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Vierter Abschnitt.

Biochemistry and biophysics of viruses.
. by

W. M. Srantey, Princeton, New Jersey, U.S.A.

(The Rockefeller Institute for Medical Research.)

I. Inactivation of viruses by different agents.

Introduction.

Studies on the effect of different chemical and physical agents on theactivity

of viruses were in progress even before viruses were recognized as a separate

group of infectious entities and have been continued to the present time. During

the earlier work two objectives were sought, one the preparation of immunizing

antigens and the other the elucidation of the nature of viruses. These have

continued to remain as objectives and recently a third has been added; during

the past few years studies on the effect of different agents on viruses have been

made with a view towards establishing conditions and reagents that could be

used in the purification and concentration of viruses. Considerable difficulty

has been encountered, not only during the progress of the studies but also in the

interpretation of the results that were obtained. Much of this has been due to the

great variation in the physical and chemical properties of the different viruses

and to an apparent variation in the properties of the same virus in different

preparations. The latter appears to have been due to the presence of varying

amounts of extraneous material in the different virus preparations. For a great

many years the presence of extraneous material made it impossible to be certain

that any given physical or chemical property was one of the virus itself. This

point is discussed at somewhatgreater lengthin the third section of this chapter.

Recently the effect of enzymes on viruses has been studied in an effort to learn

something of their nature. However, until very recently only crude enzyme

preparations containing a mixture of materials were available, and there is con-

siderable doubt concerning the significance of results obtained with such pre-

parations, for Prrrz’s work indicates that the inactivation of some viruses was

due to extraneous material rather than to the enzymes. The isolation within

the past few years of several enzymes in crystalline and apparently pure form

has made it possible to study more accurately the effect of enzymes on viruses.

Although a vast amount of work has been done in attempting to achieve the

three objectives mentioned above, no effort will be made to considerall the work

in this section, because the generalsituation has been considerably altered within

the last few years bythe isolation of several viruses in apparently pure form.It

is obvious that studies on the nature of viruses and on the preparation of immuniz-

ing antigens should be made with such purified preparations of virus rather
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active protein isolated by fractional precipitation with ammoniumsulphate bet-
ween 0,2 and 0,4 saturation at px 7. Norruror wasable to isolate about 50 mg.
of protein, representing about 25 per cent of the activity in the starting material, .
from 200 liters of lysed culture. The detailed procedure for an average experi-
ment is shown in table 3. It may be seen that the protein nitrogen could be
reduced from about 4000 mg. to about 40 mg. without any great loss of phage
activity, but that further purification was accompanied by loss of activity.
Norturop found the preparations to become increasingly unstable as purifi-
cation proceeded and encountered considerable difficulty in achieving final puri-
fication. However, he has subjected the purified phage protein to extensive
studies in which the activity and protein have been correlated by several diffe-
rent procedures, and has secured good evidence not only that the phage activity
is a property of the protein but that the phage protein is essentially pure. The
phage activity was found to be greater than that of any preparation previously
reported, for only 10-6 gm. protein nitrogen of purified phage was found suffi-
cient to cause lysis. The physical and chemical .properties of the phage protein
will be considered in the ‘next section.

The transformation agent of the pneumococcus.

In 1928 Grirrrru found that he could transform one specific S type of pneu-
mococcus into another specific S type through the intermediate stage of the R form.
He effected the transformation by injecting mice with nonvirulent R forms,
together with large amounts of heat-killed S pneumococci of a type other than thatof
the organisms from which the R cells were derived. Living virulent S organisms
of the same type as the heat-killed S forms were then recovered from the animals.
These results were confirmed by NeEvrELD and LevrntHaL and by Dawson.
Later Dawson and Sra demonstrated that the transformation in type could be
accomplished in vitro by inoculating small amounts of R organisms derived
from 8 organismsof one type into blood broth containing anti-R serum and heat-
killed § cells of the other type, or more strikingly by the use of an extract of the
cells of several times frozen type-specific pneumococci. The latter finding was
confirmed by ALLoway, who found that cell-free, heated andfiltered extracts of

