346

= 0,947-187140,897-2134 4, ..
... +0,582-1889 - 3,953-10417/5

= 5,927.

= 0,660-1871+40,435-21344...
...+0,016-1889—1,383-10417/5

= —69,114.

2 ~F) (y-»)

Z{x— %) (-7

Die entsprechenden Werte werden eingesetzt

0,084209 a{c+2)+0,143281 (b—az) = 1 bzw. 0;
0,143281 a{c+2)+0,285367 (b—az) = Gbzw. 1;

nach Auflésen der 2 Sitze von je 2 Gleichungen erhdlt man
die inverse Matrix

[ 81,5104

—40,9259

— 40,9259
24,0529 | -

Nach (5) sind dann

afc+z) = 81,5104-5,927 + (-40,9259)-(-69,114) == 3309;
b—az = (-40,9259)5,927 + 24,0529{_69,114) = -1905.

Fiir die Berechnung der Standardfehler sind nach (7)

s3==[18712 4 ... +18892-104172/5 - 3309-53,927 -(-1905)

(-69,114))j2 = 5,5
und nach (6)

Sa(e+2) = V/BL5104- 5,5 = 21,2;
S(b—az) = [/ 24,0526 5,5 = 11,5.

Da Ay = 0,0542 und Ap = 0,416 sind, ist z = 1,15;
¢ wurde fiir die gegebene Zihlanordnung zu 0,5 bestimmt,
das heisst, bei gleichen absoluten Aktivititen wird zwei-
mal soviel Lal0 wie Bal%) gezihlt.

Durch Einsetzen dieser Werte erhilt man
a (0,5+1,15) = 3309 - 21,2
a = Amo == 2005 + 13
und

b—2005-1,15 = —-1905 £ 11,5
b = Ao == 401 &+ 12,

Bréves communications — Brevi comunicazioni

[ExpERIENTIA VOL, XIV/9]

Es liegt somit fiir La'% ein Unterschuss von rund 809,
vor.

Ist At > Ay, so werden

ApflAp—Ay) &~ 1 und exp(-Ayti~ 1
und (2) vereinfacht sich zu
y=al+c)+(b—a) %, (8)
Es sind hierbei
_ F—7, z(xz_zz) -9z (’/‘72"‘1”2}2 .
o 1+¢ '
b= a+D(x,~ %) (¥y— 7)1 Z{xg— x,)%

9
{10)
Kann die Strahlung der Muttersubstanz mit Hilfe ent-
sprechender Folien vollkommen unterdriickt werden, so

dass ¢ = 0 wird, und ist At >> Ay, so ergibt sich fiir (2)
eine weitere Vereinfachung zu

y = a+(b—a) x,. (11)
b berechnet sich nach (10) und 2 nach
a=3—% X (%~%) (y-3)/Z(x— )~ (12)

Fiir die Differenz |b — a| in (8) und (11) berechnet sich
der Standardfehler nach

-5 =37
yEi— (DWey . e TR M Z0A
Spomg = V[ Y2 — (Zy)2n P
PACAE IS

Der Standardfehler von ¢ und damit auch b ist dadurch
gegeben, dass man fiir ¥ in (9) und (12) den Standard-
fehler berechnet, der gleich der Wurzel aus dem Zahler im
Wurzelausdruck (13) ist.

} [{n—2) (13)

A, Carscu

Iustitut fity Strahlenbiologie an der Reakior-Station Karls-
ruhe, 11. Juni 1958.
Summary
A simple and time saving numerical method is described
permitting the rapid determination of mother to daughter
ratios in biological specimens containing radionuclides.
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COGITATIONES

An Hypothesis to Explain the Relation Between
the Synthesis and Release of Animal Viruses from
Infected Cells and the Lipid Content of the
Viruses

Infectious particles of animal viruses are released from
their host cells by one of two mechanisms—continuous
release of small amounts of virus over a long period of time
or the burst-like release of a large number of particles. The
viruses released by the continuous process are all sensitive
to ether, whereas those released in a burst are resistant to
ether and other lipid solvents, The available relevant data
are listed in the Table for virulent viruses.

