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HABEL 22, T~JNDURY ~3 and others that  in these cases 
damage to the embryo is brought about by  viral in- 
vasion and destruction of certain embryonic organs 
and tissues, it is difficult to conceive of any common 
developmental denominator between these events and 
comparable end-effects of mutan t  conditions, even if 
the latter should come about by  cellular destruction 
and resorption. The same applies a ]ortiori to the re- 
sults of destruction by  surgery or X-rays of circums- 
cribed embryonic areas. A more complex situation 
exists in the case of sex reversal of female fowl, to 
which NACHTSHEIM 24 has referred as phenocopics of 
males. As after viral infection, the pr imary event is the 
destruction of an organ (the ovary) by  a process 
(tubercular infection or malignancy) which has no 
equivalent in genetic conditions, but the physiological 
events which are initiated thereby are those deter- 
mined by  the residual genetic constitution. 

The question whether the reactions of organisms to 
external insults are, however indirectly, governed by  
their genetic constitution was not an issue in our dis- 
cussion. That  is an evident fact, based on the inse- 
parabili ty of action and reaction as a consequence of 
evolutionary integration. The question at issue was 
whether it is justified to use the term phenocopy with 
the implication that  external sources of modification 
and genes with similar phenotypic expression reach 
their goals by  developmental routes Which are, at least 
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in part,  identical. I t  has been shown that  a considerable 
amount  of genetic evidence is available in support  of 
this conclusion. I t  should be recognized that  in any 
specific situation the phenocopy concept must  remain 
shadowy until its relevancy is clearly established. 

There is no proof that  external sources of develop- 
mental  variation ever produce their results by  inter- 
ference with pr imary gene flmctions. I t  would be a 
mistak? to interpret the phenocopy concept in this 
manner, and any expectations based on such implica- 
tions wilt surely prove illusory. Again, mere similarity 
between the end-results of mutan t  action and of those 
produced by  external agencies is not enough to make 
the phenocopy concept meaningful to geneticists. But 
if we accept the concept in its restricted meaning, viz. 
as designating identical or closely similar phenotypes 
reached by  paths which, part  of the way, are shared 
with those of the homologous mutants,  then existing 
evidence validates its r~ality, and in this sense work 
on phenocopies may  become a valuable tool in our 
search for some of the developmental mechanisms by  
which mutan t  genes produce their phenotypic  effects. 

Zusammen[assung 

Verfasser bespricht den Begriff PhXnokopie und dessert 
Grenzen. Er kommt zum Schluss, dieser Begriff sei niitz- 
lich, sofern er sich auf experimentell produzierte Ph~ino- 
kopien bezieht, die mit den Erbph~notypen identisch oder 
ihnen sehr Ahnlich sind und deren Entwicklungsgang zum 
mindesten teilweise mit demjenigen homologer Mutanten 
fibereinstimmt. 
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l~ber die O r i e n t i e r u n g  bei  der  K o n d e n s a t i o n  von  
B e n z i l  m i t  m o n o s u b s t i t u i e r t e n  Gu an id in en  1 

Bekanntlich l~isst sich die alte Biltzsche Synthese 3 yon 
5,5-Diaryl-hydantoinen und -2-thiohydantoinen aus Ben- 
zilen und Harnstoff bzw. Thioharnstoff in Gegenwart yon 
Alkalien auch auf die Synthese yon 5,5-Diaryl-glyko- 
cyamidinen (I, R = R '  = H) anwenden, wenn Harnstoff 

1 5. Mit te i lung fiber Hydanto ine ,  Th iohydan to ine  und  Glykocy-  
amidine  2. 
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bzw. Thioharnstoff durch Guanidin ersetzt wird 4. Der 
einzige bisher ausgeffihrte Versuch zur 13bertragung 
dieser Kondensation auf substi tuierte Guanidine, wie 1, 3- 
Diphenyl-guanidin*, blieb erfolglos; ebenso der Versuch 
der analogen Kondensation des N-Butylguanidins mit 
Glyoxal 6. 

Wir kondensierten Benzil mit zwei monosubstituierten 
Guanidinen, dem N-Benzyl- sowie dem N-(fl-Morpholino- 
~ithyl)-guanidin durch I(ochen der alkoholischen LSsung 
in Gegenwart von Kaliumhydroxyd. Bei Verwendung yon 
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50 Mol% K O H  e rh ie l t en  wir  in  einer  Ausbeu te  von  60  bis 
70% 2-Benzy l imino-4 ,4 -d ipheny l - imidazo l id in -5 -on  (Ia ,  
weisse Nade ln ,  Stop. v u n d  Miseh-Smp.  rni t  a u t h e n t i s c h e m  
Pr~LparatS: 240-241°C),  bzw. 2-f l-Morpholinoii thylimino- 
4 ,4 -d ipheny l - imidazo l id in -5 -on  ( Ib ,  weisse Nadeln,  Stop. 
und  Misch -Smp.  m i t  a u t h e n t i s c h e m  Pr i ipara tg :  194 bis 
195°C). I n  S t e l lung  3 subs t i t u i e r t e  I someren  (Ic bzw. d) 
k o n n t e n  im R e a k t i o n s p r o d u k t  n ich t  aufgefunden  werden.  

