
Fig. 1. Survival rate of 3-factor-deficient 
rats on purified diets with varying casein 
levels and supplied with the appropriate 
antivitamin. 

doxine; observations were made of 
growth, food intake, development of the 
"acute deficiency" state ( 8 ) ,  and sur-
vival time. In all these aspects, the ani- 
mals on 74-vercent casein showed the 
most severe changes; those receiving 5 
percent showed scarcely any and the ones 
fed 30 percent were in between. Death, 
in narticular. occurred earliest with 74- 
percent casein and not at all during 
the time of observation among those on 
5-percent casein (Fig. 1) .  Thus, the use 
of an antagonist does not alter. but 

u 


strongly intensifies, the differences in py- 
ridoxine requirements, which go parallel 
to the casein content of the diet. The 
ravid occurrence of a severe deficiencv 
state at high dietary protein levels is in- 
dicative of the great importance of pyri- 
doxine in the protein-metabolizing en-
zyme systems. As in the case of riboflavin 
and thiamine, pyridoxine and protein are 
mutually limiting factors. 

I t  has been found that the signs of 
pantothenic acid deficiency become less 
pronounced if the carbohydrate in the 
diet is partly replaced by protein (9 ) ;no 
antagonists were used in those experi-
ments. In our experiments, groups of 12 
rats received 5,- 30-, and 84-percent 
casein in pantothenic acid-deficient diets 
and daily injections of 10 milligrams of 
the pantothenic acid antagonist, bisiN- 
pantoyl-beta-aminoethyl) disulfide (10) .  
In Fig. 1 it is demonstrated that the sur- 
vival rate of these animals increased very 
significantly when carbohydrate in the 
diet was replaced by protein. Although 
the casein had been specially purified, 
these experiments (just as previous ones) 
did not entirely rule out the possibility 
that the milder form of the deficiency 
state was the result of the presence of 
traces of pantothenic acid in the casein. 
This argument could be entirely refuted 
by an experiment in which eight animals 
that received 30-percent casein were re-
stricted in their food intake so that they 
just maintained their body weights. This 
group survived the freely eating, slowly 
growing, deficient animals on the same 
diet. Therefore, the longer life span of 
animals on the high casein level is not 
the result of traces of pantothenic acid 

in the casein because the animals on the 
restricted food intake that survived their 
controls received less casein. The experi- 
ment further demonstrates that the signs 
of the deficiency state are less pro-
nounced if the food intake is restricted. 

Despite the rigid exclusion of panto-
thenic acid from the diet and the use of 
a potent antagonist, increased dietary 
protein levels decrease the pantothenate 
requirements; thus, pantothenic acid and 
protein are probably not mutually limit- 
ing factors. Inasmuch as, in these ex-
periments, high dietary protein levels 
mean low carbohydrate levels and vice 
versa. these exveriments indicate that 
such mutual limitation exists between 
carbohydrate and pantothenate. 
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Regeneration of X-rayed 
Salamander Limbs Provided 
with Normal Epidermis 

It has been suggested that a large part 
of the regenerate of a salamander limb 
arises from epidermal cells (1, 2 ) .  The 
evidence for this is that, as the blastema 
forms, approximately the same number 
of mesenchymal regeneration cells ap-
pear as there are epidermal cells disap- 
pearing. It  is believed that the epidermal 
cells change into mesenchymai cells in 
situ in the epidermal cap. This transfor- 
mation had been described earlier (3) 
but had not been interpreted as evidence 
for a permanent change. Other investi- 
gators, while confirming the loss of many 
epidermal cells during blastema forma- 
tion (4, 5 ) ,  believe that these cells die, 
but this has not been studied quantita- 

tively. Still others, for various indirect 
reasons, believe that a transformation 
from differeniated epidermis to a variety 
of internal limb tissues is unlikely (6-10). 
Direct evidence that epidermal cells can 
transform to mesenchymal cells was ob- 
tained by tracing polyploid epidermis on 
a diploid limb stump and later recover- 
ing it as mesenchymal tissue (11) .  There 
is still a question whether the marked 
mesenchymal cells that had been epider- 
mal could have completed the transfor- 
mation to differentiated mesodermal tis- 
sue. 

Because of general interest in the ex- 
tent of cellular transformation during re- 
generation and because there have been 
different interpretations of data already 
presented, a more rigorous test of the pos- 
sibility of epidermal transformation has 
been made. 

