
-- - -- -- - - 

-- -- --- 

x 

7. 	 I<. J. Anttreiler, Kolloid-Z. 115, 130 (1949). 
8. 	 K .  Inoue, work recently completed in Japan. 
9. 	 J. R .  Preer, J. Immzrnol. 77, 53 (1956); J. 


Oudin, Methods i?a Med.  Research 5 ,  335 

(1952). 


10. 	 R .  A. Flickinger and D. E. Rounds, Biociti7x. 
et Biofiliys. Actn 22, 38 (1956); P. R .  Gross 
and L.I. Gilbert, Tra~ls .  N.1'. Acad. Sci. Ser. 
11 19, 108 (1956); 0. A. Srhjeide, E. Levi, R. 
A. Flickinger, G?owth 19, 297 (19.55). 

11. 	 S. Xass, Tlans.  .?T.I'. Acad. Sci. Ser. I1 19, 
118 (1956). 

12. 	 R. A. Flickinger, J .  Exptl. Zool. 131, 307 
l l q 5 6 \,.\.---

On leave l r o ~ n  the Pathology Department. 
hfedical School, Kanarawa University, and 
from Kanazawa Women's College, Kanarawa, 
Japan. 

16 April 1957 

Thermal Protection of Choline 
Chloride from Decomposition by 
Ionizing Radiation 

Changes produced by ionizillg radia- 
tions in target materials-for example, 
polymerization of vinyl monomers (1; 
and inactivation of enzymes (2)-are in 
general enhanced by temperature eleva- 
tion. I t  appears, however, that cholinc 
chloride, .ivhich a t  room temperature i\: 
one of the most radiosensitive organic 
solids kno~vn ( 3 ) ,  becomes markedly ra- 
diation-resistant a t  150°'C. 

Studies have been carried out a t  our 
laboratory ( 4 )  on the effects of ionizing 
radiation on nerve tissue constituents, ill- 
cluding the cholinesterase system ( 5 ) .  
Choline, a substance essential to nerve 
conduction, has been sho\\m (3) to dc- 
compose by a free radical chain mecha- 
nism to trimethylamine and acetalde-
hyde \\?hen it is subjected to ionizing 
radiation as thc pure crystalline chloridc. 
\Yhen cxposcd a t  room temperature to 
2-Mev electrons, Coe0 y-rays, or C" 
(3-rays, the G values-that is, the number 
of molecules decomposed per 100 ev- 
ctcre 20, 175, and 1250 respectively; at 
- 196OC the compound \\,as stable. 

I11 an attempt to determine thc energ-)- 
of activation of the radiation dccomposi- 
tion of choline chloride, thc crystallinc 
compound \vas exposed to Co"O y-rays 
a t  room tcmpcrature, 50°C, and 150°C. 
At cach tempcraturc, three Pyrex am-
pules of twice recrystallizcd choline chlo- 
ride, dricd under vacuum and nitrogen 
a t  1 10°C for 2 hours and vacuum sealcd, 
\\?ere exposed to the radiation for vary- 
ing periods of time. Three Co'jU sourcccs 
cverc used, two of .ivhich (delivering 
232,000 and 792,000 rrp/hr j \vtlrc maiii- 
tained a t  room temperature; thc thirtl 
(572,000 rcp/hr) had a norlnal opcrai- 
ing- temprraturc of 50°C and \\,;I\ 

cquippcd with a furnace for higher tcnl- 
peraturcs. T h e  pcrccntag-c of remaining 
choline in cach of the irradiatcd sample., 
and its control \vas determincd by thr 
rcineckate method ( 6 ) .  T h e  G valucs, 
which are listed in Table 1 ,  wrrc thcn 
calculated for each run fro111 thc 01,-

tailled semilogarithlnic relationship bc- 
tween thr percentage of rcmaining cho- 
line and the radiation dose in reo. 