The continuous release process has been most carefully
analyzed for the myxoviruses. They are released from
their host cells a few minutes after they become infectious,
although they may remain on the external surface of the

cell for some time before being released into the surround-
ing medium?®. This has been confirmed by several electron
microscopic studies?., Similar studies have been made
with the equine encephalitis viruses. Western equine
encephalitis is continuously released directly into the
mediom without remaining on the cell surface?.

Herpes simplex is released by a continuous processt.
Although this has not been corroborated by electron
microscopy?, the closely related Herpes B virus has been

1 H. J. F. Cairns, J. Immunol. 72, 38 {1953). — R. M. FRANKLIN,
manuscript in preparation. - H. Rusin, R. M, FraxgLin, and M,
BarLuba, Virology 3, 587 (1957).

2 C. MorGaN, H. M. Rosg, and D. H. MooRrg, J. exp. Med. 104,
171 (1936). — G. Hotz and W. ScHAFER, Z. Naturf. 105, 1 (1955). -
F. B. Bangc, Fed. Proc, 14, 619 (1955).

3 H. RusiN, M. BaLupa, and J. E. Horemin, J. exp. Med. 101,
205 (1955).

4 P. WiLpv, Aust. J. exp. Biol. med. Sci. 32, 605 (1954}, — A. S,
KarLan, Virology 4, 435 (1857).

5 C. M. MoraGaAN, S. A, ELtison, H. M. Rosg, and D). H. MooORE,
J. exp. Med. 100, 195 (1954).
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The release mechanism and lipid content of some typical virulent animal viruses. The <+ and — in the table of kinetic studies and
electron microscopic studies (EM) refer to confirmation or lack of confirmation of the proposed release mechanism.

1. Continuous release process

Virus and Virus-group Kinetics EM

(A} Myxoviruses

Influenza . . . . . . . . . + 9 + 10

Fowlplague. . . . . . . . +7 411

Newcastle disease . . . . . +8 +12

Mumps . . . 413
(B) Encephalitis

WEE. . . . . . v h e +3

EEE. . . 414
(C) Herpes

Herpessimplex . . . . . . +4 -6

Herpes B . 425 428

» i s al
Lipid content Evidence that lipid is an essentia
component
~ 239,18 Ether sensitive?
~ 2404 17 Ether sensitive??
~ 27%,18 Ether sensitive?? and phospholipase
sensitive®?
Not investigated Ether sensitive?®
~ o/ 19 .
40% Ether sensitive?®
Not investigated Ether sensitive?®?
Notinvestigated Ether sensitive®®

I1. Burst-like release process*

Virus and Virus-group Kinetics EM

Evidence that lipid is a non-essential

Lipid Content component

{A) Poliomyelitis 428

(B) Pox-group
Vaccinia
Fowl pox .

4 27
+15

None Resistant to butanol and other lipid
solvents®
579,20 Resistant to ether?®

observed at the surface of infected cells where the par-
ticles are apparently completed?s.

That polio virus is released by a burst has been directly
demonstrated by studying the release kinetics from in-
dividual infected cells2é.

The pox-viruses seem to be completely synthesized with-
in the cell??. The growth kinetics of vaccinia suggest that
there are large amounts of intracellular virus present
during the multiplication?®, but critical experiments to
distinguish between true intracellular virus and virus at
the cell surface are still lacking. All the pox-viruses which
have been tested, including vaccinia, are resistant to
ether?® even though vaccinia seems to contain a small
amount of lipid. This may be located internally and hence
protected from ether or the lipid may be a contamination,

In geneval it appears that the viruses which ave sensitive
to ether contain lipid as an essential component and only
such viruses ave veleased by the continuous release process.