one type of S pneumococci could be used to induce the conversion of R forms
derived from another § type into the same type as that of the cells used to prepare
the extract. It is obvious that there is a factor which may be obtained from any
one of the S type of organisms thatis normally absent from R. type cells, butthat
when added to such cells induces their conversion into the same type of S orga-
nisms from which the factor was derived, with the very important result that more
of the factor is produced in the induced S cells. This phenomenonis virus-like,
and it is because of this and the fact that it may become important from the
standpoint of the chemistry of viruses that a discussion is included here. The
various type-specific pneumococci may be regardedas cells infected with different
“virus” strains and only the R organisms as healthy. The R organisms maybe
converted into any one of what we refer to as type-specific organisms by “‘in-
fection” with any one of the different “viruses”. By appropriate treatmentit is
again possible to free the pneumococciof “virus” and secure the healthy R type.
It is ofinterest, therefore, to examine the nature of this factoror “virus”. The type-
specificity of the pneumococcus is determined by its capsular polysaccharide,
hence it might be assumed that the type of soluble specific substance or poly-
saccharide isolated by HEIDELBERGER and AvERY or the acetyl derivative
isolated by Avery and GorBEL from pneumococcus type 1 might be responsible

3la*



492 W.M. STANLEY: Biochemistry and biophysics of viruses.

for this conversion. However, Dawson and S1A found that the specific capsular
polysaccharide in chemically pure form would not induce the transformation in

- type. It seems probable, therefore, that, if the polysaccharide plays

a

role in the
transformation, it does so only when in combination with some other substance.
Alloway, in attempting to purify the active agent, found that considerable in-
active material could be removed by dissolving heat-killed S organisms with
sodium desoxycholate, precipitating with cold alcohol, and extracting the pre-
cipitate with salt solution. The extract was then heated to 60° C., centrifuged, the
supernatant liquid filtered through charcoal, and again precipitated with alcohol.
The precipitate was dissolved in water and centrifuged to give a colorless, water-
clear supernatant liquid containing practically all of the original activity. No
chemical tests were made on these purified preparations, hence nothing is known
about the nature of the active agent. It is to be hoped that the study of this
agent will be continued because of its virus-like nature.

Bibliography for concentration and purification of viruses.
1. Arxswortn, G.C.: Mosaic diseases of the cucumber. Ann. appl. Biol. 22, 55

(1938).
2. AtLtarD, H. A.: Some properties of the virus of the mosaic disease of tobacco,

J. agric. Res. 6, 649 (1916).
3. ALLOwAY, J. L.: (1) The transformation in vitro of R pneumococci into S$ forms

of different specific types by the use of filtered pneumococcus extracts.
J. exper. Med. (Am.) 55, 91 (1932).

— (2) Further observations on the use of pnenmococcus extracts in effecting
transformation of type in vitro. J. exper. Med. (Am.) 57, 265 (1933).

4. ARNOLD, L. and E. Weiss: Isolation of bacteriophage free from bacterial proteins.
J. infect. Dis. (Am.) 87, 411 (1925).

5. AveRY, O.T. and W. F. Gorset: Chemoimmunological studies on the soluble
specific substance of pneumococcus. I. The isolation and properties of the
acetyl polysaccharide of pneumococcus type 1. J. exper. Med. (Am.) 58,
731 (1933).

6. Barnarp, J. E. and W. J. Error: Causative organism in infectious ectromelia.
Proce. roy. Soc., Lond., Ser. B: Biol. Sci. 109, 360 (1931).

Barton-Waicut, E. and A.M. McBain: Possible chemical nature of tobacco
mosaic virus. Nature (Brit.) 132, 1003 (1933).°

8. Bauer, J. H. and E. G. Pickers: (1) A high speed centrifuge for study of
viruses. J. Bacter. (Am.) 31, 53 (1936). Abstr.

— (2) A high speed vacuum centrifuge suitable for the study of filterable
viruses. J. exper. Med. (Am.) 64, 503 (1936).

9. Bawpen, F.C. and N. W. Pretm: (1) The isolation and some properties of liquid
crystalline substances from solanaceous plants infected with three strains
of tobacco mosaic virus. Proe. roy. Soc., Lond., Ser. B: Biol. Sci. 123, 274
(1937).

— (2) The relationships between liquid crystalline preparations of cucumbcr
viruses 3 and 4 and strains of tobacco mosaic virus. Brit. J. exper. Path. 18,
2785 (1937).

— (3) A plant virus preparation in a fully crystalline state. Nature (Brit.) 141,
513 (1938).

10. Bawpen, F.C., N. W. Pierre, J.D. Bernar, and I, FanKucuen: Liquid cry-
stalline substances from virus-infected plants. Nature (Brit.) 138, 1051
(1936).

ll. Beate, H.P.: Relation of SraNnLzEy’s crystalline tobacco-virus protein to
intracellular crystalline deposits. Contr. Boyce Thomp. Inst. 8, 413 (1937).