Decreasillg the radiation dose rate or 
increasing the temperature from 20' to 
50°C resulted in higher yields of decom- 
position. Ho~revcr,  at 150°, rcgardless of 
the radiation exposure (4.6 to 13.7 x 101j 
rep) only 9 to 13 percent of the cholinc 
decomposed. T h e  nonirradiatcd control, 
\vhich \\.as also kept at 150°C, did not 
change in appearance. T h e  irradiated 
samples, ho~iever,  became bro~vn, and a 
small amount of insoluble material 
formed. 

In view of these changcs, it was neces- 
sary to drtermine ~vhether more than one 
compound was responsible for the very 
hig-h choline recovery as indicated by the 
reineckate analvses. Cholinemethvl-C1" 
chloride was synthesized ( 3 )  and recrys- 
tallized twice. T h e  product had a spe-
cific activity of 66.5 ml~c /mg of choline 
chloride ( 7 )  (calculated, 62.5 m l ~ c / m g ) .  
I t  was sho~\,n to be chromatographically 
pure (Whatman No. 1 paper and 4 / l / l  
n-butanol, concentrated HC1, and Tvater, 
follo~\,ed by autorac'.ios~aphy). T h e  la- 
belrd choline was irradiated a t  150°C ill 
the same manner as the nonlabeled ma-
terial. Once again, some brown and in- 
soluble substances were formed. 

Analysis of the soluble material by the 
reineckate procedure indicated that the 
choline recoveries follo~ving exposure to 
1.4, 2.8, and 3.7 x 10' rep \\.ere 94, 94, 
and 93 percent, respectively ( 8 ) .  Solu-
tions of the sample which had been irra- 
diated for 64.5 hours at 150°C, and of 
the labeled control, which also had been 
held a t  150°C for the same length of 
time, were chromatographcd for 23 
hours. Illcluded on the s a m ~  chromato-
qram npre  s a m p l ~ s  of C1 $-labclcd tri- 
mcthylamlnc and nonhcatpd, nonirradi- 
atcd. labcled cholinc. T h e  hcatcd and 
nonheated control samples sho\\jed a sin- 
gle spot only. T h e  irradiatcd sample ac- 
tivity \\,as predominantly at the samt. 
I?, 	as the choline controls ~v i th  only a 
fa'int trace (about 1 percent) a t  a slightly 
hig-hcr I<,. Apparently, therefore, no CL-'-
labeled compound other than cholinc 
had ~ontr ibuted to the color developed 
in the analytic procedure. 

I t  might be assumed that the brown, 
irradiation-induced materials had acted 
as 	 inhibitors of the frcc radical chai11 
degradation of the remaining cholinc. If 
this \\?ere the case, onc ~vould expect 
that this type of inhibition should havi. 
heen cvidcnt not only a t  15(I0C but also, 
to sornr dog-rcc, a t  lo~vcr tempcrattrres. 

Lemmon ( 3 )  has suggested that tht, 
spatial arrangement of atoms of crystal- 
line choline chloridc may play an  im-
portant role in thc frcc radical chain 
degradation. Onc might speculate that 
thcrmal cxcitation at 150°C ( in  contrast 
to that a t  IOTYPI. tcmprraturrs or to the. 

Table 1. Effect of temperature and dose 
rate on Coo' y-ray decomposition of cho- 
line. 

Temp. Dose 
CoGo of causing G 

source irradi- 50% values 
(rep/hr) dtlon decompn 

( " C )  (reps)
-

792,000 18-20 2.9 x 10' 143 
232,000 20-25 1 0 X loF 415 
572.000 50 0.8 x 10- 520 

572,000 150 


\ Regaldle\\ of the dose-that IS, florn 0 5 to 
3 7 x 10' rep -approuimatel) onl) 10 pelcent of 
the chohne deromposed 

excitation duc to ionizing radiation pcxr 
se) can disturb the arrangement sufi-
ciently to prevent the chain reaction. 
Further studies, therefore, may help to 
determine the relationship of crystallint. 
structure to free radical chain reactions 
in solids, as \\jell as to establish the usc 
of elevated temperatures to protect somc: 
labile materials durillg irradiation. 

I .  SERLIN* 
Medical I lcpartment,  
Brookhauen ~\iational Laboratory, 
C'pton, N e w  Y o ~ k  

References and Notes 

1. 	 D. S. Ballantine and B. hfanowitv, Brooklraue~t 

Natl. Lab. No. 229 (T-95) (hfarch 1953). 