The best method for testing the po- 
tency of a tissue during limb regeneration 
ii: the method of transplanting it to an 
x-rayed limb that is incapable of growth 
or regeneration. Sufficient x-irradiation 
completely prevents growth and regen-
eration. T h e  change appears to be per- 
manent and irreversible 112'1. If normal 

\	 , 

tissue is transplanted to an x-rayed limb 
and the limb is subsequently amputated 
at the level of the graft, whatever regen- 
erates must arise from the grafted tissue. 
The method has been used previously to 
demonstrate that bones, muscles, and 
whole skin can each produce whole 
limbs (13, 14) .  In the present work (15) ,  
an attemvt has been made to learn 
whether the epidermis alone can furnish 
the cells for limb regeneration. 

Both forelimbs of 55 adult Triturus 
viridescens were x-rayed below the elbow 
with single dosages of 500 to 10,000 roent- 
gens. The  conditions of irradiation were 
150 kv and 8 ma with a delivery rate of 
745 r per minute at a distance of 11.5 
cm. The upper arms and the rest of the 
animal were protected by lead shields. 
Left forelimbs served as controls. These 
were irradiated and either 7 or 28 days 
later were amputated midway between 
wrist and elbow. Right forelimbs were 
treated in the same way except that, in 
addition, whole skin was stripped off the 
stump up to the unirradiated tissue 1 
mm above the elbow at the time of am-
putation. I t  was known from work with 
polyploid skin transplants that only the 
epidermis migrates and piles up at the 
tip of the stump (1 I ) . Hence, in the right 
limbs, the epidermis that migrates to 
cover the stumps was unirradiated. 

On all 55 animals the limbs that be- 
came covered with unirradiated epider-
mis regenerated. No complete hands re- 
generated from the control stumps. After 
the 3 lowest x-ray dosages, 500, 1000, 
and 2000 r, there was some outgrowth 
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f r o m  t h e  irradiated control s tumps,  b u t  
these outgrowths i n  all cases were s imple 
cartilaginous spikes covered b y  skin. A f t e r  
a dosage o f  3500 r or more ,  there was 
comple te  absence o f  regeneration o n  t h e  
control side, b u t  all x-rayed l imbs  tha t  
were provided w i t h  unirradiated epider- 
m i s  showed some hand  regeneration. 
T h i s  included t h e  experimental  l imbs  i n  
t h e  groups t h a t  received 3500,  5000,  
7500,  or 10,000 r. T h e r e  were at  least 5 
useful  cases i n  each  radiation group ex-  
cept  i n  t h e  group tha t  received 10,000 r. 
Al l  but o n e  animal in t h e  10,000-r group 
died be fore  regeneration had b e e n  c o m -  
pleted. T h e  t y p e  and a m o u n t  o f  regen- 
eration is shown for  4 representative 
cases i n  Fig. 1. 

Appreciable growth  potential remained 
i n  t h e  500-r series w h e n  all tissues were 
irradiated. W h e n  unirradiated epidermis 
has b e e n  a d d e d ,  t h e  f o r m  o f  t h e  regen- 
erate is bet ter  and t h e  a m o u n t  o f  regen- 
eration is greater. W i t h  dosages f r o m  
3500 t o  10,000 r there was n o  o u t g r o ~ v t h  
a f t e r  b o t h  internal tissues and epidermis 
had b e e n  irradiated. However ,  there was 
some regeneration e v e n  f r o m  atrophied 
s tumps  whose internal tissues had re-
ceived higher dosages, provided tha t  
t h e y  had b e e n  covered w i t h  unirradiated 
epidermis.  Diminishing size o f  regener- 
ate w i t h  increasing dosage m a y  b e  ac-
counted for  i n  large part b y  t h e  decreas- 
ing growth potential o f  t h e  internal 
tissues. A t  3500 r and above there was 

Fig. 1 .  Representative regenerates show- 
ing extent  and type o f  regeneration af ter  
various x-ray dosages. T h e  limbs were 
irradiated below the  elbow. All limbs were 
amputated half  way between the  wrist and 
elbow. L e f t ,  regeneration af ter  simple am- 
putation through forearm; right, regener- 
ation af ter  amputat ion and removal o f  
skin t o  a point above t h e  elbow. T h e  limbs 
o n  t h e  right received unirradiated epi-
dermis. T h e  diagrams are drawings f rom 
photographs o f  t h e  same magnification. 

n o  o u t g r o ~ v t h  f r o m  controls and  t h e  
s tumps  became smaller. F r o m  this  dosage 
upward ,  any  regeneration t h a t  occurred 
i n  t h e  ripht l i m b  m u s t  have  resulted f r o m  " 
t h e  unirradiated epidermis.  

S o m e  o f  t h e  decrease i n  size o f  regen- 
erates m a y  result f r o m  increasingly de-  
leterious e f f ec t s  o f  t h e  x-rayed stumps 
u p o n  t h e  regenerates. T h i s  was  qu i te  ap-  
parent i n  t h e  10,000-r series, where  
failure o f  t h e  epidermis t o  main ta in  a 
comple te  cover around and  over t h e  
s t u m p  was observed. In spite o f  this there 
was  regeneration o f  a recognizable hand  
o n  t h e  one  10,000-r animal tha t  l ived.  

