
IULII  pdLLelr lb ,  thls t~dnsformdtion take 
place within relatively late phases of leaf 
development. If there rises only one sec- 
ond epidermis, it will contain typical 
stomata and typical mother cells of 
hairs. I n  the interior of the leaf, how- 
ever, these hairs do not develop further. 
In  some cases this second epidermis is 
situated immediately below the normal 
one; in other cases it lines the much en- 
larged air chambers (Fig. 3b) .  In the 
first instance, the stomata of neither epi- 
dermis function. In  the second case, the 
guard cells of the inner epidermis are 
lifted up under the influence of the high 
air moisture within the leaf. In most pat- 
terns with a double epidermis, one of the 
chlorenchyma layers is missing. 

I n  some cases most layers of the 
spongy parenchyma have lost their nor- 
mal chloroplasts and have changed into 
an epidermal tissue with intercellular 
spaces. Stomata were formed at the 
boundary between this and thp normally 
green parenchyma amid the leaf (Fig. 
3c) .  Other similar transformations of 
palisade parenchyma cannot be identi- 
fied quite exactly as epidermal tissue be- 
cause stomata are missing in them. 

In the third type of "rhytidiophyllum" 
the following fact is of greatest interest: 
a 	 plasmonic alteration, which can be 
proved as such, does not produce dis-
turbances of normal development as in 
other cases of cytoplasmic inheritance, 
but a change of determination takes 
place. A meristematic tissue that should 
form chlorenchymatic cells devclops in- 
stead into eaidermal cells. This determi- 
nation process differs from the normal 
formation of dermatogen only by the 
atypical moment of realization and by 
its abnormal localization. This differ-
ence, however, is caused by the time and 
locality of cytoplasmic segregation. If 
we start from the well-founded opinion 
that plasmonic segregation is produced 
by an unequal distribution of plasma-
genes, we then logically arrive at thc 
further conclusion that similar proceed- 
ings take place during the detcrminatiox: 
of 	 the typical dermatogen as well, and 
that plasmagenes are distributed irrcgu- 
larly during the first cell divisions of the 
embryo ( 4 ) ,in which root and shoot and 
later on the layers of differentiated tis-
sues are preformed. 

Of course, cytoplasmic inheritance, as 
taking part in the processes of detcrml- 
nation, is very difficult to prove by cross- 
ing experiments, and in many cases th~q 
task is impossible to solve at all. The 
aforementioned observations, however, 
show that the hypothesis of the sign~h- 
cance of plasmagenes for determination 
possesses a high degree of probabiiitv. 
This hypothesis can be proved exactlv 
by a more detailed investigation of the 
behavior of cytoplasm and its inheritance 
during ontogeny. One then ~vill haw In 
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lake I I ~ L U;IC.CUUIIL thar an nrlalysis of ill-

traindividual patterns is of the same im- 
portance for cytoplasmic inheritance as 
is an analysis of segregating crossings for 
chromosomal inheritance. Moreover, one 
should not forget that the fundamental 
principle of heredity means the identicai 
reproduction and passing on of all genes 
during vegetative as well as during gen- 
erative reproduction. 

1'. 	 MICHAELIS 
F. RARTELS 

Max-Planck-Inst i tut  
fur Z u c h t u n g ~ f o r s c h u n ~ .  
Kiiln-Vogelsang, Germany  
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Role of Fumarate in Formation 
of Strornata in "Vernalized" 
Ergot Fungus 

I t  is well known that, for germination 
of 	 Claviceps purpurea, an exposure of 
several weeks to cold, followed by a short 
period of exposure at higher tempera- 
ture, is necessary. According to Kirch-
hoff ( I ) ,  who studied this question in 
detail, the effect of cold seems to be 
similar to that of the vernalization of 
seeds. In studies of the respiration of 
germinating sclerotia and fully devel-
oped stromata of ergot of rye, I have 
found that fumarate plays a special role 
in this process. 

The test ergot strain was Hungarian 
12. An exposure to O 0  to 3OC during 6 

weeks was effective, causing 65 to 70 per- 

cent of the sclerotia to germinate after 

3 weeks at  20°C on a double layer of 

wet filter paper in petri dishes. The 

sclerotia that had been treated as de-

scribed were vacuum infiltrated for 1 

hour with distilled water (control) or 

mith 2 x 10 2;24 fumarate under 20 to 30 

mm-I-Ig pressure. Infiltration with water 

does not influence the development of 

stromata, while infiltration with fuma-

rate entirely inhibits the germination. 