An interpretation of the above observations can be
derived from studies on the contribution of host cells to
fowl plague virus components®. Preincubation of host
cells with P22 leads to an increase in the specific activity

8 H. J. F. Cairxs, J. Immunol. 71, 38 (1953).

7 R. M. FrRANKLIN, manuscript in preparation.

8 H. RusiN, R. M. Fravkuin, and M. BALUDa, Virology 3, 587
{1957).

¥ A. LworF, R. DuLsecco, M. Voet, and M, Lworr, Virology 1,
128 (1955). — D. W. Howes and J. L. MELNICK, Virology 4, 97 (1957).

18 C. Morcaxn, H. M. Rosg, and D. H. Moorg, J. exp. Med. 104,
171 (1956).

11 G, Horz and W. Scuirer, Z, Naturf, 700, 1 (1955).

12 F, B, Baxng, Fed. Proc. 14, 619 (1955).

13 F, B, Banc and A. Isaacs, The Nature of Viruses, Ciba Founda-
tion Symp. (1957), p. 249,

14 F, B. Bang and G. O. GEv, Johns Hopk. Hosp. Bull, 91, 427
(1952).

15 C. M. Moraax, S. A. ELuison, H, M. Rosk, and D. H. MoorE,
J. exp. Med. 100, 301 (1954).

16 A, R, TavLOR, J. biol. Chem. 153, 675 (1944).

17 W, Zirrig, W, ScHAFER, and S. ULLMaNN, Z. Naturf, 105, 199
(1955).

18 R, Cuwna, M. L. WEIL, D, BEARD, A. R, TavLor, D. G. SHARP,
and J. W. Bearp, J. Immunol. 55, 69 (1947).

19 7, W, Bearp, J. Immunol. 58, 49 (1948).

20 C, L. HoAaGLAND, Annu. Rev. Biochem. 12, 615 (1943).

*L L. Hovee, J, Hyg.,, Camb. 50, 229 (1952).

22 W, ScuArer and W. ZiLLic, Z, Naturf. 95, 779 (1954).

% R. M. Frankiin, H. Rusix, and C. A. Davis, Virology 3, 96
(1957),

# H, L. Bacuracu and C. E. ScuwerpT, J. Immunol. 69, 551
(1952).

2 M. Reissic and J. Lo MeLNIcK, J. exp. Med. 101, 341 (1955).

%6 A, Lworr, R, DuLsEcco, M. Voaer, and M. LworrF, Virology I,
128 (1955).

27 W, H. Gavrorp and J. L, MELNICK, J. exp. Med. 98, 157 (1953).
-~ C. M. Morcan, S, A, Ervison, H. M. Rosg, and D. H. Moores,
J. exp. Med. 160, 301 {1954},

28 1. R. Overman and 1. Tamwm, Virology 3, 173 {1957).

2 C. H. Anprewss and D. M. HorsTaany, ], gen, Microbiol. 3,
290 (1949).

30 1, WrcKER, Z. Naturf. 125, 208 (1857}.

* Note added in proof. The adenoviruses [RowE ef al., Amer.
J. Hyg. 61, 197 (1955); H. S. GiNsBErG, J. exp. Med. 107, 133
(1958)] as well as Theiler’s mous encephalitis {C. HEnry and R,
M. FRANKLIN, unpublished data) alse belong in group II.
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of the phospholipid fraction of the virus which is grown on
these cells without a concomitant increase in the specific
labelling of the virus ribonucleic acid. Similar observa-
tions have been made during the P32 labelling of New-
castle disease virus®'. This suggests that the virus lipid is
obtained from the host cells as intact lipid material where-
as the virus nucleic acid is newly synthesized from smaller
components. The fact that the composition of the phos-
pholipid fraction of several strains of influenza virus is the
same as that of the normal choricallantoic membrane??
further supports this idea.

These facts lead to the following hypothesis: viruses
containing lipids as essential components ave assembled
from vival subunits or from vegetative forms at ov near the
cell surface and ave completed by obtaining a protective ex-
ternal lipid coat from the lipid struciuves at the cell peviphery
as the particles pass to the external cell surface. As a corol-
lary to this, viruses which do not contain essential lipid
components do not form a close union with the periphery
of the cell but are completed within the cell and may be
released in large amounts by a burst process.