T h e  possibility tha t  t h e  unirradiated 
epidermis reactivated t h e  internal tissues 
has b e e n  considered seriously ( 16 ) ,  b u t  
all evidence is against i t .  As  shown b y  
Brunst ( 1 2 ) ,  x-rayed l i m b s  r e m a i n  for  
years incapable o f  regeneration. T h e r e  
is additional counterevidence i n  t h e  pres- 
ent  work .  T h e  s tumps  o f  all x-rayed l imbs  
lost some vo lume.  T h e  presence o f  a n  
unirradiated epidermis does no t  reacti- 
vate t o  protect against this  loss. I n  all 
cases t h e  shrinkage o f  t h e  s t u m p  was  t h e  
same whether  irradiated or  unirradiated 
epidermis was present. T h i s  is evidence 
against reactivation. 

Direct evidence tha t  on ly  t h e  unirradi- 
ated tissue participates i n  regeneration 
was  obtained b y  U m a n s k i  ( 4 7 ) . A f t e r  a 
dosage o f  5000 r t o  hind l imbs  o f  black 
axolotls whose internal tissues are dark,  
fol lowed b y  transplantation o f  fore l imb 
skin f r o m  w h i t e  axolotls and subsequent 
amputa t ion ,  completely  w h i t e  forel imbs 
regenerated o n  t h e  s tumps  o f  t h e  h ind  
l imbs.  U m a n s k i  suspected tha t  t h e  der- 
m i s  was  t h e  source o f  t h e  regeneration 
cells, b u t  t h e  hypothesis was no t  tested. 

I t  	 is concluded tha t  epidermis can 
serve as t h e  on ly  source o f  cells for  a re- 
generating l imb.  I t  n o w  appears likely 
t h a t  any  l i m b  tissue can  serve as a source 
o f  regeneration cells. W h e t h e r  one  is t h e  
predominant  source b o t h  i n  larvae and  
adults is no t  clear. Better regenerates 
were obtained f r o m  x-rayed s tumps  w h e n  
normal whole  skin was transplanted t h a n  
w h e n  ei ther muscle or bone  was  used 
( 18 ) .  
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Action of Pectic Enzymes 
on Surface Cells of 
Living Brassica Roots 

Robert's conclusion ( I )  tha t  t h e  root- 
hair wall consists o f  a n  inner layer o f  cel- 
lulose and a n  outer layer o f  ca lc ium pec- 
tate  continuous w i t h  corresponding layers 
i n  t h e  hair- forming cell has b e e n  con-
firmed and denied ( 2 ) .I obtained strong 
confirmatory evidence ( 3 )  f r o m  micro-  
chemical  tests and b y  growing roots o f  
Brassica seedlings i n  a variety o f  cultural 
solutions tha t  were  designed either t o  pre- 
v e n t  or  t o  s t imulate calcification o f  t h e  
pectic layer. I n  this  connect ion,  t h e  ex-  
periments w i t h  a m m o n i u m  oxalate solu- 
tions were particularly convincing ( 3 ) .A 
theory o f  root-hair deve lopment  was  for-  
mula ted ,  tha t  was  based o n  t h e  gradual 
hardening o f  t h e  outer pectic layer t o  
ca lc ium pectate (2 -4) .  

M o r e  recently ,  Ekdahl  ( 5 )  considers 
t h e  pectic and cellulosic substances t o  b e  
u n i f o r m l y  distributed i n  t h e  hair-wall and 
n o t  separated into t w o  distinct layers. I n  
his opinion,  calcification does n o t  occur 
and hardening is d u e  entirely t o  changes 
i n  t h e  cellulosic substances. 

Ekdahl 's  v i e w  still lacks direct proof 
and does no t  explain t h e  fact  t h a t  any-  
th ing  w h i c h  prevents calcification also 
prevents root-hair formation.  Further-
m o r e ,  i n  denying t h e  existence o f  a n  
outer pectic layer or  so-called m i d d l e  
lamel la  substance, his v i e w  fails t o  ex -  
plain m a n y  wel l -known cellular pheno- 
m e n a  such as t h e  normal sloughing o f  FLORENCEC. ROSE 

HENRY QUASTLER root-cap cells, t h e  format ion  o f  intercel- 

S. M E R Y LROSE lular spaces, and  t h e  maceration o f  m u l -  

Universi ty  of Illinois, Urbana  
ticellular tissues b y  pathological organ-
isms and chemical  reagents. 
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