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Discussion. I t  has been argued by  BRADY 14 t h a t  the  
electr ical  and mechanica l  ac t iv i ty  of f log hear t  in sucrose 
solutions is due to re ten t ion  of abou t  10% sod ium in in ter-  
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Fig. 2. Effect of washing every 15 min with half-isotonic, 0.112M, 
solution of sucrose on the sodium content and magnitude of the 

spontaneous contractions of frog stomach muscle. 

spaces. This  a rgumen t  is un tenable  as there  is no correla- 
t ion be tween  mechanica l  a c t i v i t y  of frog s tomach  muscle 
and its sodium content .  E lec t r ica l  and mechan ica l  activity 
in these  tissues cont inue  when t h e y  con ta in  no sodium; 
in fact  the  more  thorough ly  the  sod ium is washed out, 
t he  be t t e r  i ts mechanica l  ac t iv i ty .  Thus  the  electr ical  and 
mechan ica l  a c t i v i t y  of frog s tomach  and hear t  could not 
be  due to re ten t ion  of sodium in t he  in terspace;  sodium is 
ac tua l ly  deleter ious to such ac t i v i t y  a f te r  these tissues 
have  become accl imat ized  to sucrose. The  ionic hypothesis 
of HODGK~N and HUXLEY 15 is thus  no t  appl icable  to  these 
tissues le. 

Zusammenlassung. Herz  und  Magenmusku la tu r  des 
Frosches  ver l ieren in ha lb- i so toner  Rohrzucker l6sung in- 
ne r t  1 h alles Na t r ium.  T r o t z d e m  ble ib t  die spontane 
Kont rak t i l i t / i t  erhal ten.  N a t r i u m  ist  also fiir die Erregbar- 
ke i t  dieser Muskeln n ich t  Voraussetzung.  
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The  P h o s p h o l i p i d s  of the T o b a c c o  H o r n w o r m ,  

Protoparce sexta J o h a n .  
(Lepidoptera;  Sph ing idae )  1,z 

Studies  8,4 of the  phosphol ipids  of lepidopterous  insects 
have  shown phosphorylchol ine  and phosphory le thanol -  
amine  to be incorpora ted  into the  phosphol ipids  of Celerio 
euphorbiae. In  Arctia caia moths  5 the  pr incipal  phospho-  
lipids are phospha t idy lchol ine  and phospha t idy le thano l  
amine  wi th  only smal l  amoun t s  of o ther  phospholipids.  

I n  this  s t udy  of the  hornworm,  Protoparce sexta, the  
phosphol ipids  of f i f th  ins tar  la rvae  and adul ts  were chro- 
ma tog raphed  on silicic acid as described previously% 
Phosphorus  de te rmina t ions  7 showed two a symmet r i ca l  
peaks.  The  fract ions compris ing the  peaks (I and II)  and 
the  t ra i l ing  areas behind t h e m  (Ia and I Ia)  were  pooled 
and  the  fol lowing analyses  carr ied ou t :  esterified f a t t y  
acid s, p lasmalogens  9, e t h a n o l a m i n O  U, serine ~0, choline/1, 
and an unknown  amino  compound  ~0. Qua l i t a t ive  tests  
for inosi tol  xz and  spingosine x3,14 were carr ied ou t  (Table). 
These  results  indica te  t h a t  b o t h  peaks are  mix tu res  of  
phospholipids .  The  ma jo r  c o m p o n e n t  of the  first  peak  is 
phospha t idy le thano lamine  and  the  second, phospha t idy l -  
choline.  Serine con ta in ing  phosphol ipids  are  present  in 
only  smal l  amounts ,  and ne i ther  inosi tol  no r  spingosine 
could be  de tec ted  in acid  hydrolysa tes .  P lasmalogens  
form only  a smal l  p a r t  of  t he  phosphol ipids  of  t he  adul ts  
(peak I) and  are  a lmos t  absen t  f rom the  larva.  

The  u n k n o w n  amino  c o m p o u n d  is seen on pape r  chro-  
m a t o g r a m s  of phosphol ip id  hydrolys is  products .  I n  v iew 
of the  h igh  level  of  free amino  acids in insects ~ and  the  

abi l i ty  of phosphol ipids  to solubilize wa te r  soluble com- 
pounds  in l ipid solvents  1~, i t  appeared  necessary to 
ident i fy  this compound  and to  establ ish t h a t  i t  was part 
of a l ipid molecule.  The  compound  corresponds to alanine 
when  ch roma tog raphed  on paper  in the  following sol. 
ven t s :  m e t h y l  e thyl  ke tone -me thy l  cellosolve-acetic acid. 