12, Beaus, J. W. and E. G. Pickets: The production of high rotational speeds.
Rev. sci. Instr. 6, 299 (1935).

«
I

 
 



 
 

 

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24,

25.

26.

- 27.

28,

29.

30.

31.

32.

 

Bibliography for concentration and purification of viruses. 493

Beams, J.W., A. J. WEED, and E. G. PickEets: The ultracentrifuge. Science

78, 338 (1933).

BrarD, J. W. and R. W. G. Wyckorr: The isolation of a homogeneous heavy

protein from virus-induced rabbit papillomas. Science 85, 201 (1937).

BECHHOLD, H. u. M. SCHLESINGER: (1) Die GréBenbestimmung vonsubvisiblem

Virus durch Zentrifugieren. Die Gréfe des Pockenvakzine- und Hiihner-

pesterregers. Biochem. Z. 236, 387 (1931).

— (2) GréBe von Virus der Mosaikkrankheit der Tabakpflanze. Phytopath.

7%. 6, 627 (1933).
Benson, 8. P. and G.T. WESTERN: Observations on the virus of psittacosis.

Brit. J. exper. Path. 11, 502 (1930).

. Best, R. J.: Precipitation of the tobacco mosaic virus complex at its isoelectric

point. Austral. J. exper. Biol. a. med. Sci. 14, 1 (1936).

Biscon, J., E.G. Pickers, and R. W. G. WrcKorr: (1) Light metal rotors

for the molecular ultracentrifuge. Rev. sci. Instr. 7, 246 (1936).

— (2) An air-driven ultracentrifuge for molecular sedimentation. J. exper.

Med. (Am.) 64, 39 (1936).

Bianp, J.O. W.: Filter and centrifuge experiments with guinea-pig vaccinia

virus. Brit. J. exper. Path. 9, 283 (1928).

BorReEL, A.: Sur les inclusions de l’épithélioma contagieux des oiseaux (molluscum

contagiosum). C. x. Soc. Biol. 57, 642 (1904).

Brewer, P.H., H.R. Kraypitt, and M. W. GARDNER: Purification of the

virus of tomato mosaic. Phytopathology 17, 744 (1927). Abstr. ”

Brewer, P. H., H.R. Kraypitt, R. W. Samson, and M. W. GarpNer: Puri-

fication and certain properties of the virus of typical tomato mosaic. Phyto-

pathology 20, 943 (1930).

Browx, H. and J. A. Kotmer: Attempted chemical isolation of the virus of

poliomyelitis. Proc. Soc. exper. Biol. a. Med. (Am.) 37, 137 (1937).

CALDWELL, J.: Possible chemical nature of tobacco mosaic virus. Nature

(Brit.) 138, 177 (1934).
CLark, P.F., J. Scuryprer, and D. J. Roperts: Some properties of polio-

myelitis virus. J. Bacter. (Am.) 20, 213 (1930).

Ciaupe, A.: (1) Properties of the causative agent of a chicken tumor. X. Che-

mical properties of chicken tumor extracts. J. exper. Med. (Am.) 61, 27 (1935).

— (2) Properties of the causative agent of a chicken tumor. XIII. Sedimen-

tation of the tumor agent, and separation from the associated inhibitor.

J. exper. Med. (Am.) 66, 59 (1937).

— (8) Fractionation of chicken tumor extracts by high speed centrifugation.

Amer. J. Canc. 80, 742 (1937). /

—— (4) Concentration and purification of Chicken Tumor I agent. Science 87,

467 (1938).

Cuaupr, A. and J.B. Murry: Transmissible tumors of the fowl. Physiol.

Rev. (Am.) 18, 246 (1933).
Crirron, C. E-: (1) A method for the purification of the bacteriophage. Proc.

Soc. exper. Biol. a. Med. (Am.) 28, 32 (1930).

— (2) Photodynamic action of certain dyes on the inactivation of staphylo-

coccus bacteriophage. Proc. Soc. exper. Biol. a. Med. (Am.) 28, 745 (1931).

Craraip, J.: The nature of the vaccinia flocculation reaction, and observations

on the elementary bodies of vaccinia. Brit. J. exper. Path. 13, 259 (1932).