It may be that each type of virus which is released con-
tinuously receives an equivalent outer shell of lipid ma-
terial as it is being completed. It is striking that this
hypothetical lipid shell has the same thickness of 40 A for
two unrelated viruses, fowl plague and equine encepha-
litis, as estimated assuming an average virus density of
1-1 and an average lipid density of 0-9.

Since cells infected with tumor viruses continue to di-
vide, one would expect that these viruses are all released
by a continuous process and hence contain essential lipid
components. Except for the Rous sarcoma virus, little is
known concerning the growth of tumor viruses. Infectious
viras particles are continuously released from Rous sar-
coma cells in tissue culture®® and this virus is ether
sensitive??,

Of the other tumor viruses which have been studied, the
following are ether sensitive: myxoma??, fibroma??, and
the agent of mouse leukemia3*; and the following are
ether resistant: Shope papilloma??, mouse parotid tumor
agent?®, and mouse sarcoma agent®. The ether resistant
Shope papilloma virus, identified by specific fluorescent
antibodies, is located for the most part in the differentiat-
ing keratohyaline layer rather than in the actively multi-
plying tissue?s.

The fact that some tumor viruses are ether resistant
suggests that they may behave like lysogenic phage,
being released by a rare burst event. The ether sensitive
tumor viruses may all multiply like the Roux sarcoma
virus.

Although this survey is concerned with animal viruses,
it should be pointed out that bacterial viruses are released
by a burst mechanism and do not contain lipids. Plant
viruses are also free of lipids but the release mechanism
is a highly specialized process, the virus passing from cell
to cell by means of plasmodesmata’?.

RiceARD M. FRANKLIN

Max-Planck-Institut  fitr  Virusforschung, Titbingen,
24. April 1958.

31 R. M. FranguLin and H. Rusix, unpublished data,

32 1.. H. FromMuAGEN, N. K, FREEMAN, and C, A. KN1GHT, Viro-
logy 5, 173 (1958).

33 H. Rugin, Virology 1, 445 {1955); Ann. N. Y. Acad. Sci. 68,
459 (1957).

3 L. Gross, Acta haemat. 14, 273 (1956). — C. FRIEND, Ann. N.
Y. Acad. Sci. 68, 522 {1957).

35 1. Gross, Acta haemat. 15, 273 (1956).

3 W, F. Noves and R. C. MELLORS, J. exp. Med. 106, 555 (1957).

37 K. M. Smitn, Recent advances in the study of plant viruses (J. A.

Churchill Ltd,, London 1951},
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Zusammenfassung

Eine Hypothese iiber die Synthese und die Freisetzung
von tierpathogenen Viren wird entwickelt. Diejenigen
Viren, die durch einen kontinuierlichen Prozess freigesetzt
werden, werden an der Zellperipherie zusammengefiigt.
Beim Durchtritt durch die Zellmembran erhalten sie eine
Schutzhiille aus Lipiden, die aus den in der Zellmembran
lokalisierten Lipiden der Wirtszelle stammen. Alle der-
artigen Viren sind gegen Ather empfindlich und enthalten
Lipide als essentiellen Bestandteil. Diejenigen Viren, die
stossartig freigesetzt werden, werden dagegen im Innern
der Zelle zusammengefiigt und enthalten keine essentielle
Lipid-Komponente. Diese Hypothese wird auch auf die
Tumor-Viren angewandt.
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Corrigenda

B.L.van pER WAERDEN, Erwachende Wissenschaft
(Ref. N. SturorF). Exper. 74, Fasc. 6, 228 (1958),

Die letzte Zeile des vorletzten Absatzes der Buch-
besprechung muss richtig lauten: «Ursachen des Nieder-
ganges der griechischen Mathematiks.

H. Linpe und K. MEVER, Zur Konstitution des Resi-
bufogenins und Avricbufogenins. Exper, 74, fasc. 7, 238
(1958),

Auf Seite 239 ist in Formel VIII das H-Atom an C-14
w-standig zu formulieren.



