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Studies on the Persistent Infection with Paramyxovirus : HVJ (Sendai Virus) in
Cultured Cells : Characteristics of Temperature-Sensitive Mutants Isolated from HV]J-
Carrier Cultures. Osayuki Morita. Department of Virology (Director ; Prof. M. Hatano),
Cancer Research Institute, Kanazawa University.
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RO EAEIEBT A bic, MEE (35°C
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% HV], o h b 8L 4. Tbb, 22 2
TR X0/ VERO gl HV], (m.o.i:1.6 CIU
/cell) F#i& G2-HV]J @ik HVJ, (m.o.i: 3.0
CIU/cell) %88 L, 35°C T IRsMlomEk, MK
% Hanks # T 2[EI2t# L, 4mlo MEM (no tryp-
sin) M4, 35°C /i3 37°C THEM L /o, BRI
RoOREEEIC, HERPNELS hic HV] ©RKREY
fli (VERO #laTo CIU filEic&k %) 8 & UMK
BEEEREL, TOMl% Fig | KRLE. ‘

Zhs, CIU, HA wFhhr 54 ThH, HV]., O
4 (M) i}, 37°C kBT 3B°C LorEPh L L
RERLIDE, HV],: DIFA, 35°C THMIEH 5
%, 37°C TOMMERIMEIS N, HV], © 37°C #
WEr, ELE HV] o CIU flh, 24sRaik Lo £R
EBLDIE, ts ERKOVDW S leakiness’’ i &
23b0LtBbNBE. DT EH,S, HV]w & 35°C
THMLEBSHM, 37°C THETERVESHL ts
ERBTHELE0VR LD,

M. HV], 124k HV], ic& % Hela #fa @ Hr ke

3704 .

PR, HV] SRy, S Ao HV] % &
Buik, W CPE 281, 20®RERL 1o/ Ngo@ iR
ORERERICE - THRTIINTELYY, 22T, HV]
BRERABIISEERET o bic, RROBETH
571ic HeLa #ila0 HV] #HBRiritxs =4
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HV], %#100m.0.iT HeLa fKICRRH# L, R &
%A, 35°C TiEXT B L, Hehic CPE HER

Table l.A Plaque assay of HV]Jpi from various HV]-
carrier cultures on VERO cells at 35C or 37C

PFU / ml
Virus
35°C 37°C
* 4

HVJpi (HeLa-HVJ) .2 x 10 0

HVIpi { G2-HVJ ) .8 x 10 0

HVJpi (THEL-HVJ) 6 x 103 0
HVJo™* .8 x 108 5.3 x 108

* HVJpi : Supernatant obtained by centrifugation

( 15 min., 5,000 rpm ) : of
cells (1 x 105
**HVJo : HVJ grown in

sonicated HVJ-carrier

cells / ml ).
chick

embryo
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Fig. 1. Comparative yield of HVJo and HVJpi in VERO cells at 35° or 37C
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KbME o L Mo EIEsE- 2. ¥ 3EHD
BET, #0534 ic CPE ho@EEL, 29 =—
2B LE. LhL, 5030 =— 3RS
(HAD) &b ohd, BEO HV] XEBL bBRE
#ERL, HV] Hmpaias LcoE iR 2 -
CABLNEM-t, TOIED S, EEREKIE, ¥
ANZBREGRBNIZSDOTIRE L, > HV] R
KBGO BIRT OB VW I L RO A TH 5, %
£, HV], Rifuick » CHBI W4 v 9 -7 =20V
(IF) #5, HV] #/ s OWBIHRE 2 MG L 2 &R,
MR Y L 2R S> HBRT LicbDEEXI LR
to. —4, moi: 1 Fid0. 1 TS0 HeLa Ml
Tk, REBEET 2@BEI/DL, @ Y EE MR
WA, b 2O AES R HAD BH#T
otz LhL, ThoofatrRIEET 2818
T, BA I MAHEBRORES ML, P B THY CPE
2L, 0%l tomBaicENs LN, D
BoBEMo T ~Tic HAD & FA itk HV]J
fEEE» . Thoofiiaid, DEBoMRRERICE
WwWT, HV] HEELOREEL &7-8F, L HV] It
EELETHREBIAT, o HV] oRBELLIER
HERT L LY, BERRARE AL S A, BiR
RRAARII I, mod @ 1 BT, MR 8HKRAE,
m.oi:0.1TRSKBIBVWTED S5 h i (Table

2). MLDOTEL, EmO.iTORBEOLEMNLDEL
BRI %2 725 Licoid, HV] BB B
3 IF EESDRETES, 74 L 2AOHHES LUK
B ANS T VERCIBS AL s DERRE N
1.