Dawsox, M.H.: The transformation of pneumococcal types. II. The inter-

convertibility of type-specific S pneumococci. J. exper, Med. (Am.) 51,

123 (1930).
Dawson, M.H. and R.H.P. Sia: In vitro transformation of pneumococcal

types. I. A technique for inducing transformation of pneumococcal types

in vitro. J. exper. Med. (Am.) 54, 681 (1931). :

DuacaR, B.M.: Standardization and relative purification technique with

plant virus preparations. Proc. Soc. exper. Biol. a. Med. {Am.) 30, 1104 (1933).

 



 

494

33.

W.M. StaNLEY: Biochemistry and biophysics of viruses.

Exrorp, W.J.: (1) A new series of graded collodion membranes suitable for
general bacteriological use, especially in filterable virus studies. J, Path.
a. Bacter. 34, 505 (1931).

— (2) The principles of ultrafiltration as applied in biological studies. Proc,
roy. Soc., Lond., Ser. B: Biol. Sci. 112, 384 (1933).

~— (3) Centrifugation studies: I. Critical examination of a new method as applied
to the sedimentation of bacteria, bacteriophages and proteins. Brit, J.
exper. Path. 17, 399 (1936). ,

34. ELrorp, W. J. and C. H. ANDREWwEs: (1) The sizes of different bacteriophages.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,
45.

46.

47.

48.

49.

Brit. J. exper. Path. 18, 446 (1932).
— (2) Estimation of the size of a fowl tumour virus by filtration through

graded membranes. Brit. J. exper. Path. 16, 61 (1935).
— (3) Centrifugation studies: II. The viruses of vaccinia, influenza and Rous

sarcoma. Brit. J. exper. Path. 17, 422 (1936).
ERIKSSON-QUENSEL, I. and T. SvepBERG: Sedimentation and electrophoresis

of the tobacco-mosaic virus protein. J. amer. chem. Soc. 58, 1863 (1936),
FRANKEL, E.: Investigations into the blastogenic principle in fowl sarcoma,

and their significance in the theory of the origin of malignant tumours.
Lancet 1929 II, 538.

FRAENKEL, E, M. and C. A. Mawson: (2) Adsorption and elution of the Rous
sarcoma agent. Brit. J. exper. Path. 16, 416 (1935).

— (2) Further studies of the agent of the Rous fowl sarcoma: A. Ultra-centri-
fugation experiments; B. Experiments with the lipoid fraction. Brit. J.
exper, Path. 18, 454 (1937).

FRANKEL, E. u. E, Mis.owitzer: Versuche zur Isolierung des blastogenen
Prinzips beim Rovus-Sarkom. Z. Krebsforsch. 29, 491 (1929).

FRANKEL, E., E. MIsLowitzer u. R. SIrKke: Untersuchungen iiber das Agens
des Rovs-Sarkoms. Z. Krebsforsch. 27, 477 (1928).

GIRARD, P. et V. SERTIC: Action de hauts champscentrifuges sur diverses cellules
bactériennes, sur différents bactériophages et la lysine diffusible d’un bac-
tériophage. C. r. Soc. Biol. 118, 1286 (1935).

GoLpsTEIN, B.: (1) Cytological study of living cells of tobacco plants affected
with mosaic disease. Bull. Torrey botan. Club 51, 261 (1924).

— (2) A cytological study of the leaves and growing points of healthy and
mosaic diseased tobacco plants. Bull. Torrey botan. Club 53, 499 (1926).

Gratia, A.: (1) La centrifugation des bactériophages. C. r. Soe. Biol. 117,
1228 (1934).

— (2) La centrifugation des bactériophages. Bull. Soc. Chim. biol. (Fr.) 18.
208 (1936).

~~ (3) Suite de la mise au point, pourles usages biologiques, de lultracentrifugeur
a air comprimé de Hrenriot-HuGuENnarpD. C. r. Soc. Biol. 125, 1057 (1937).

Gratia, A. et P. Maniz: De Vultracentrifugation des virus des plantes. C. r.
Soe. Biol. 126, 423 (1937).

GRIFFITH, F.: Significance of pneumococcal types. J. Hyg. (Brit.) 27, 113 (1928).
HEIDELBERGER, M. and O.T. AverY: (1) The soluble specific substance of

pneumococcus. J. exper. Med. (Am.) 38, 73 (1923).
— (2) The soluble specific substance of pneumococeus. Second paper. J.

exper. Med. (Am.) 40, 301 (1924).

