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Gamma Ray Inactivation Analysis of Infective Particles

in von Magnus type incomplete Preparation of
Influenza Virus

Depnr!,, lent o1 Pre, e, it I', e Medicine, Re, enrc/, 1,131i!"te for Microbin!
D;seas, , Osaka 11ni, erritj, , OJ"k"

(Receiued 101 pubtictttio", Sep!'11/6ei 30, 1959)

infectivc agents in a \, on A, lagnus type incomplete virus preparation 1.5ulting from serial
undiluted passage through PR8 infected chorioallantoic fluid was mactivated by gamma ray
irradiation showing a multiple hit curve. This furnishes strong contrast to the fact that the
inactivation of standard passage virus follows a single hit curve. This difference in mactiva-
tion SLiggests that the infective agents contained in the 111ird tindiluted passage virus prepara-
tion have quite different properties and structures from those in standard passage prepara-
tions concerning with the development of the infectivity. This means the existence of a new
criterion of the viriis particles

Supposing the existence of several infective centers in individual infective particles in
undiluted passage viriis this result can be rationalIy explained

TETsuo YosHisHiTA

INTRODUCTION

Since von Magnus phenomenon (von Magnus, 1951) \\, as first reported, vari-
ous attempts have been presented to solve the problems of the mechanism of this
phenomenon.

while there are marked diffei. ences of the properties of an incomplete virus
preparation and a standard passage one, for example in their sedimentation con-
stants, rootphological appearance and nucleic acid contents, no one knows \\, he-
theI. the quality of infective agents contained in incomplete virus preparations is
same as that of standard fully active virus and no attempt has been made to
analyse this point of the von Magnus phenomenon.

The author is convinced that radiation studies are the only fruitful way to
analyse the structures and qualities of infective agents in an incomplete virus
preparation

This paper describes data supporting the existence of multiple infective CGn-
ters in infective particles in an undiluted passage virus preparation.

An interpretation of the results is based upon the target theory throughout
this work.

SUNllvlARY

Piru5 strain

MATERIAL AND METHODS

PR8 strain of innuenza virus was employed in this work

151

Freshly



152

harvested chorioallantoic fluid infected with eg",-adapted virus was lised as the starting in-
oculum.

Standard pa$fage preparation and undiluted pas$age preparation In case of standard

passage, 0.2 inI. of infected allantoic fluid diluted to 10~7 with broth was inoculated into
the chorioallantoic cavity of 11 day-old embryonaled eggs and hat\, ested after 48 hours in-
cubation at 35.5'C. and 5 hours chilling at +'C. To produce undiluted passage prepaia-
tion I In I. of undiluted infected chorioallantoic fluid was applied to each egg and the virus
was harvested in the same nianner

Infect, ,, ty titration: For the infectivity titration a 10 told serial dilution was prepared
with broth containing 1000 U. /inI. of penicillin and 500 micrograms/inI. of streptomycin
A1iquots of 0.2 in I. of each dilution were inoculated into the chorioallantoic cavity of five to
seven 11 day-old embryonated'eggs. After 48 hours incubation at 35.5'C. the chorioallantoic
fluid was tested for virus growth by the conventional hemagglutinaiion test on a slide glass.
The 50 per cent infecti\, e titer (EID*") was calculated by the niethod of Reed and Muench
and was expressed as the EID"" per 0.5 in I

Hemagg!artin@tion titration: Salk's pattern method was used. Two series of serial two
fold dilutions of the pieparations from 2- and 3- fold dilution were made in 0.5 in I. of I per
cent citrate saline. Then 0.5 inI. of 0.5 per cent suspension of Ihrice washed chicken red
cells was added. The test mixtures were kept standinrv at room temperature for 2 hours

The last tube giving definite agglutination was considered as tlte end point and the titer
was expressed as the reciprocal of that dilution

11rt ratio: The 11A ratio was calculated by dividing EID. "/inI. by the corresponding
hemagglutinating titer/in I. of the sample and expressed as the logarithm of that quotient.