2. 	 E. C. Pollard, Adilances ill Riol. and i t fed.  

I'liys. 3, 153 (1953). 


3. 	 R. hi. Lemmon, hf. A. Parsons, D.  51. Chin, 
J .  A m .  C l i e ~ n .  Soc. 77, 4139 (1955). 

4. 	 This work was supported by the U.S. Atomic 

Energy Commission. 


i.I. Serlin and G. C. Cotrias, Radiation Research 

6, 55 (1957); I. Serlin and D. J .  Fluke, J .  Biol. 

C l~ern .223, 727 (1956). 


6. 	 D. Glirk, J. Biol. Citem. 156, 643 (1944). 
7 .  	 Determined by D. Christ~nan of the rhernistry 


department, Brookhaven National Laboratory; 

irradiations in the Coo0 y-ray sorlrres \rere car- 

ried out by the staff of the nuclear engineerins 

department. 


8. 	 Since the furnace in this Co" source required 

approxi~nately15 minntes to either heat up or 

cool down from 150°C after the addition or 

rerno~al of a sample, it is possible that the oh- 

served small choline losses were initiated in 

these periods. 


" 	 Present address: Shawinigan Resins Corpora-

tion, Springfield, Mass. 


3 l i a y  1957 

Segregation of Plasrnagenes 

and the Determination Problem 

Investigations on the cvillo~v-hc%ri~ 
(Ep i lob ium)  have sho~vn that thc intra- 
individual segregation of plasmagenes is 
a basic character of cytoplasmic inheri- 
t;mcc ( I ) .  Dtrrin,? vrgciativct ct:ll di\.i-
iiolls thc p1asnlagenc.s may be distributecl 
accidentally. They may, howcver, enter 
morc or less exclusivcly one of thc 
daughter cells as \\jell. In such a \\.a? 
diffircnces of cells and charactcristic pat- 
terns arise ~vi thin  the plant. Resides t l i i '  

cyroplasmic scgrcgation occurring iii 



Epzlobzurn, d more generally know11 ex-
ample is the distribution of plastids in 
white-spotted plants. Struck by these 
phenomena, I have advanced the hy-
pothesis that several processes of deter- 
mination are caused essentially by an un- 
equal distribution of plasmagenes during 
somatic development (2) .  

I n  this respect, the cytoplasmic altera- 
tion "irregulare" ( 3 ) offers special inter- 
est. "Irrezulare" arises either after u 


treatment by radioactive isotopes or spon- 
taneously in certain interspecific hybrids 
which contain cytoplasm of the race 
"Essen" of Epilobium hirsutum. The 
"irregulare" character is transmitted 
nearly constantly through numerous gen- 
erations only by the mother, even in pres- 
ence of different nuclei foreign to the 
cytoplasm. During the ontogenetic devel- 
opment, especially during the develop- 
ment of the leaves, new cytoplasmic 
alterations are frequently given off by 
"irregulare" plants. I t  is in this way that 
".irregulare" leaf patterns originate. If 
a new lateral shoot is formed in such an 
anomalous area, maternal inheritance 
can be proved by crossing experiment?. 
Therefore plasmonic [plasmon means 
the sum of all extranuclear genes (plas- 
magenes)] alterations must be involved. 

One of the plasmonic alterations that 
arises frequently from "irregulare" or 
otherwise by treatment with radioactive 
isotopes is the alteration "rhytidiophyl-

Fig. 1. Epidermis of the plasnlonic altera- 
tion "rhytidiophyllum." ( a ) Cross-section 
of the epidermis with separated epidermal 
cells. Parenchyma cells slip into the inter- 
stices. ( b )  Surface view of the epidermis 
with warping cell walls. In  the lower part, 
a pore has formed by bursting of the cu-
ticle. ( c )  Similar view with cell walls 
warped like strings of pearls and with 
pores between the epidermal cells. The 
middle pore has an oblique position. ( d )  
Cross-section t h r n ~ ~ g ha pore with a torn 
cuticle. 

lulrl." l ' he  leaves or leaf patterns of the 
altered plants show a more or  less 
strongly wrinkled lamina. By means of 
anatomical investigation, different causes 
of this wrinkling have been revealed iri 
various "rhytidiophyllum" plants. 

