
-- 
509 May 20, 1949, Vol. 109 SCIENCE 

Chemical Induction of Colonial Paramorphs 
in Neivrospora and Syncephulustrivml 
E. L. Tatum, R. W. Barratt and V. M. Cutter, Jr. 
Department of  Microbiology, Yale University and 
Department o f  Biological Sciences, Stanford University 

G
ENETIC ALTEXATION in fungi has been 
found to give rise to two main classes of 
mutant strains. Most thoroughly invcsti-

gated have been the "biochernical" types of mutants, 
in whicli specific defective biosynthescs have bcen 
dcuionstratcd (3, 4 ) .  The other class includes the 
"morphological" rriutant types, which diBcr from the 
wild type in growth habit, and which in general can- 
not be rcstorcd to normal by varying the physical or 
chemical environnicnt of the mutant strain. Distinc-
tive colonial types of moi*phological mutants have 
bcen dcscribed as  "button" (11), "colonial" ( I ) ,  o r  
"cauliflower" (8, 13) ,  and several have becn sliown to 
differ froui the wild type by single genes (1, 11) .  

I t  has bccn found that on tlie addition of certain 
chen~icals to culturc rncdia thc morphology of wild-
type cultures of Neurospora will change so that they 
closcly resemble in growth habit certain genetically 
detcrrnined colonial types. Thcse phenomena are ob- 
viously impoi-tant because of their possible relation 

rrlycclial growth of certain fungi. Sincc desoxycholic 
acid is a normal constituent of ox bile, we have tested 
tlie cffccts of  the addition of sodiuin dcsoxycholate to 
culturc media, and have found that i t  restricts the 
growth of Neurospora and the mucoraccous fungus 
Syncephalastrum racernosurn to a compact thallus or 
colony. Further tests have shown that a number of 
other agents addcd to either liquid or  solid media arc 
lilrcwisc capable of producing colonial pararnorphs in 
tlicsc fungi. Typical results obtained with some of 
these substanccs arc given in Tablc 1. Tlie rriost suit- 
able conccntration of sodium dcsoxycholatc fo r  the 
production of small discrete colonies of either fungus 
is 0.03 to 0.035 percent (9 x molar) in medium 
buffcrcd to p H  7.0. 

Sincc sodiu~ti desoxycholatc is surface-active, an-
other anionic surface-active agcnt, Tcrgitol 72 (sodiurn 
3,9-diethyltridecanol-6 sulfate) was tested and found 

to the incchanism of gene-dctcrrnincd in~~phogcnes i s  
in  fungi, and also because of their practical utility 
in  handling these microorganisms. Thc term paru-
rnorph is proposed to designate a fungus culture in  
wliich morphological changcs have been cnvironmcn- 
tally induced without any corrcsponding genetic alter- 
ations. I t  is thought that p a r a r r ~ o ~ p h  (paramorphic 
phenocopy) or paramorphic culture more exactly ex- 
presses the desired meaning than the term phenoeopy 
a s  used by Goldschrnidt (7). Phenocopy has been 
applied to environrncntal duplication of specific gene 
cffccts on development. Parainorph refers to a class 
of morphological changes in a less differentiated 
organism. Since pararnorphogenic activity would in- 
volvc a n  environmentally induced qualitativc change 
in growth habit, i t  is to be distinguished from toxicity 
effects in which a colony may grow to a. lirriited extent 
before i t  is killed by a chemical. I n  thc experiments 
here described, the colonial pararrlorphic cultures 
transplanted to inhibitor-free rrlediuni have always 
grown, and have resurncd thcir norrrlal growth habit. 

Littrilann (.ZR)observed that the addition of 1.5 per-
cent dehydrated ox gall to culture rncdia restricted 

1 Work donc in part under a grant-in-aid from the Ameri- 
can Cancer Society upon ofreco~nmer~datior~ the Co~rrmittee 
on Growth of the National Research Council. 

to induce similar growth changes in both organisms. 
The most suitable conccntration was 0.00175 percent 
( 5 x 10-"nolar) when added to autoclaved rriediurn. 