Fraction"iton by the 3ttcrose density gradient column: A modification of Schaffer's
method for the fractionation of poliovirus was used. Sucrose was dissolved in 0.14 M NaCl to
give a series of solutions of varying specific gra\, ity ranging from 1.039 to 1.133 (the cor-
responding percentages by weight of the solutions were 10,18.23,27, and 31 per cent).
An quots of 0.7 InI. of each solution were layered carefully with a I-tipped pipette into a
5InI. Spinco lusterDid tube (12.5 x 65 mm. ) from the bottom to the top starting with the
heaviest solution. After standing over night at 0'-5'0. to obtain a continuous gradient,
0.5 inI. of viius sample was placed on the top of the sucrose density gradient column. Then
the completed columns were centrifLiged in a Spinco A, ladel E 1111racentrifuge with a SW-
39 swinging bucket type rotor at 12.590 rpm. for 90 minuics. At the end of the ruiT the
liquid columiT was divided in eight fractions from the ton to the bottom of the tube (Fraction
I, 2, . ..., 8) using samplers

Galn"Ia ray urndiation: Virus preparations were telt joltl diluted with brotll and I inI
ajiquots were distributed into I cm. x I cm. x 1.5 cm. cylindrical glass cups. These cups were
placed in a Co'n irradiation apparatus (Type: 'Toshiba M1-102). The distance between the
center of the Co"O source and the middle point of the sample liquid layer was 30 mm. For the
adjustment of the irradiation distance a specially designed remote control attachment was
used. The measurements snowed that the intensity of the galnma rays from this Cowl
source was 2176 r6ntgens per minutes at the 5 cm. distance from the center of the source.
The gamma ray dosis for the inactivation was calculated from this value. At the irradiation
position the samples received 5 x 103 r6ntgcns in 80 millutes. After a desired period of ITra-
a;ation, the samples weie immediately assayed for' the11' ETD, u

YOSHISHITA

EXPERIMENTALS

SI!liftnl cult, a of flaildai'd In$fage "ii'IIJ .

Infected chorioallantoic fluid \\, as centrifuged at 3000 rpm. for 10 minutes and
I in I. of the supernatant was diluted with 9 inI. of neutral broth to eliminate thc
so-called secondar\, effects of ionizing radiation. A1iquots or the diluted chorio-
allantoic fluid were employed for the mactivatioiT experiments. The experiments



RADIATION ANALYSTS OF INFl, UENZA VIRUS PARTICLES

were repeated over a period of several months. The survival curve of PR8 standard
passage virus is presented in Fig. I.
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The results of several independent experiments are summarized in the figui. e
and the solid line shows the the o1. etical survival ratio calculated from observed

data. The survival ratio is plotted against gamma ray relative dosis.
The results show good agreement with the equation of single hit inactivation

curve NINO= e~"", which means that one ionization at any point in the so-called
infective center destroys the infectivity of the virus, where NINO is the surviving
fraction after a dose D is giveiT and a is the characteristic constant for PR8 virus
in the case or gamma ray inactivation.

Calculation of the 37 per cent survival doses indicated a diameter of about 35
millimicrons (as a spherical body) as the size of the infective center. Apparently
this size does not coincide \\, ith the size of \\, hole virus particles measured by elect-
ron microscopy, and this discrepancy suggests the infective core occupies only a
part or the virus particles and the other parts are not responsible for. Infectivity

Fig. I. Survival curve of the infective agentsin standard passage chori0.110nfoic
fluid of PR8
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of the particles.

Sill'"fad/ c"r"eJ of Ih, ingfectiz!e agen!J in Ihe Jeco?Id and Ihi, 'of undiltttedInJJdge lienm'ajiOn$,'
The E1050 titration shows that the titers of second and third undiluted pas-

sage preparations are considerably high, and when the 11A ratio is calculated for
these preparations the values are 3 or 4 <1n logarithm unit) while that of standard
preparations is about 6 showing that there are concomitant so-called non-infoc-
tious hemagglutinin in these preparations. This suggests that these preparations
still contain many infective particles.

A series of experiments was carried out to mactivate the infective agents in
second and third undiluted passage virus preparations applying the same techniques
as in the case of standard virus preparation.