iz, HV], ik 2Bl bic oL TR L 2.
G2-HV] kvotita s HV]u ©, m.o.i : 10,
4, BLU0ATREL, HV], REBEDOIBE LR —%
HTrEEIN. moi: 10, BLXUARETOMMAE
i, BESEMESEE: -BSNSHEEEERLA
25, OB EILE - < 0, MAMBROER LS
Shtipot, UL, > 54K, HAD 8K ¥
FA #100% 04l TH v, HRIMETERRE
O, BERAMEROREEERL . moi: 0.4
BBRDOE S, TxToMEsFRERIILT2&ET
i, 3MEoMmiakEEL 12 (Table 2). Th 6D
$EF12, HV], i & 3mkiibds, HVI OB &
KL, BHTEETHAILERLTVWS., THT,
B RRAR T BEENREBE 55 LBLNERD 2
AIBWT, HV], @ HV], EHASH LBV ERL
tz. 12, HV],: Emoifric BT I A, #
JagiEE RE TV, ¥4b 5 low cytopathogenic
ThHaHTE. D 1>k, HVIw BEOmo. il L
T, BERLOBRTBANEE S ETHSE. Thb
OACHEEL, BrRNAELVORFEUTMAT
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Table 2. Occurrence of CPE and the establishment of
carrier state in HeLa cells infected with HVJo or

HV]Jpi

Destructive CPE

Virus M.0.1
At infection

Carrier state
During passage

HVJo 10 +4+
1 +
0.1 -
HVJpi 10 +
0.4 -

++4 + (8)
+++ + (5 )
- +(0)
- +(0)
- +(3)

*Numbers of passage of the
the establishment of

B,
IV. HV], #7213 HVJ],. B4 Hela #HIQIC B 3
Ny = bsBROY v — L 50BN (GEH
k)

v A4V RRPIT L B CPE REOMBIZ 1 +9812
BEhTWiw, Allison 5% ickhid, o142
HMMEOERELT CPE BEADTHL, v1 V2K
fick-Tdhoahad) vy — LBEOERL, B
L)y oDBROKHN CPE OFRICEE
BEBERLTOSC EASHEEE Nk, 22T, HV],
B HeLa MHMQICBI 3 ) v V- sBROEHIL
%, HV], R0 2 h & RS L 1.

N —¥E® Hela #Ila%, modi: 1 © HV], ¥
kit HV], TRfrta#, 94020/ MEM %
mAit-bD%EMPmiaL L, 35°C, 2 KMoy
1V 2REH%, MEM ek e L, 35°C T,
GERI L L 1SRRI R L 2. BEficb it 32 0%
homlas, ERME L HEoFIER L 2 HETR
BL, Yyv-u (L) 2EE LB (S) S@icsyd
. BABEIcE T BT o 77— EiEHE, BLUR
Hh27 75 - CEHREERAEL. LYBOMER L
BT 5 S Sl o ER O R (S/LE) BEE
ahf. ZDERIF, Table 3 KREhTW3B,

M 7o57 - EERO S/L Kz, JEREMERE T
0.20~0.38DE %2R L 1245, HV], B0 6 KR, 18
Beiflic B 2R T, 1.03~1.20L|mV0EE R L,
DT &R, HV], Bifvic k- T 7o 77— €08
Yy —Lh oIk EERBRLTVWS, I
'L, HV]. R OIS, Btk 6 BT S/L
B 30.1BTsy, kRO E L L HLKT T

HVJ-infected Hela
carrier

cells until

state with HVJ

BEUERERLLHY, REISHFMTOMIZ0.56& 4
D, REEMOBELZQICEEWVETTs3ERERL
fo. COTEMS, HV]y Btic & 3 Y v v/ — o BER
(COBEMME 7T o 77— ¥) OiFH L, BTH
S—KEficTERVWEEL SN, —F, FEEICAIE
IRz 7 > 9 —€EHICOVTIR, WFho
HV] REDIBEICS, Vv —abhboBcEE
BEABBED NG 1.

V. HV], £ HV], it &3 IF E&E

HV], BRE0EE, EmoiTHPhic R0
RIL&A1H5, HV], Tldmo.iz@¥b 3 2 &3, ©
LokmBR b s MLz, TOoREO1-EL
T, EYH IF opEIEAONKL., 22T, 24V R
Hic kL% U 72 HelLa @88 HV], £/ HVI, %
m.o.i: 1 TRz 4, 35°C, 24BEMITOEE LRI
BEEE XN IF 2fIE LT (Table 4). Th% 453
&, IF EAR HV], REBVWTEDSNK A,
HV]u BBV T, 35°C ERBIcBVW TSR, IF
B3 T ER (A