The observation that inositol-requiring mutant 
strains of Neurospora grown in suboptiuial concen- 
trations of inositol form pellets in liquid culture ( 2 ) ,  
and forrri restrictcd colonies on agar  media, suggested 
the possible rclation of inositol to thc pararnorphic 
effccts described above. Since gainrrlcxane (Y-hexa-
chlorocyclohexanc) has bcen shown to be a specific 
inhibitor of certain biological and enzylnatic activities 
of inositol (5 ,  9, l o ) ,  tlie colonial parari~orpliogenic 
activity of garnmcxanc was investigated. As shown 
in Tablc 1, this cornpound, addcd to either minimal 
o r  complete agar media in a concentration of 0.025 
percent, was found to bc a inoderatcly effective para- 
lnorphogenic agcnt fo r  Syncephalastrum. I t s  effect 
on wild-type Nezcrospora is rriuch less marked, giving 
only a slight modification of n i o ~ h o l o g y  and no ap- 
preciable change in growth rate. Thcse effccts of 
garnincxane cannot be rcvcrs.ed by inositol. 

L-Sorbose, thc keto-hcxose listed in Tnble 1,is also 
paramorphogcnic, but diflers from the othcr corn-
pounds in that much higher concentrations a re  re-
quired f o r  activity. I n  addition, colonies on sorbose- 
containing agar  rncdia remain restricted in  growth for  

2Sample obtained by courtesy of Carbide and Cinbon 
Chemical Corporation. 
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pcriods u p  to 15 days, whilc with the othcr compounds ride) and Isothan 15 (lauryl isoquinoliniurn bromide), 
the cultures tend to for111 aerial rnycelia carlier. The were vcry toxic, but showed no pararrlorphogenic ac-

TABLE 1 

Ewslams o r  PaaAfironlpIroc;misON Neurospora AnD S~ncephalastrurnCULTURES 

Medium 	 96-hr growth on solid medium* 

Compound C o n c ~ ~ i lration 
Carbon 

Type solirce 

% 
So(1i11m desoxycholate 	 .O1  min. spreading 

.02 min. SK 

.03 min. K 
.03 von~pl. K-30 Inn1 
.03 c.ompI. 

Tcsrgitol 7 	 .001 rrlin. 
,0015 min. 
,002 min. 
,002 min. 1 6 2  mm 
,002 co1nl)l. spreading 
,004 MDA R 4  mm 
.04 film R-1 mm 

Gam~nexane 	 ,025 min. K-1 mm 
.025 compl. K--4 nlm 
.05 min. 
.05 n m A  

1,-Sorbose 	 1.0 min. 
1.0 compl. 

* Chttracterization of growth, o r  average colo~iy diameter in mm. 
t Norn~a l  growth r a t e :  4.0 mm per hr.  Similar results obtained with 5 lines tes ted;  N. crassa SY4a, Ahbolt 12A. 

Chilton a, N. tetrasperma, and  N .  sitoplhila 299-pyridoxinless (pyridoxin added t o  minimal medium). 
8 Normal growtlr r a t e :  0.7 mm per hr.  Average of 4 s t r a i l i s ;  479 New Britain S. W. P., 527 Quebec, Canada, 551 

Columbia University Cultnre Collection, and 742 Panama Canal Zone. 

K-restr~cted growth MDA-minim:~l dextrose asparagine agar  
SIt-slightly 	 r e s t r~c ted  growth 1nin.-Nenrospora mimmal aga r  

S-sucrose cornpl -Ncurospora ~ninirnal aga r  supplemented wit11 vitamins, enzymc1- 
1)-Dextrose hydrolyzed casein, and  yeast extrnct 

parainorphogcnic effect of sorbose can be reversed, tivity. Tween SO (polyoxyethylene derivative of sor- 
apparently competitively, by other sugars; glucose, bitiln monooleate), the only nonionic surface active 
sucrose (see Fig. I),and more slowly by maltose and agent tested, was not toxic a t  conccntrations up  to 
by mannose. Other compounds testcd, including glyc- 
erol, fructose, lactose, starch, and galactose, are  much 
lcss active in reversing the sorbosc effect, although 
they are  used by Neurospora as carbon sourars. 