Hewniot, E. et E. Hucuenarp: (1) Sur la réalisation de trés grandes vitesses
de rotation. C. r. Acad. Sci. 180, 1389 (1925).

— (2) Les grandes vitesses angulaires obtenues par les rotors sans axe solide.
J. Physique et le Radium 8, 433 (1927).

D’HERELLE, F.: Le bactériophage: son réle dans Pimmunité. Paris: Masson
et Cie. 1921.

Hogan, I. A.: Cytological studies on virus diseases of solanaceous plants.
J. agric. Res. 85, 651 (1927).

Hormes, F.0.: Local lesions in tobacco mosaic. Bot. Gaz. $7, 39 (1929).



 
 

50.

51.

52.

53.

54.

55.

56.

e
T
o
r

59.

60.

61.

66.

67.

68.

69.

71.

72.
73.

74.

Bibliography for concentration and purification of viruses. 495

Iwanowskl, D.: Uber die Mosaikkrankheit der Tabakspflanze. Z. Pflanzenkrkh.

18, 1 (1903).
Janssen, L. W.: Die Herstellung eines stark gereinigten Virus der Maul- und

Klauenseuche. Z. Hyg. 119, 558 (1937).

JANSSEN, L. W.u. E. Bass: Das Niederschlagen des Virus der Maul- und Klauen-
seuche mit Alkohol und Ather. Miinch. tierarztl. Wschr. 86, 373 (1935).

JoBLinc, J. W. and E.E. Sprovn: (2) The transmissible agent in the Rous
chicken sarcoma no. 1. Science 84, 229 (1936).

— (2) Relation of certain viruses to the active agent of the Rous chicken

sarcoma. Science 85, 270 (1937).

Jounxson, B.: Concentration of the virus of the mosaic of tobacco. Amer. J.

Botany 21, 42 (1934).
Kipp, J. G., J. W. Bearp, and P. Rous: Serological reactions with a virus

causing rabbit papillomas which become cancerous. I. Tests of the blood
of animals carrying the papilloma. J. exper. Med. (Am.) 64, 63 (1936).

Kuiccer, I. J. and L. OxrrzKt: (7) Studies on protein-free suspensions of viruses.
I. The adsorption and elution of bacteriophage and fowl-pox virus. Brit.

J. exper. Path. 12, 172 (1931).
— (2) Purification of phage by adsorption and elution. Proc. Soc. exper.

Biol. a. Med. (Am.) 30, 1365 (1933).

. Kuuyver, A. J.: Levens nevels. Handel. 26. nederlandsch. nat. gen. Cong.,

S. 82. 1937,
. Krurcer, A. P.: The nature of bacteriophage and its mode of action. Physiol.

Rev. (Am.) 16, 129 (1936).
Krvuecer, A. P. and H. T. Tamapa: The preparation of relatively pure bacterio-

phage. J. gen. Physiol. (Am.) 18, 145 (1929).
Larkum, N. W.: Relationship of bacteriophage to toxin and antitoxin. Proc.

Soc. exper. Biol. a. Med. (Am.) 30, 1395 (1933).

Lepincuam, J.C. G.: The aetiological importance of the elementary bodies
in vaccinia and fowl-pox. Lancet 1931 I, 525.

. Lepincuamu, J.C. G. and W.E. Gre: On the nature of the filterable tumour-
exciting agent in avian sarcomata. Lancet 1935 1, 376.

. Lerrcu, A.: On the pathogenesis of cancer. In: Report of the International

Conference on Cancer, §. 20. London 1928.

. Lewis, M.R.: Production of tumors by means of purified (protein removed)
tumor extracts. Amer. J. Canc. (Suppl.) 15, 2248 (1931).

. Lewis, M.R. and H.B. ANDERVoNT: The adsorption of certain viruses by
means of particulate substances. Amer. J. Hyg. 7, 505 (1927).

Lewis, M.R. and W. MENDELSOHN: Purified (protein free) virus of chicken

tumor no. 1. Amer. J. Hyg. 18, 639 (1931).
Losin, M.: A studyof ascorbic acid as an inactivating agent of tobacco mosaic

virus. Contr. Boyce Thomp. Inst. 8, 445 (1937).

LosKxix, M. and C. G. Vixson: Effect of enzymes upon the infectivity of the
virus of tobacco mosaic. Contr. Boyce Thomp. Inst. 8, 147 (1931).