(C6H5) 2 C CO 
I i a :  R=H,  R'=C~HsCH 2- 

H N . . , C / N - R  b: R = H ,  R'=OCIHsN-C2H 4- 
It c: R=C6HsCH2-, R ' = H  

I N-R"  d: R=OC4HsN-C2HI-, R ' = H  

VVurde j edoeh  die Menge  des  e ingese tz ten  Kal ium-  
h y d r o x i d s  au f  10 M o l %  ver r inger t ,  so e rh ie l ten  wir  im 
Falle des  B e n z y l g u a n i d i n s  als R e a k t i o n s p r o d u k t  ein Ge- 
misch,  aus  we lchem d u r e h  C h r o m a t o g r a p h i c  an  Brock- 
m a n n s c h e m  A l u m i n i u m o x y d  neben  20% d. Th, I a  45°/0 
d. Th.  des  i someren  3-Benzyl -5 ,5-d iphenyl -g lykocyami-  
dins (Ic, weisse P1/ i t tchen,  Smp.  und  Misch-Smp,  m i t  
a u t h e n t i s c h e m  P r ~ p a r a t S :  164-166°C) | so l | e f t  werden 
konn ten .  I m  Fal le  des N-f l -Morphol inoi i thyl-guanidins  
wurde  d u r c h  e infache  Kr i s ta l l i sa t ion  des Reakt ions-  
p r o d u k t e s  da s  3-f l -Morphol inoSthyl-5 ,5-diphenyl-glyko-  
cyamid in  (Id ,  weisse P r i smen ,  Smp.  und  Misch-Smp.  m i t  
a u t h e n t i s c h e m  P r / i p a r a t  ~o: 198-199 ° C) in ether Ausbeu te  
yon  6 0 %  e r h a l t e n ;  das  isomere  I b liess sich im Reak t ions -  
p r o d u k t  n i c h t  auf f inden .  I n  Abwesenheit yon  Kal ium-  
h y d r o x i d  k o n n t e n  59% Ic,  h ingegen  kein I a  isoliert  wer- 
den. Fi i r  die K o n d e n s a t i o n  yon  Benzi l  mi t  Guan id inen  
zu G l y k o c y a m i d i n e n  | s t  also die Ve rwendung  eines be- 
sonderen  a lka l i s chen  K o n d e n s a t i o n s m i t t e l s  n ich t  | t a m e r  
no twendig .  

Da,  wie aus  besonde r s  anges te l l t en  Versuchen  hervor-  
geht ,  I c  b e i m  K o c h e n  seiner  a lkohol ischen L6sung in 
G e g e n w a r t  v o n  1t~ Mol K a t i u m h y d r o x i d  teilweise zu I a 
u m g e l a g e r t  wird,  k a n n  de r  Einf luss  des Ka l iumhydr -  
oxids  an f  die O r i e n t a t i o n  bei  de r  Kondensa t i on  viel- 
le icht  d u r c h  die A n n a h m e  e iner  nachtrh'glichen Umlage-  
rung  de r  p r im/ i r  s t e t s  geb i lde ten  3-subs t i tu ie r ten  5,5- 
D i p h e n y l - g l y k o c y a m i d i n e  d u t c h  das  Ka l i umhydrox id  in 
die e n t s p r e c h e n d e n  2-(subst .  Imino) -4 ,4 -d iphenyl - imida-  
zol idin-5-one erkl / i r t  werden .  
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Summary  

C o n d e n s a t i o n  of benzi l  w i th  two m o n o s u b s t i t u t e d  
guan id ines  in  t h e  p resence  of 50 tool% of po tass ium 
hyd rox ide  leads  to  t he  f o r m a t i o n  of 2-(subst,  imino)-4,4-  
d ipheny l - imidazo l id in -5 -ones  ( Ia ,  b ) ; b y  reduc t ion  of the  
po t a s s ium h y d r o x i d e  used t he  fo rma t ion  of these  pro- 
ducts  is more  or  less d r i v e n  b a c k  in f avour  of the  fo rmat ion  
of 3 - s u b s t i t u t e d  5 ,5 -d ipheny l -g lycocyamid ines  (Ic, d). A 
possible e x p l a n a t i o n  for these  o r i en ta t ion  p h e n o m e n a  is 
given. 