IF EXICKRIEST HV], Omoiic K 2 8% 4 3
&, Table 5 ieR&N B &5, IF EEdm.o.ik
WKELTEBYD, mo.i: 0.1TiE, LB IF E4 %
BHrictELb-, TNODEREMS, HV], ©
Emo.iRPc BT, 2B IF LD, v 4
N RERESME S W R, B RE ORI AR
BolebDEES NI,

—%, HV], Bucs TR, IF 2RETCE L b
- 1eh8, s B(E IF #FMEEH phenotypical 73 D
», genetical KRERXDOLRMNT 201, WA
(8 I T 4E#A L 2 BAZBELD HV],: =D
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Table 3. Activities of acid protease and acid phosphatase in HelLa
cells infected with HVJo or HV]Jpi at multiplicity of 1.0

Cells Hours Acid protease ( PH 5.0 ) Acid phosphatase ( PH 4.8 )
infected after
with infection S-fraction L-fraction S/L ratio S-fraction L-fraction S/L ratio
None 0 69 340 0.20 529 1429 0.37
6 67 228 0.29 582 1983 0.29
18 84 219 0.38 585 1678 0.35
HVJo 6 151 146 1.03 614 1610 0.38
18 FLY 187 1.29 488 1468 0.33
HVJpi 6 184 253 0.73 886 1836 0.48
18 101 180 0.56 I 480 1642 0.29

Acid protease activity : pM / hour / mg protein .{ tyrosine liberated from bovine hemoglobin )
Acid phosphatase activity : pyM / 0.5 hour / mg protein ( p-nitrophenol liberated from
disodium p-nitrophenyl phosphate )

WT, HVJ, toHBicBWT, IF OEENBE XS
e, Fig. 2 B2 ofER%2RY. HV], TR BRg%
BT R Ic IF MED >N, 16EMTREE
IEL A, 08RALIRELT AEREICE -T2, Th
L, BREIME HV],: T6REE480 M & T
BEPICE -1 IF OEEDED SR b2, &
oDl ehs, HV] ORTE IF FXEEE, v A
WADHEE L LEEEROEVIC L - THEBS AR
W, vAVZAEBORELSHELEbOr.

VI. HV], £7:13 HV], o IF WE@ERIcH T 3

b

YBiBmEs i IF THILE, 50 iRkuED
Hela #faic, HV], £7/:43 HV], 2RRErs¥, %
REMIRTO v 4 v ZEERCNT Z0EAKTO v
ANVAELEROBEZEFEL, Y14V Z2D IF oitd
SRRZHOBREL L, EEMSNEVEE, IF oxt
TARZUNSEV (EVEREMED & 2RT.
Table 6 O&ERMRT L, HV], &, IF a®
MBRTLHENSES D ZYT, IF RZEHITHK
FHEW S, HV]. BT hickl, $100&LL BBV IF
BERER L., COfHEE, Table d OER L %
SGEEAZT, HV], B IF 2% T 54, IF QLB
MU THY, ChickRL, HV], & IF icguv
RIUERTH, I[F HHELELIVLEVWERZ
5. TDT LR, HV], o ts ERBETHE04 1
57, IF LoB#EHcEVWTH, FEHKTH S HV],
LREFLBLABUL->TWVWABIEERLTVS.

VI. HV], THiccir s hr-Hgmys Hela #

fab o &h s HV]

Table 4. Interferon production in Hela
cells infected with HVJo or HV]Jpi

IF titer
Virus
( Units / bottle )
HVJo 50
HVJpi 0

HeLa cells ( bottle ) infected with HVJo or HVJpi

( m.o.i : 1.0 ) were incubated for 24 hours at 35°C.
The culture fluids were treated with 2N HC]O4 and
centrifuged (10 min., 2,000 rpm ) to remove virus,
following adjustment of PH with 5N NaOH. IF in those
samples was assayed by the method of plaque reduction
of VSV in monolayers of HelLa cells (plate).

Table 5. Relationship between IF
production and M.O.I of HVJo
in HeLa cells

~M.0.1 IF titer
( CIU / cell ) ( Units / bottle )

16
64
100
126
128
164

— 0O O O o ©
(=T R

IF assay : Same as_in table 4.
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IsicAVSh&E HV] HEgREiaizvwTh
b, ®OBRICBWVWT, HV], ORBic & oL &
NEbDTHAIENS, ts EREOHRIZISVT
Bi&nt. Table 2 OERICBVWT, HV], B

Fig. 2. Interferon production in HelLa
cells infected with HVJo or HV]pi

[

30

20 f

IF { units / bottle )

0 b et et e * et el s
0 4 8 12 16 20 24 48

Hours after infection

M.0.1 : 2.0 for HVJo (@) and HVJpi (0O--0), at 35°C.