Lorine, H.S. and W.M. Sraniey: Isolation of crystalline tobacco mosaic
virus protein from tomato plants. J. biol. Chem. (Am.) 11%, 733 (1937).

. Lorine, H. 8. and R. W. G. Wrckorr: The ultracentrifugal isolation of latent
mosaic virus protein. J. biol. Chem. (Am.) 121, 225 (1937).

MacCattum, W. G. and E.H. Oppenusimer: Differential centrifugalization;
a method for the study of filterable viruses, as applied to vaccinia. J. amer.

med. Assoc. 78, 410 (1922).
MacCrement, D.: Purification of plant viruses. Nature (Brit.) 138, 760 (1934).
Martin, L. F.. H.H. McKinney, and L. W. Bore: Purification of tobacco

mosaic virus and production of mesomorphic fibers by treatment with
trypsin. Science 86, 380 (1937).

MascuMaxnx, E. and B. Atprecut: The carcinogenic agent of the chicken
sarcoma of P. Rous. Z. physiol. Chem. 196, 241 (1931).



496

75.

77,

78.

80.

8].

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

. McIntosu, J. and F. R. SetBre: The measurement of the size of viruses by

. Muramatsu, K.: Uber die physikalische und chemische Beschaffenheit der  
W. M. StanLer: Biochemistry and biophysics of viruses.

McIntosu, J.: The sedimentation of the virus of Rous sarcoma and thebacteriophage by a high-speed centrifuge. J. Path. a. Bacter, 41, 215
(1935). Abstr.

high-speed centrifugalization. Brit. J. exper. Path. 18, 162 (1937).
McKinney, H.H.: Quantitative and purification methods in virus studies,J. agric. Res. 35, 13 (1927). .
Minone, S.: Sull’assorbimento superficiale dell’agente del sarcoma dei polli

di Perron Rovs. Arch. Sci. med. 52, 321 (1928).

Bakteriophagen. Jap. J. exper. Med. 9, 333 (1931).
Murpuy, J.B., E. Sturm, A. CLAUDE, and O. M. Hetwer: Properties of the

causative agent of a chicken tumor. ITI. Attempts at isolation of the active
principle. J. exper. Med. (Am.) 56, 91 (1932).

Nakawara, W. and H. Naxkagra: Adsorption and elution experiments on
filterable agent of Rous chicken sarcoma. Gann (Jap.) 27, 202 (1933).

NEUFELD, F. u. W. LEVINTHAL: Beitrage zur Variabilitat der Pneumokokken.4. Immunit.forsch. 55, 324 (1928).
Norturop, J. H.: (1) Isolation and properties of pepsin and trypsin. In: The

Harvey Lectures, 1934/35, The Williams and Wilkins Co., Baltimore, 30,
229 (1936).

— (2) Concentration and partial purification of bacteriophage. Science S84,90 (1936).
-— (3) Concentration and purification of bacteriophage. Collecting Net 12,188 (1937).
—— (4) Concentration and purification of bacteriophage. J. gen. Physiol. (Am.)

. 21, 335 (1938).
PaRKER, R.F. and T. M. Rivers: Immunological and chemical investigations

of vaccine virus. I. Preparation of elementary bodies of vaccinia. J. exper.Med. (Am.) 62, 65 (1935).
PASCHEN, E.: Was wissen wir tiber den Vakzineerreger ? Mtinch. med. Wschr.

53, 2391 (1906).
PENTIMALLI, F.; Analisi spettrografica dell’agente del sarcoma dei poll. Tumori22 (Ser. 2, 10), 14 (1936).
Perre, A. W.: Factors influencing the activity of tobacco mosaic virus prepa-

rations. Contr. Boyce Thomp. Inst. 7, 19 (1935).
Pirin, A.: Adsorption experiments with the Rous sarcoma virus. Brit. J.

exper. Path. 12, 373 (1931).
Porrarp, A. and C. R. Amres: An investigation of the alleged tumour-producing

properties of lipoid material extracted from Rots sarcoma desiccates. Brit.
J. exper. Path. 18, 198 (1937).

Price, W.C. and R. W. G. Wyckorr: The ultracentrifugation of the proteins
of cucumber viruses 3 and 4. Nature (Brit.) 141, 685 (1938).

PyL, G.: (7) Adsorptionsversuche mit Maul- und Klauenseuchevirus in Puffer-
lésungen. Zbl. Bakter. usw., Abt. I, Orig. 121, 10 (1931),

— (2) Die Bedeutung der kolloidalen Trager fiir die Bestindigkeit des Virus
der Maul- und Klauenseuche. Z. physiol. Chem. 218, 249 (1933).

