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SCIENCE 


without serum, none of these strains suffered any loss 
of their enhanced peripheral titer. Furthermore, pro- 
tractLd contact of such virus with sub-effective doses 
of an antiserum prepared by immunization of rabbits 
against one of the invasive strains failed to bring 
about a reversion to non-invasiveness. From what 
has been said it is obvious that the described variation 
is clear-cut and permanent when it takes place; how- 
ever, the occurrence of failures on repetition under 
identical experimental conditions attests to the unpre- 
dictable nature of the biological process involved. 

Serological tests were performed in order to deter- 
mine the identity of one of the new viral forms pro- 
duced by contact with normal rabbit serum. As may 
be seen from Table I, the non-invasive standard 

TABLE 1 
CROSS NEUTRALIZATION AND INVASIVEOF NON-INVASIW 

~ ! C R A I N S  O F  THEILER'SVIRUS BY CORRESPONDINCJ 
ANTIVIRALIMMUNERABBIT SERA I N  INTRA-

CEREBRAL AND INT~APERITONEAL1'ESTS 
-.-.-- --- - --

Antiserum Antiserum 
" against non- againstTheiler's virus invasive invasive 

strain strain 

Minimum Minimum 
lethal doses lethal doses 
neutralized neutralized 

Phase Potency 

Non-invasive i.c. 104 101 101 
pacent i.p. 10-I 104* 104* 
virus 

Invasive i.c. 10-10 104 104 
variant i.p. 10-0 101Ot 1010t 
virus 

* Serum neutralized up to 1 : 1000 dilution. 
t Serum neutralized up to 1 : 10 dilution. 

GDVII strain was neutralized quantitatively as well 
by its homologus antiserum as by a hyperimmune 
serum produced against the invasive strain. Con-
versely, neutralization of the invasive strain by its 
homologous antiserum occurred a t  the same levels as 
that obtained with anti-GDVII seruin. Neither strain 
of Theiler's virus, invasive or non-invasive, w?s neu-
tralized when tested intraperitoneally with antisera 
produced against two strains of mouse-adapted human 
poliomyelitis virus (SK, MM).4*5 It is clear from 
these data that the invasive variant of Theiler's virus 
was serologically indistinguishable from the non-in- 
vasive parent strain. It is also obvious that the inva- 
sive Theiler strain did not result from chance con-
tamination with murine S K  or MM virus. 

I n  summary it may be said that rapid passage in 

4 C. W. Jungeblut, M. Sanders and ,R. Feiner, Jour. 
Exp. Med., 75: 611, 1942. 

5C. W. Jungeblut and G. Dalldorf, Am. Jour. Publ. 
Health, 33: 169, 1943; C. W: Jungeblut, Am. Jour. Publ. 
Health, 34: 259, 1944. 

mice of Theiler's virus of mouse encephalomyelitis in- 
duces, on certain occasions, a variation of the infee- 
tious agent. The most characteristic feature of this 
variation is an enhancement in the power of the virus 
to invade the central nervous system from peripheral 
channels of infection. The phenomenon apparently is 
aided by previous contact of virus with certain normal 
sera. The resulting variant seems to be stable since it 
retains its newly acquired properties over several 
mouse-passages. The available serological evidence 
indicates that the invasive strain is antigenically iden- 
tical with the non-invasive present strain. The re-
ported data support earlier observations on biolog-
ical changes of Theiler's virus and throw new light 
on the inherent variability of the viruses belonging to 
the poliomyelitis group. 

Grateful acknowledgment is made of the assistance 
of Mr. Frank Vasi in the course of this work. 
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FRUCTOSAN, A RESERVE CARBOHYDRATE 

IN GUAYULE, PARTHENIUM 


ARGENTATUM GRAY 

INthe course of investigations on the carbohydrate 

metabolism of the rubber-producing plant guayule, in-
direct evidence was obtained for the presence of a 
polysaccharide having the properties of a fructosan. 
This constituent was isolated and identified as follows : 

Two hundred grams of dry coarsely ground mixed 
guayule tissue was extracted with 80 per cent. ethanol 
until the percolate was colorless. The tissue was air  
dried, and extracted with 5 separate 300 ml portions 
of water a t  the temperature of the boiling water bath. 
The combined dark-colored water extract was then 
treated with excess neutral lead acetate, centrifuged, 
and deleaded with H, S. After adjustment to pEI 6, 
the solution was decolorized with charcoal a t  about 
80' C and concentrated to 100 ml under reduced 
pressure. 

Addition of 3 volumes of acetone to the concentrate 
caused the formation of a white precipitate, which was 
allowed to flocculate in an ice bath. This precipitate 
was centrifuged down, taken up in water a t  80' C, 
treated with charcoal, and again precipitated with ace- 
tone in the cold. The resultant floe was taken up in 
water, treated with lead acetate, deleaded, and pre- 
cipitated with acetone. After washing with acetone, 
the substance ( I )  was dried under vacuum. 