This inhibition can be overcome to some 

extent by infiltration with 2 x 1 W M  suc-

cinate. Succinate by itself has no effect 

on germination. 


In  order to gain a deeper insight into 
this question, conventional Warburg res- 
pirometers were used for the estimation 
of oxygen absorption (Qo,) of the sclero- 
tia and stromata that had been infiltrated 
with the variol~s compounds described 

'1able 1. Effect of furnarate and succinate 
on the respiration of sclerotia and stro-
mata of ergot fungus. 

Infiltration Sclerotia 
- --- Stro-

Con- Cold mats 
trol treated 
--- 

Distilled water 25 27 346 
Fumarate 
(2x 10"M) 

Succinate 
( 2  x 1 0 - M )  

Fumarate t 
succinare 

in Table 1 .  Measurements were carried 
out on four occasions in triplicate. As 
shown in Table 1, the fumarate does not 
inhibit the respiration of sclerotia, while 
the oxygen consumption of stromata was 
strongly affected by it. Succinate added 
in concentrations equal to those of the 
fumarate is able to renew oxygen up-
take to a considerable degree. 

A consideration of these results has 
led to the following tentative conclusions 
and working hypothesis. The respiration 
of stromata follows a different pathway 
from that of the sclerotia. An explana- 
tion could be given for the inhibitory 
effect of fumarate on germination by the 
fact that, in the presence of fumarate, 
the respiration of stromata is inhibited. 
On the basis of the compensatory effect 
of succinate, it may be assumed that an 
unknown acid metabolism plays an im- 
portant role in the organization of the 
stromata of ergot fungus. This is in agree- 
ment with the work of Cantino (21, who 
studied the relations hi^ between cellular 
metabolism and morphogenesis in Rlus-
tocladiella emersonii. 

A. ST.GARAY* 
Research l~zs t i tu te  for Medicinal  
Plants, Budapest, Hungary 
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Conditioned Inhibition of 
Respiration and Heart Rate 
in the Goldfish 

Conditioned inhibition of breathing 
rate and heart rate has been reported for 
various mammalian species, including 
man ( I ) .  Typically, the termination of 
a light, sound, or some other conditioned 
stimulus (CS)  is repeatedly associated 
with noxious electric stimlllation of some 
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I t  has been our cxperiencc that gold- 
fish will show the conditioning effects 
illustrated in Fig. 1 within 15 to 40 trials, 
spaced from 1 to 2 minutes apart. Of the 
30 fish conditioned, 16 showed markcd 
inhibition of breathing within 20 trials, 
tivc within 30 trials, three within 40 
trials, and six failed to condition reliably 
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to bc a mattcr of pseudoconditioning or 
-I wnsitization. Breathing fails to bc in-

hibited by noise or by tactual stimulation 
after conditioning, and animals fail to 
sho~v  inhibition of respiration at  CS  on- 
set after backward conditioni~ig ( that  is, 
shock presented first, followcd by the 
C S )  . Also, the reconditioning record of 

1.1 indicates that extinction 
~ ~ ~ ~ ' dJ\ b ' d b ~ ~fllnS~'J\/,u ) p \ J ~ ~ \ i  Fig. 	 was'1J ~'4,-

not caused by fatigue, ataxia, and thc 
like. 

T h e  technique which we havc de-
cribed is a convenient, quantitativcl 
mrthod for studying the conditioning 
and retention of brrathing and heart-rate 
inhibitioll in the goldfish-a readily ac-
c:rssible, inexpensive, and easily main-
tainrd species. Preliminary studies sug- 
gest that the mrthod rnay have general 
application as a scrrenillg device for test- 
illg the effrcts of drugs on unconditioned 
breathing rate and heart rate and on 
learned emotional responses that involvc 
these rnrasures ( 6 ) .  T h e  method, of 
coursr, is also suitable for brhavioral 
studirs involvillg the acquisition, r e tm-
tion, and extinction of learned responses 
in fish. 