— (3) Uber eine zweite Form des Maul- und Klauenseuche-Virus, Z. physiol.
Chem. 244, 209 (1936).

Rawwins, T. B. and J. Jounsoy: Cytological studies of the mosaic discase
of tobacco. Amer. J. Botany 12, 19 (1925). .

Ruoaps, C.P.: Immunization with mixtures of poliomyelitis virus and alu-
mimum hydroxide. J. exper. Med. (Am.) 53, 399 (1931).

Ross, A. F. and C. G. Vinson: Mosaic disease of tobacco. Missouri agric. exp.
Sta. Res. Bull. 958 (1937).

Rows, P.: A sarcoma of the fowl! transmissible by an agent separable from the
tumorcells. J. exper. Med. (Am.) 18, 397 (1911).  
 



iis
da
ha
h
a

 

 

 

96.

97.

98.

99.

100.

101.

102,

103.

104.

106,

' 107,

108.

109.

110.

122.

Bibliography for concentration and purification of viruses. 497 °

Rows, P. and J. W. Bearp: The progression to carcinoma of virus-inducedrabbit papillomas (SWOPE). J. exper. Med. (Am.) 62, 523 (1935).Sanrn, A. B.: Experiments on the purification and concentration of the virusof poliomyelitis. J. exper. Med. (Am.) 56, 307 (1932).
SCHLESINGER, M.: (1) Die Bestimmung von TeilchengréBe und spezifischemGewicht des Bakteriophagen durch Zentrifugierversuche. ZZ. Hyg.114,161 (1932).
— (2) Reindarstellung cines Bakteriophagen in mit freiem Auge sichtbarenMengen. Biochem. Z. 264, 6 (1933).
Suoprr, R.E.: Infectious papillomatosis of rabbits. J. exper. Med. (Am.) 48,607 (1933).
Sia, R.H.P. and M.H. Dawson: In vitro transformation of pneumococcaltypes. II. The nature of the factor responsible for the transformation ofpneumococcal types. J. exper. Med. (Am.) 54, 701 (1931).
SITTENFIELD, M.J., B.A. JOHNSON, and J. W. Josrixe: (Z) Demonstrationof a tumor-inhibiting substance in filtrate of Rous chicken sarcoma andim normal chicken sera. Proc. Soc. exper. Biol. a. Med. (Am.) 28, 517 (1931).— (2) Demonstration of inhibitory substances infiltrate of Rous chicken sar-coma and their separation from active agent. Amer. J. Canc. (Suppl.) 14,2275 (1931).
Smapex, J.E. and M. J. Watt: Elementary bodies of vaccinia from infectedchorio-allantoic membranes of developing chick embryos. J. exper. Med.(Am.) 66, 325 (1937).
Smit, F.¥.: Some cytological and physiological studies of mosaic diseasesand leaf variegations. Ann. Missouri botan. Gard. 13, 425 (1926).STANLEY, W. M.: (2) Isolation of a crystalline protein possessing the propertiesof tobacco-mosaic virus. Science 81, 644 (1935).
— (2) Isolation and properties of virus proteins. Erg. Physiol. usw. 39, 294(1937).
— (3) The isolation and properties of tobacco mosaic and other virus proteins.In: Harvey Lec. (Am.) 33, 170 (1938); Baltimore: The Williams and‘Wilkins Co., 1937/38; also in Bull. N.Y. Acad. Med. 14, 398 (1938).— (4) Recent advances in the study of viruses. In: The Sigma Xi Lectures.NewHaven: The Yale University Press, 1938.

- SvtanLey, W.M. and R. W. G. Wycxorr: The isolation of tobacco ring spotand other virus proteins by ultracentrifugation, Science 85, 181 (1937).Sugiura, K. and 8. BR. Bexeprct: Fractionation of Rous chicken sarcoma.J. Cane. Res. (Am.) 11, 164 (1927).
SvEDBERG, T.: The ultra-centrifuge and the studyof high-molecular compounds.Nature (Brit.) 139, 1051 (1937).
Takauasur, W.N. and T. E. Rawziys: Stream double refraction of preparationsof crystalline tobacco-mdsaic protein. Science $5, 103 (1937).
Tane, F.F., W.J. Etrorp, and I. A. Gattoway: Centrifugation studies.IV. The megatherium bacteriophage and the viruses of equine encephalo-myelitis and louping ill. Brit. J. exper. Path. 18, 269 (1937).
Vinson, C. G.: (1) Precipitation of the virus of tobacco mosaic. Science 66,357 (1927).
~— (2) Mosaic diseases of tobacco: V. Decomposition of the safranin-virusprecipitate. Phytopathology 22, 965 (1932).