As presented in Fig. 2 these survival curve is a multiple hit type rather than
a single hit type.

YOSHISHITA
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Fig. 2. Survivol curves of infective agents in second und third undiluted
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RADIATION ANALYSTS OF INFLUENZA VIRUS PARTICLES

These curves, however, do not completely fit any theoretical multiple hit curve.
The survival curve of the second undiluted passage preparation showed a type
transitional from the standard virus curve to the curves of third undiluted passage
preparations.
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Fig. 3. Distribution of hemogglutinofing and infective octivi, y of a 310ndord
passage preporation in a sucrose density gradient column.
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Table I. EID, o und hemogglufinoling titer of frociions obioined from

a standard passage preparation
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Radioiia!ion of tirec!ite agen/., ill Ihe info?NAe!e piepa?'@!ion.
A von Magnus type incomplete virus preparation could not be considered as

homogeneous from the view point or in orphological observations and sedimentation

F10 '.,.,

YOSHISHITA
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Fig. 4. Dislribution of hemogglutinating and infective activity of a second
undiluted passage preparation in a sucrose density gradieni column.

O Hemagglutinoting activity
. Infective activity

a ~ ~a
I \

I
I

I

300

I
I

I
I

Table 2. EID:;u und hemagglulinoting filer of the fractions obtained from

a second undiluted passage preparotion
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experiments carried out in the past. Therefore, aiT incomplete preparatioil \\, as
fraction ated by the density gradient method. Results on the distribution of hemaq-
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Fig. 5. Distribution of hemogglufino*ing Grid infective activity of a third undiluted
passage preparation in a sucrose density gradient column
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Table 3. EID, u and hemagglufinoling filer of fractions obtained from a
third undiluted passage preparation
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glutinating activities and ET050 alto. centrifugation at 12,590 rpm. for 90 minutes
are presented in Fig. 3,4, and 5, and Table I, 2, and 3.

In the case of standard passage preparations the sharp peaks of hemagglutinin
and E1050 titer were both in the 5th fraction. This means roughly that the
standard pal. ticles have hemagglutinating and infective activities simultaneously
and the constitution of the population is very homogeneous. In the case of third
undiluted passage preparation the dissociation between hemagglutinating and in-
rective activity distribution is remarkable. Furthermore it is a very surprising fact
that the peak of the infectivity titer is not present at the height of the fifth frac-
tion, but the infectivity dominates in the sixth fraction.

hidcti"rino?I eApei'jine, IIJ of ifolated nanionJ ..
i) Sarin"al ciiiiie of 1/1h alld fix//I liftciio?if objtiii!ed fom Ihe Ihi!of 11"tilti!ed

PRJJdg, pepmu/toll .'

As mentioned above, the survival curves of the infective agents in second and
third undiluted passage preparations did not fit theoretical multiple hit curves.
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Fig. 6 Survival curves of fifth und sixth frodions obtained by fraction of ion
of a third undiluted passage preparation.
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RADIATION ANALYSIS OF INFLUENZA \71RUS PARTICLES

Such a difference might be caused by contamination of the preparations with input
virus. To clarify those points, inactivation experiments of infective agents isolated
by fraction ation described in the preceded section were carried out.

The techniques used are same as in preceded experiments and the samples were
also diluted with neutral broth to eliminate the secondary action of radiation.

The fifth and sixth fractions \\, ere chosen because the relatively Iaroe amounts
of the infective agents at the height of the column were the same as those or
infective agents in standard passage preparation. In other words if there exist
" one hit type " pal'ticles in the preparation they should be concenti. ated in the
fifth fraction.