Lxox S. O .~ IS '~ '  
,JEAN A. C E R F ~  

GAKTHJ. TITO~IAS 
Scuropsychiatric Institute, 
Cnicersit~,  of Illinois, College 
of Medicine, Chicago 
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Fig. 1.1. Effect on breathing ratr of light alone during preconditioning trials ( A )  ; of 
light paired with shock during conditioning trials (B,  C )  : of light alone during extinction 
trials (D-F) ; and of light pairrd with shock d u r i n ~  reconditioning trials (G-I).  CR 
denotes conditioned responsr to light onset, and UCR denotes unconditioned response 
to shock. Fig. 1.2 (another fish). Effect on breathing and heart rate of light alonr ( J )  
and of light paired with shock (K: L ) .  X denotcs rrcording artifacts. Note that both 
frequency and amplitudr of the EKG diminish during presentation of the CS ( L ) .  The 
EKG was recorded with a small time constant of amplification in order to avoid drift. 

portion of thr  organism's anatomy. After 
sufficirnt pairiqgs of the CS  and shock, 
the CS  acquires the porvrr to elicit a 
slowinlr of thr  heart ratt: or inhibitrcl u 

rrspiration, or both, as a conditioned r r -  
sponsc The  conditioned inhibition dis-
appears ( that  is, is rxtinguishrd) ~v i th  
successive prrsentations of the C S  in the 
absrncc of continued shock rrinforce-
nlent. 

Although this has been amply drmon- 
strated in higher forms, little evidence of 
this sort of conditioning exists for poi- 
kilotherms ( 2 ) .  The  purposr of this re- 
port is to dernonstratr similar breathing 
and heart-rate conditioning effects ill 
goldfish (Carassius auraius) and to sug- 
gest sonic applications of the condition- 
ing rnethod that we have employed. 

I n  our c.xprrinients ( 3 ) ,a fish rvas im- 
rnobilizrd in a sprcial clamp (which left 
the h rad  and operculi f r r r )  and rvas sub- 
merged in a small, rvater-filled tank that 
rvas painted flat black. Two  sheets of 
;iluminurn foil, placrd along oppositc 
\ides of thc tank, srrved as electrodes. 
Shock Jvas dclivercd through the \vatc2r 
( and  the fish) by di~charging, through 
the c-lcctrodc';. a O.:?- to 1 .O-pf con-
densrr, chargrd at  45 v ( 4 ) .  'The shock 
ot-currcd simultaneously \\,it11 the ter-
111i!i:iti011 of rile C S ,  \\liich consisted of 
a 3- to 7-sec duration challgr in illurni- 
nation through the milk-glass bottom of 
the tank. T ~ v o  6-v lamps (one a t  each 
c.nd of the tank) \yere illurninatrd dur- 
irlg the CS intrrval. 'Thc srquencc of 

light-follo~ved-by-shock was automati-
cally tirned (Hun t r r  intrrval t inier) .  

Respiratory movements Lvcrc niechani- 
cally transmitted (by means of a lrvcr 
arm that rested against onr  operculurn j 
to a thin shcet of flrxiblr strel (1.5 in. 
by 3 in.) upon rvhich four strain gages 
rvrrr mounted and wired to form :r 
Whratstone bridge. T h e  lever arm rvas 
soldered to the free end of the flexible 
steel. Oprrcular rnovernents werr trans-
lated into proportional direct-current 
1,oltages across thr  bridge, ~vhich was 
supplird by a 3-v battery. Potential 
changes were amplifird and recorded 011 

one channcl of a Grass standard inli-
~vriter;  thr  largrst time constant avail-
able was used to prevent distortion of 
the tracings. I n  some of the experiments, 
leads from thin sterl needles introduced 
in the region of the hrart  Lvere coupled 
to another challnel of t h r  ink~vriter for 
rrcording the EKG. A signal marker rc- 
corded onset and termination of thc CS. 
Each subject was permitted frorn 10 to 
30 minutrs' adaptation in the tank ( t h a ~  
is, until breathing ratr  had become rrgu- 
lar )  before each experimrnt was startcd. 

Figurr 1 shorvs typical results. Figurr 
1.1 prrsents recordings from a fish ill 
~vh ich  respiratory inhibition \\-as fir\t 
conditioned, then cstinguishrd (by non-
rrinforced prrsrntation of thc C S ) ,  and 
then rrconditioned. Figure 1.2 sholvs the 
record of another fish in ~vh ich  inhibitioll 
of heart ratr ,  as rvell as respiration, usas 
conditioned. 