. Vinson, ©. G. and A. W. Petre: (2) Mosaic disease of tobacco. Bot. Gaz. 87,
14 (1929).

—— (2) Mosaic disease of tobacco. II. Activity of the virus precipitated bylead acetate. Contr. Boyce Thomp. Inst. 3, 131 (1931).
Wooprurr, C.E. and E.W. GOODPASTURE: (J) The infectivity of isolatedinclusion bodies of fowl-pox. Amer. J. Path. 5, 1 (1929).
— (2) The relation of the virus of fowl-pox to the specific cellular inclusionsof the disease. Amer. J. Path. 6, 713 (1930).

Hdb. d. Virusforschung, I.
32



 

|

498 W.M. STaNLEY: Biochemistry and biophysics of viruses.

113. Wyckorr, R. W. G.: Ultracentrifugal concentration of a homogeneous heavy
component from tissues diseased with equine encephalomyelitis. Proc. Soc,
exper. Biol. a. Med. (Am.) 36, 771 (1937).

114. Wycxorr, R.W.G., J. Biscoz, and W.M.Srantey: An ultracentrifugal
analysis of the crystalline virus proteins isolated from plants diseased with
different strains of tobacco mosaic virus. J. biol. Chem. (Am.) 117, 57 (1937).

115. Wxyckorr, R, W. G. and J. B. Lacsp1n: Improvements in the air-driven ultra.
centrifuge for molecular sedimentation. Rev. sci. Instr. 8, 74 (1937).

116. Yaor, H. and W. Naxanara: Ultrafiltration experiments on filterable agent
of Rous chicken sarcoma. Gann (Jap.) 29, 222 (1935),

Tlf. Chemical and physical properties of viruses.

Introduction.

For some years attempts to study the chemical and physical properties of
viruses have consisted of experiments designed to yield information concerning
their nature and size. Extracts containing virus plus greater or smaller amounts
of extraneous material were subjected to the action of different chemical and
physical agents, to filtration through membranes of knownporosity, and more
recently to centrifugation in knownfields of force. These studies, some of which
are described in the two preceding sections, were very valuable from the stand-
point of serving to increase our general knowledgeof viruses. Frequently, however,
they did not yield information concerning the chemical and physical properties
of the viruses themselves, despite the fact that the results were usually so inter-
preted, for the viruses were always accompanied by extraneous material, the
effect of which it was impossible to evaluate. In some virus preparations the inert
extraneous material probably comprised over 99 per cent of the solids, whereas in
others it probably comprised less than 20 per cent of the solids. The nature and
amount of extraneous matter varied with the host from which the virus extract
was prepared. The presence of this extraneous material was either a real or
a potential source of interference in the establishment of the true properties of
a given virus, and before viruses were concentrated and purified it was
practically impossible to be certain that a given property was really characteristic
of a given virus. For example, the thermal inactivation point of tobacco mosaic
virus is usually given as 93° C., because the virus in freshly expressed juice
from diseased Turkish tobacco plants is usually inactivated on heating to 93° C.
for 10 minutes. However, this point varies from sample to sample, depending
upon the concentration of virus and upon the host from which the virus was
obtained, for these two factors affect the relationship between virus and
extraneous material. It has been impossible to determine the thermal inactivation
point of the virus itself in such preparations because of the effect of the extra-
neous matter. When this extraneous matter is removed and the tobacco mosaic
virus is obtained in the form of crystalline virus protein, the thermal inacti-
vation pointis found to be, not 93° C., but about 75° C., and the point remains
the same regardless of the source of the virus.

The filtration experiments on the virus of latent mosaic of potato may be
given as another example of the erroneous impressions that may result from work
with unpurified preparations of virus. Thesefiltration results indicated that the
particle size of the latent mosaic virus is 75-112 my, or about 3 or 4 times that of
tobacco mosaic virus. This virus has recently been concentrated and obtained in
the form of a homogeneouspurified virus protein having a sedimentation constant
of 113, a value that is only about 60 per cent that of tobacco mosaic virusprotein.
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