The shouldei. in the survival curve of Fig. 6 is unequivocal and gives evidence
for a multiple hit inactivation process. This curve for. the sixth fraction fits well \\, ith
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Fig. 7. Survival curves of fourth und seventh fractions obtained by fractionalion
of a second undiluted passage preparation.

equation NII\;,= I-(I-e~"')in where in is the ionization number required to in-
activate one infective agent by the gamma rays. The curve for the fifth fraction
still sho\\, s contamination with particles \\. hich 10/10\\ the single hit inactivation.
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It was observed that there is definitely one faster sedimenting portion in the third
undiluted passage preparation and that portion contains special virus particles
having the nature of multiple infective centers.

if) Sari'"funl ci, i"er offDroll! and fern!/h nanionJ ob!dined 1701/1 Ihe fernnd 11ndil"!ed
IdJJdge pepm'"1,011. '

In this case two fractions, the fourth and seventh, were chosen for ITradia-
tion experiments because from the result of fraction ation experiment there may
be mixing of rapid and slowly sedimenting infective agents in fifth and sixth
fractions. The results are presented in Fig. 7. Slowly sedimenting components in
the fourth fraction consist almost entirely of infective agents which follow the single
hit curve. On the contrary faster sedimenting components in the seventh fraction
were mactivated following multiple hit curve. This agrees with the distribution
of the E1050 and hemagglutinin in the density gradient fraction at ion of the second
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undiluted passage preparation. F1'Qin the distilbutioil CUI'\'c 11 can bc said Ihai a
"single hii" infoctivc a;:cilt is I)I'CScnt in highci fourth and fifth 11actioiis and Ihc
a!!cnt in 10\\ci' sixth and sc\., nth fractions has a dineicilI naturc.

lit) '51/11 iiw/ 11/11, .\ 111 I''lh. Ai\/h. rill(/ .\,; rill/! 11", 1111!I. \ fib/"jilti/ Jini!! 1/1, .\/un, /, IIJ
''tt"wig, IIJ, /,,,,,/!fjjj. '

'1110u, rli the sui\. I\itI curvc or Ihc standaid passa;;c I)lullai'allon IC\'calcd it
singlc 1111 Iyjic \\hcii ci'udc in ICctcd churloallaiitoic fluid \\'as used in ill'adjalion
I'XIIci'11nciits, therc silll remains Ihc quest101T o1 \\. huthei. Ihcie ai'c sumc "multiplc
hit" I}alliclcs in Ihc 111'cpai'alloii. 111'adjatioii or the fifth, sixth and sevciit1\ 11'ac-
lions obtaincd from Ihc stalldai'd I)assa!;e I)ICparatioil SITUwcd the salnc Iypt. tit
sinrrl(! hit survival CUI'VC. '1'111s cxcludcs the POSibility that Ihci'e nit "multiplti Ilit"
Iypc nailiclcs in Ih!; standaid passa!:c I)ICpaiaiion.

111 o1hci \voids, 11 call I)c SIatcd initi "111ultiplc 1111 tvj)c" I)aiticlt's do 1101
ill)lirai' in 111c standai'd I, assa!!r choi'10nllantoic fluid.

RADIAJ'10N .\NAl. \'SIS OF INFl, LL\Z. \ \:IRLS P. -\RT'ICl, ES

'I'hc sui'vival CUI'VC o1' I'R8 stalldai d 11nssa!;c \11'us in ,, anlrun lay 11'1'adultioii
follows Ihti tvj)ICal singlc I111 CUI'VC. 'I'his Is an o1hci' 1,1001'Inat the stalldard viius
I)I'cparatioii consists o1 nomo;:!Into us I)articlcs as rat' as Inn^11vily 15 concci'11cd

oil 11/11 contrai'y, in 111'adjatioil c\pulliiicnis of Ihii'd undiluiccl I)assag^ clioi'10-
Allantoit: fluid, Ihc situatiuil is tjuitc dintiicni; that is, Ihc lilaciivatioii CUI'VCs
Hill VCry inucli 11kti 111 multijilt! hit Iyjit, CUI'VCs. S"cond uiidilutt'd I)assa;!(I Choi'10-
allantoic Huicl slim\'cd a SImilai' CUI'VC I, ul it was a 11:1nsitional b('I\\ ccii aIypc
standai'd vii us CUI'VC and a third undiluted IJassa*, I. \11 us CUI'VC. 'I'hcsc I\\ o CUI'VCs
shown I)y VCond jind third undilutcrl pi'cpai'allons rli(I 1101 lit 11/11 111.0i'rtical
multiplc hit curvc.