IF assay : Same as in table 4.

T ICEITLL, 35°C TRRIZEERShE2KREB D
Ptk HeLa ffab 5 HV) (HV],: ) 2fH L
T, TOEEBIHICODVTRHEMAL. TOKR
(Table 7), HV]u, i3 35°C B& U 37°C 5% D

VERO Ml T, B yRIZicHMLL. Col&dh b,
HV]n, BELT ts EREKTRVWILHBPESH TS
3. Thbb, HBERLAOKIIZ, HV], BRdic iR
HELEzhbLAaRL ts EREOFRYBBPIC L - T
blhoshhboTil, BEMO HV] THERL
BRSO, ERROMRRIERDIC ts BREMNEL
kbDLEL SN, Biz, HV]., OWHEE, HV],
BLU ts ZRE (HV]ww) OZh S LHEL 115
A, 35°C To HV],., OB, HV]. L B0 3k
HIcEL, LA HV]nw DFNICILET 3 #2758
L.

% %

ERMIICE T35 1% V9 4 VR OERBREY
Y3, CPE %27 b¥, MeofiicBvwT, v 4
WA EETHROMBESTEILTVWEAIRBY
T, RELUEBERERERT. NDV-L @Elas & U
HA 2 -HeLa #Bla% O Rt Rguiaic iz, Rk v 1
NVADHEET A EHBEEShTORA, HV]
Fi B Hela @lics W Tk, HAin BEE S h
ThbEholERitThreEBL O TE L. ¥
sk, HV] oM BRECE L, XA TE,

L FERBORERERICBT 575 0 JERSHSH

Table 6. Effect of cell treatment with interferon on the
yield of HVJo and HV]pi in HeLa cells at 35C

a) IF Virus yield ©) IF-sensitivity
Virus b) d)
treatment ( CIU / ml ) index

HVJo - .2 x 102
+ .3 x 102 0.72

HVIpi - 8 x 10°
+ x 10! 0.0057

a) m.o.i : 1.0 CIU / cell,

b) Treatment of Hela cells with IF (160 units / m1) for 18 hours

before infection.

IF used here was partially purified and

concentrated from the culture fluid of HelLa cells infected

with HVJo.

¢) Yield at 24 hours after infection at 35°C.
d) Index = the yield in IF-treated cells / the yield in untreated

cells,
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Table 7. Yield of HVJo, HV]Jpi-o and
HV]Jpi-ts in VERO cells at 35° or 37C

** .
* Yield ( CIU / m1 ) Ratio
Virus
35°¢C 37ec 37°/ 35°C
HVJo 3.5 x 10% 5.3 x 10° 15.0
HvIpi-o | 5.0 x 10° 3.0 x 108 0.6
Hdpi-ts | 2.1 x 108 2.5 x 103 0.001
*m.o.i : 1.0 CIU / cell.

** Yield at 24 hours after infection.
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Abstract

Using plaque assay on VERO cells in the presence of trypsin, an exsistence
of infectious viruses in various cell cultures persistently infected with paramyx-
ovirus : HV] (Sendai virus) was proved. These viruses (HV]pi) were temperature-
sensitive (ts) mutant capable of propagating in VERO cells only at 35°C, while
the original type of HVJ] (HVJo) showed a multiplication at both 35° and 37°C.

In HeLa cells infected with HV]Jpi at 35°C, little cytopathic effect (CPE) and,
mild and transient release of lysosomal enzymes from lysosome into the cytoplasm
occurred. Furtheremore, HV]Jpi induced no production of interferon (IF) in HeLa
cells and easily led the cells to an establishment of persistent infection. On the
other hand, HVJo caused cytopathogenic degeneration in HeLa cells with an activated
cytoplasmic release of lysosomal enzymes. The production of IF in HeLa celis by
the HVJo infection depended on multiplicity of infection (m.o.i). This appeared to
make the cell hard to establish a persistent infection with that virus, especially
at m.o.i of 10, because a large amount of IF produced may possibly result in an
inhibition of intracellular replication of the viruses and finally the elimination of
HV]-genomes from the host cells. For the establishment of persistent infection with
HVJo, an infection with HVJo at m.o.i of 0.1 and following subcultures of HV]-
infected cells by the usual trypsinization was effective.

Viruses reisolated from new carrier cells established with HVJo were not ts
mutant, showing a replication in VERO cells at 37°C. These results strongly suggest
that the infection with ts mutant is not essential to the initiation of persistent
infection but plays rather an important role in the maintenance of steady carrier
state of HV].

Concerning these persistent infections with HVJpi (HV]Jts), our ts mutant was
interesting in its higher sensitivity to IF treatment than the original HVJo.