Within a majority of "rhytidiophyl-
lum" plants the division of epidermal 
cells soon stops. If this takes place a t  an 
early stage of development of the epi- 
dermis, the easily warping cell walls be- 
come ex~anded .  and the cell bodies are 
separated. Parenchyma cells slip into the 
interstices, until they touch the cuticle. 
In  many cases a cuticle covers these dif- 
ferent cell types in a normal way. Oc- 
casionally it bursts and forms openings, 
which recall the pores of stomata (Fig. 
1) . If division of epidermal cells stops 
later, the development of stomata will 
be disturbed. Then a single guard cell 
may develop with a more or less normal 
slit at its side. or an air chamber below 
an undeveloped stoma mother cell. I n  a 
still later stage the stomata are stretched 
out into large apertures, below which the 
parenchyma cells lie open and shrink up. 
I n  extreme cases intercellular snaces be- 
tween the epidermal cells become wid- 
ened, or individual epidermal cells be- 
come torn. Then the epidermis covers 
the parenchyma only as a perforated net 
(Fig. 2 ) .  In  all these cases the "rhytidio- 
phyllum" character is produced by dis-
harmonic development of two indepen- 
dent cell layers. 

I n  some chinieras of "albomacula-
turn," in which cell division in the white 
parenchyma ceases early, the epidermis 
nevertheless continues dividing and lies 
in high folds. If individual white cells 
amid normal palisade parenchyma can- 
not divide, the white palisade cells are 
stretched out and assume a shape similar. 
to those of the spongy parenchyma. Vice 
versa, normally dividing green spongy 
parenchyma cells amid white spongy 
parenchyma of white-spotted plants as-
sume the shape of palisade cells. 

During normal development, the typi- 
cal shape of the two different paren-
c h y m a ~  is essentially determined by 
their different rates of cell division. The 
origin of "rhytidiophylluni" disturb-
ances agrees with these observations, and 
thus one may prove that they are caused 
by segregation of plasmagenes. 

In  a second type of "rhytidiophyllurn," 
the epidermal cells do not grow horizon- 
tally, but vertically, to the leaf surface. 
New cell walls are built up periclinally 
(Fig. 3a). Such a multiseriate epidermis 
slightly resembles the epidermis of somr 
xerophytes. 

The  third "rhytidiophyllurn" type, and 
that of special interest, was found in 
relatively numerous plants. In  these the 
cells of the mesophyll are transformed 
into cells of a new and completr epider- 
mis. In  the case of local "rhytidiophyl- 

Fig. 2. Epidermis of "rhytidiophyllum." 
( a )  Surface view of the upper epidermis 
of the leaf with one stoma and with inter- 
cellular spaces widened by the growing 
parenchyma. Below the open stoma, some 
cells of palisade parenchyma are discern- 
ible. ( b )  Disturbed stoma with only one 
guard cell beneath the slit. ( c )  Disturbed 
stoma; one of the guard cells has not de- 
veloped. ( d )  Optical section through the 
air chamber below an undeveloped stoma 
mother cell. ( e )  Cross-section of a 
stretched stoma slmilar to that of a.  ( f )  
Epidermis stretched out to form a net;  o, 
openings in the epidermis. 

Fig. 3. Epidermis of "rhytidiophyllum." 
( a )  Cross-section of the upper epidermis 
of the leaf; cells are lengthened and 
partially divided by periclinal walls. ( b )  
Double epidermis, both layers with sto-
mata. The guard cells of the inner stoma 
in the air chamber project as in some 
hygrophytes. ( c )  Multiseriate epidermis. 
In  the uppermost layer no stoma were 
touched by the knife. In the innermost 
layer, which is transformed from the pa- 
renchyma, a normal stoma is above the 
central parenchyma. 
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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. 
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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. 
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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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