\Vhcii 11\^ I)I'cjiaraiions \\. ci'(' 11'action atcd 11y Ihc suci'OSc dullsi, , ;:I'adjciit
111cthod, the r'sults of 111'adialiun cxpt!11mcnts \\, ci'c sumcwhai dilTci'cni. \\'I111c 11Tc
lilaciivation CUI'VC 111 a standai'd I)ICpaiation was the sanTc as that ill Iht, ciu(IC
sailij)IC in any 11'action. Ihi} sui'vival CUI'ves of indi\Idual F1'actions nom 1111t Ihiid
uiirlilutccl I)TCPai alloii fillcd \\'cll \\Ith the orctical Inuliiplc 1111 curvcs. 'I'hc laitci
I'act incans that Ihci. c aic two kinds of Inc virus I)alliclcs Ihc onc of \\hiclT 1<, 110\\'s
it singlc 1111 CUI'VC lilactivaiioi, alld Ihc o1hci a multij)IC I\11 Inacii\'alloii CUI'\ c
dui'Ing Ihc ITiadiation by gamma I'ay.

Fig. 9 shows synthctic CUI'VCs from a singlc hit curvc (as ill inc standai'd
passage 111'cparalion) and a multiple hit CUI'VC (as in the sixth 11'actlo11 of a 11/11'd
undilutcd passgc PI'cparation) \\Ith varying plopoi'lions o1' Ihc "singlc 1.11 typc'
and "multiple hit type" vii. us I, ai'ticlcs.

So far it has liecn discusscd in sc\ei'all'CPUrts that an undiluted I, assagc Iiic-
pal'allon Is not horno!:cncous in size and shapc. BCsidcs Ihcsc findings lift! authoi'
would like to mention that thc infective agcnts in Ihc undiluted passa;!c I)TCPai'a-
lion arc not hornogencous froin Ihc ICsult or 111'adiatioit cxpci'irucnis.

Moiliholoqical examination shows many iai';!c pal ticles in "multiple hit paili-
clc" 11'actions and maru, 'ntous foi'in \VCre ohscr\. cd itss liequently. 1:1cction micro-
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graphs or thin sections of the virus pellets of undiluted passage preparations sho\\.
the existence of electron-dense material inside the particles of the " multiple hit
type" while particles in non-infectious hemagglutinating fractions are lacking in
that structure. Details of the findings will be reported elsewhere

The possibility that the inactivation curve in cases of undiluted passage pre-
parations is only apparent and caused by the aggregation of the particles can be
neglected because the sucrose density gradient column allows the agate gated par-
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ticles to sink to the bottom of the centrifuge tubes.
It is difficult to exclude the possibility of multiplicity reactivation of non-

infectious hemagglutinating particles and gamma ray Inactivated \, irus. But,
assuming that the chorioallantoic membrane has 2 x 107 cells per egg, there is
scarcely a chance of multiple infection in the diluted inoculum used for. infectivity
titration.

Though other characteristics ale shown, it can be emphasized that in undiluted
passage preparations of PR8 virus there is a kind of virus particle \\, hich is in ac-
tivated by gamma ray irradiation folio\\, ing the multiple it it curve and particles
of this type can not be found in the standard passage preparation. The author con-
siders that particles or this type have plural infective centers on individual particles.

The observation that the straight line portion or the survival curves of the
"multiple hit type" particles is parallel to the inactivation curve of the "single
hit type" particles, suggests that the so-called sensitive volumc of the infective
center is equal in both kinds or the virus particles.

The progeny or virus from all eggs inoculated with sixt11 11'actions of thiid
undiluted passage preparatioiT at limiting dilution was the same as that or a
standard passagc preparation. Furthermore, the standard virus, sixth ITactioi\ or
third undiluted I>assage preparation, and its phylogeny could not be differentiated
from each other serologically by the agglutination inhibition test. These facts may
suggest that the "multiple hit type" particles belong to a certain stage in virus
synthesis, but further speculations must be made with reservation.

RADIATIO\ ANALYSIS OF INFLUENZA VIRUS PARTICLES
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