7 AUe Schmelzpunkte unkorrigiert. 
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E f f e c t  o f  M g  ++ 

on  t h e  R e a c t i v i t y  o f  R t b o n u c l e i c  A c i d  t 

On the  basis  of s p ec t ro p h o t o me t r i c ,  op t ica l  r o t a t i on ,  
an d  s e d i m e n t a t i o n  d a t a  HASCU~MEYER et at3 h a v e  con-  
c luded t h a t  tobacco  mosaic  v i rus  nucleic acid (TMV-RNA)  
m a y  exis t  in two forms showing  a r a n d o m  coil conf igura-  
t ion in w a t e r  and  a more  s t r u c t u r e d  con f igu ra t ion  in the  
presence of salts.  One of the  mos t  cha rac t e r i s t i c  fea tu res  
of the  l a t t e r  is its m a r k e d l y  lower u l t r av io l e t  a b s o r p t i o n  
(hypochromic i ty ) .  Sal t  d e p e n d e n t  changes  in conf igura-  
t ion  accompan ied  by  a decrease  in u l t r av i o l e t  a b s o r p t i o n  
have  also been  found in s y n t h e t i c  po ly r ibonuc leo t ides  s.4, 
a n d  are  bel ieved to  be b r o u g h t  a l x m t  b y  pu r ine  py r imi -  
dine hydrogen  b o n d s  s imi la r  to  those  in I )NA 5.6. I f  a 
s imi lar  b o n d i n g  occur red  in r ibonucle ic  acid t h e  c h a n g e  
in conf igura t ion  coukl  well be  ref lected in the  r e a c t i v i t y  
of the  bases  which  m i g h t  become u n r e a c t i v e  in the  hy-  
drogen bonded  s ta te ,  l "u r the rmore ,  the  q u a n t i t a t i v e  de-  
t e rmi n a t i o n  of the  e x t e n t  to  which  the  bases  become  un-  
reac t ive  would seem i m p o r t a n t  for a closer u n d e r s t a n d i n g  
of the  changes  which  t ake  place in the  con f igu ra t i on  
of RNA.  

7"able I 
Formaldehyde binding and hypoehromic effect at various ratios of 

MgCl I to RNA-phosphorus 

Mg ++ 

RNA-P 

0 (no Mg) 
0.0O03 
0.03 
0.3 
3 

Fnrnialdehyde hound 
RNA-Amino gmups 

0'95 
0.99 
0.97 
0.50 
0.36 

It ypoehrnmic Fffect* 
de '260 nq* 

- 3,5% 
- 1 3 . 5 %  
- 14.5% 

* The hypochromic effect was deternfined by adding (bl ml of 
various MgCI a sohltiolls tO I)'9 till Of a TMV-RNA solution. 

O.5 lllg of TMV-RNA was incubated with 0.1% formaldehyde C ti 
(containing 8511 c,p,m,/[/.M) at rooill temperature {'2q°C) for .18 h. 
Total wflmne 0'5 nil. The samples were then cooled and the nucleid 
acid precipitated with ~ vnl. of cohl alcohol and a drop of 3 M am- 
lnoniuln acetate pit 5.0, The sedinlent was taken tip ill 0"3 nil of 
icecold water aild reprecipitated 5 times to remove all unbound 
formaklehyde. Care was taken to keep the temperature always at 
or below 0°C. Of the final solution of 0"3 lid ill water (I.2 mt were 
placed in a counting disll ancl dried in vacuo, and 0.005 nil were 
diluted to 1 ml and used for tile determination of the absorbance at 

~2(iO ll|[J.. 

F o r m a l d e h y d e  was shown  in a n  ear l ier  r e p o r t  ~ to  r e a c t  
w i th  the  amino  groups  of the  bases  of RNA.  T h e  e x t e n t  
to which  the  reac t ion  occurs  in the  presence  a n d  absence  
of Mg ++ was therefore  s tud ied  (Table  1), a n d  i t  b e c a m e  
ev iden t  t h a t  less f o rma l d eh y d e  was b o u n d  b y  t h e  s t ruc-  
tu red  t h a n  b y  the  r a n d o m  coil form. HASCHEMEVER el al. 
have  found t h a t  the  Mg ++ c o n c e n t r a t i o n  a t  wh ich  the  
change  to t h e  more  s t r u c t u r e d  form of R N A  takes  place 

x Aided by a grant front The Nati~mal Foundation. 
2 R. HASClIEMEYER, B. SlNGER~ and H. tTRAI':NKEL-CONRAT, Proc. 

nat. Acad. Sci., Wash. ill press. 
3 R.C. WARNER, J. biol. Chem. 229, 71 l (1957). 
¢ G. lZlr-LSENFIF.LD, l). 1¢.. DAVIES, and A. Rtcu, J. Amer. clmm. 

Soc. 79, '20'23 (1957). 
A. l,llcll and D. R, DAvw.s, J. Amer. chem. Soc, 7S, 35.t8 (1956). 

e j .  D. WATSON and F. tt. C. CRICK, Cokl Spring Harbor Sym- 
posia quant. Biol. XVllI (1:)53). 

7 31. STAEIIEL1N, lliochenl, biophys. Acta 2..',9, .ll0 (1958). 