The substance ( I )  was practically insoluble in water 
a t  room temperature, but dissolved readily in hot 
water to give a clear solution. It showed no color 
change with iodine, and was non-reducing. On mild 
acid hydrolysis the substance ( I )  gave rise to a 



I 

strodgly reducing substance, 11. Both I and I1showed 
positive ketose tests with Seliwanoff's reagent, and 
were levorotatory. The osazone of I1 was identical 
with that of fructose. 

On the basis of the above observations it is con-
cluded that fructosan is one of the carbohydrate con- 
stituents of guayule. I n  so far  as tests conducted to 
date indicate, this polysaccharide (I) appears to be 
inulin,l but its exact constitution remains to be deter- 
mined. 

Using a colorimetric method, values for the fruc- 
tosan content in the stem and roots of guayule have 

ranged from 0.2 to 12  per cent. (dry weight basis), 
depending on the conditions under which the plants 
were grown. Evidence that this polysaccharide is the 
chief storage carbohydrate in this species will be pre- 
sented in detail elsewhere. 
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SCIENTIFIC APPARATUS AND LABORATORY METHODS 

NUCLEAR BEHAVIOR IN RELATION TO 


CULTURE METHODS FOR PENI- 

CILLIUM NOTATUM WESTLING 


DIFFERENCESin the yield of penicillin from Penicil-
l i um  no ta tum Westling occur among strains or in sub- 
cultures of the same strain, even when grown from 
single spore isolations. Clutterbuck, Lovell and Rais- 
trick1 reported difficulty in maintaining Fleming's 
strain of P. notaturn. Currently Hansen and Snyder2 
attribute this variation to the dual phenonlenon which 
they have found to be characteristic of many fungi." 
To maintain an active culture these authors recom- 
mend selection of a suitable strain following single 
spore isolation and tests for yield. Subsequent trans- 
fers can then be made by mass spore transfer. 

Foster et  aL4 recommend merely the selection of a 
high potency strain and its maintenance by mass spore 
transfers. An analysis of the 19 substrains they de- 
rived from 3 dXerent parent colonies clearly suggests 
that association and dissociation of genetic factors can 
not be overlooked as an explanation of the varied re- 
sults recorded by these and other investigators. 

I n  none of these accounts has the nuclear behavior 
been taken into consideration. If  heterokaryosis or 
the interaction of genetically different haploid nuclei 
in the same mycelium is responsible for the variation 
in penicillin production it is necessary to know whether 
P .  lzotatum has a nuclear cyclc capable of such be- 
havior. The details of a cytological investigation of 
this fungus are now in press, to be published shortly." 
I t  will suffice herc to say that the conidia of this fungus 

1After this note was submitted for publication, an in- 
cidental statement (not supported by data) to the effect 
that inulin ocems in guayule was found in a report of 
the Experimental Chemical Laboratory of the Italian Min- 
istry of War (Silvio Guglielminetti, Azzurra Agricola-
Bloreale, 16: 63. 1936). 

1 P. W. ~luttkrbuck,R. Lovell and 11. Raistrick, Bio-
chem. Jour., 26: 1907, 1932. 

2 H. N. IIansen and W. C. Snyder, SCIENCE, 99: 264, 
1944. 

3 H. N. Hansen, Mycologia, 30: 442, 1938. 

are predominantly uninucleate although occasionally 
bindcleate conidia occur. Using C and h!L to designate 
types, single conidia then could co~rlprise e i the~  of 
these genetic factors or their possible con~binations: 
C, M, CM, CC or MM, depending on the number of 
nuclei per conidium. If  a spore is heterotypic then 
the genetic means of variation are present from the 
outset. If  it  is homotypic presumably thc line can be 
developed monotypically provided no mutations occur. 
However, in mass spore .transfers a few hours after 
germination there is marked anastomosis arnong the 
developing germ tubes, conidia and niycelia, giving 
abundant opportunity.for nuclear interchange. Since. 
analysis of cultural isolates indicates that the v;vria- 
tions are due to a mixture of genetic factors following 
anast'omosis and the establishment of heterokaryosis, it 
would appear that a t  present mass spore transfer 
methods would offer as certain a way as any of keep- 
ing active cultures. Unless a spore is hinucleate and 
heterotypic, an infrequent condition in this fungus, 
the effect of heterokaryosis is eliminated by single 
spore transfer. Mass spore transfer increases the 
chances of nuclear mixing and consequently betero-
karyotic vigor. 
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4 J. W. Foster, H. B. Woodruff and L. E. MeDaniel, 
Jour. Bact., 46: 421, 1943. 

5 G. E. Baker, Bull. Tirrrey--Bot. Clzib. In 'press. 
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