The paramorphogenic activity of sorbose for  both 
Neurospora and Sylzcephalastrum is cvidencc against 
a direct rclation of surface activity to colonial para- 
morphogenic activity in all cases. This vicw is also 
supported by the additional findings that paramorpho- 
genie activity of surface-active agcnts is limited to 
certain anionic compounds. Each of the compounds 
listed below has a surface tension activity between 25 
and 40 dynes per cm for  a one-percent solution (6) ; 
yet their paramorphogenic activities vary both quanti- 
tatively and qualitatively. Of the anionic agcnts, WITH 0.1 % SUCROSE 

sodium lauryl sulfate and aerosol OT (dioctyl sodium 
sulfosuceinate) produced colonial paramorphs a t  con- 
centrations comparable to effective concentrations of SORBUSE COIVCENTRATION -PERCL'NT 

Tergitol 7 and sodium desoxycholate, whereas sodium Fro. 1. Effect of sucrose on the  paramorphogenic activity 
of sorbose on N. crassa. Line:lr growth ra tes  determined a t  

oleatc was The cationic surface-activc agents 25' C in growth tubes. Note differences in growtlr ra te  on 
tested, Roccal (alkyl-dimethyl-benzyl-ammonium chlo- t ~ olevels of sncroscx 
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one percent, and was inactive as a paramorphogen. 
There is no evidence that inositol is directly involved 
in the paramorphogenic activities of the other chem- 
icals, since high concentrations of inositol have no 
effect on paramorphogenesis by sodium desoxycholate, 
Tergitol, or sorbose with Neurospora, or  on that by 
desoxycholate with Syncephalastruw~. Furthermore, 
bio-assays of Neurospora mycelium grown in the pres- 
ence of Tergitol 7, or of sorbose, showed no significant 
variations from the normal inositol content. I n  ad- 
dition, sorbose has no significant effect on the require- 
ment of the inositolless mutant f o r  inositol. These 
findings suggest that the paramorphogenic agents 
tested do not influence either inositol utilization or 
inositol synthesis by Neurospora or  S;jncephalastrum. 

I n  addition to theoretical considerations, the use of 
paramorphogens provides a new and valuable tool f o r  
handling many colonies on microbiological plating 
media. Sorbose has been selected as  the standard 
colonial paramorphogen, because colonies on sorbose 
show no tendency to form extensive aerial mycelia, 
and because, in comparison with the other compounds, 
the effective concentration range of sorbose is  wide, 
and survival is significantly better. Media containing 
0.8 percent sorbose and 0.1 percent sucrose or 0.2 per- 
cent sorbose and 1.0 percent glycerol have been used 
effectively. The value of the sorbose technique in mu- 

tation studies has been demonstrated, using a strain of 
Neurospora which has a wild-type growth rate and 
which produces exclusively uninucleate microconidia 
( I ) .  Microconidia were treated with X-rays (20,000 
r )  and plated directly into complete medium contain- 
ing sorbose. Nineteen hundred colonies arising from 
the treated microconidia were isolated and examined 
for  rnutants; 24.2 percent morphological variants and 
3.1 percent biochemical mutants were recovered, with 
considerably less labor than is required by other tech- 
niques. I n  ,500 control isolates 0.2 percent morpho- 
logical and no biochemical mutants were recovered. 
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N E  OE' T H E  PRlME GOALS of studies in- 
volving metabolic inhibitors has been the dis- 
covery of useful chemotherapeutic agents 

which could be directed against invading organisms 
of man. Accordingly, if tests on bacteria in vitro 
seemed promising the compound was subjected to 
tests on the same microorganisnls and others in vivo. 

1 Aided by a grant from the Williams-IVtrterman fruid for 
the Combat of Dietary Diseases, a grant recommended by 
the Committee on Growth acting for the American Cancer 
Society, and a grant from the American Cancer Society 
(Massachusetts Division). The authors wish to acknowledge 
the valuable aid given them by Philip S. Thayer, Charles S. 
Iceevil, Jr a ~ t l  Howard E. Snlliva~r, all of Amlrerst College. 

When metabolic inhibitors which blocked reactions 
peculiar to the invader but not to the host were dis- 
covered (e.g. sulfonamides f o r  p-aminobenzoic acid), 
then useful treatment resulted. Following these 
initial findings (6, la), a long list of compounds have 
been tailored to inhibit many natural metabolites, and 
great strides have been made toward an understand- 
ing of competitive inhibition of specific enzymes by 
antimetabolites (19). 

While certain encouraging reports have appeared 
in the literature concerning the retardation of the 
growth of neoplastic tissue following the injection of 
folic acid antagonists (5, 1.5, 17) ,  nitrogen mustards 