1 Supported in part by a grant from the US Public Health Service, 
A10-04464. 
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proval of the Director of Research, Paper No. 1795 of the Journal 
Series. 
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Molar ratios of phospholipid constituents in the peaks from silicic acid colunms. (Phosphorus, ester, and aldehyde determinations were 
carried out on the intact phospholipids and ethanolamine, scrine, choline, attd the unknown uhthydrln poslt[w compotmd were carried 

out on acid hydrolysates) 

% of Ester: P Aldehyde: P F, thanol- Serlne: P Choline: P Unknown: P 
lipid P antine: P 

Larval peak I 42 2.61 0.07 0.73 0,05 0.0l 0.16 
Adult peak I 62 2.56 0.14 0.41 0.03 0,11 0.06 
Larval peak Ia 8 1.41 0.04 0.27 0.06 0.01 
Adult peak Ia 14 2.60 0.02 0. i 0 0.28 0,91 0.10 
Larval peak I I 44 1.95 0.0t 0.09 0,08 0,53 0.05 
Adult peak I I 24 2.0 a 0.03 0.07 0.08 0.97 a O. 12 
Larval peak I I a 6 0.31 0.04 0. l I 0.03 0.30 - 

= Due to an error in some of the phosphorus determinations these two figures are less accurate. 

water ;  e thano l -ammonia -wate r ;  methanol-ammonia-wa- 
ter ;  butanol -ace t ic  acid-water.  None of the other  21 com- 
pounds tes ted (including all  the common amino acids) 
gave the  same result .  The  dini t rophenyl  derivative of this 
compound  corresponds to DNP-alanine  when chromatog- 
raphed on paper  in bu tanol -bu ty l  ace ta te :ammonia .  

T h a t  this  compound  is not  par t  of a lipid molecule 
seems unlikely in v iew of the following. Following chroma- 
tography on silicic acid impregnated p a p e r "  in chloro- 
form-methanol  (2:1), free amino compounds remain on 
the origin, and the  n inhydr in  posit ive phospholipids form 
a single spot  near  the  solvent  front. Lipid extract  from 
fif th ins tar  hornworms  was chromatographed as a band, 
the area behind the  solvent  front eluted, hydrolyzed in 
2 N  HsSO 4 a t  l l 0 ° C ,  and examined for ninhydrin-positive 
compounds.  The  unknown compound and ethanolamine 

,Solvent front 

A g g C ; S s s  

I Z 3 I* 5 
Egg -- Larval lascars = Pupa Adult 

I l 

Chromatography of Protoparce sexta ph.~spholipids on silicie acid 
treated paper. The reactions of the spots marked were as follows: 
(1) rhodamine 6G positive, weak positive reaction with phospho- 
molybdie acid and potassium permanganate; (2) rhodamiue 6G posi- 
tive, weak positive with potassium permanganate and a strong 
positive reaction to Dragendorff's reagent and phosphomolybdic 
acid. Phosphatidyl choline; (3) rhodamine 6G positive, weak respouse 
to phosphomolybdic acid and a strong positive respcnse to ninhydrin; 
(4) rhodamine 6G positive, weak positive response to potassium per- 
manganate and phosphomolyb:lic acid and a str~ng positive response 
to ninhydrin. Phosphatidylethanolamine; (5) rhodamine 6G posi- 
tive; (6) mixture of pigments apparently without any phospholipid 

constituents. 

were present in the same ratio before and after  chromato-  
graphy. Passing chloroform solutions of the phosphollpids 
through columns of cellulose caused no change in the 
ratios of these two compounds, and, when free CtI-L - 
alanine was added during the extract ion process it  could 
not be detected in the phospholipid peaks from the silicic 
acid column. 

The phospholipids of eggs, the larval instars, pupae and 
moths of the hornworm were c h r o m a t o g ~ p h e d  on silicic 
acid impregnated paper in diisobutyl ketone, acetic acid 
and water (M^nmt~TTttl). The  Figure was obtained by 
spraying identical chromatograms with the following 
color reagents: rhodamine 6G, ninhydrin,  phosphomolyb-  
dic acid, potassium permanganate,  l )ragendorlf 's  reagent,  
2,4-dinitrophenyl hydrazine. Two of the five spots were 
particularly prominent.  One of these contained choline 
and the other  ethanolamine, confirming the results from 
silicic acid chromatography.  Plasmalogens were not  ap-  
parent. There are few qual i ta t ive  differences between de- 
velopmental  stages although one minor component  (5) 
present in the larva is absent  from the egg, pulm and 
adult. All components separated on silicic acid t reated 
paper were unsaturated. 

These investigations show tha t  the principal phospho- 
lipids of the tobacco hornworm are phosphat idylethanol-  
amine and phosphatidylcholine but  a significant minor  
component contains a compound tenta t ive ly  identified as 
alanine, This minor component  may contain both ethanol-  
amine and alanine. I~lasmalogens are a minor const i tuent  
of the adult, and even lem is present in the htrva while 
spingomyelin and lipids containing inositol coukl not  be 
detected " .  

Zusammen/assung. Es wird gezeigt, dass es sich bet den 
Phospholipiden yon Protoparce sexta vorwiegend um 
Phosphatidylttthanolamin und Phosphatidylcholin han-  
delt, dass aber ein wichtiger kleiner Bestandteil  eine Ver- 
bindung enthlilt, clio zunltchst als Ahmin identif iziert  
wurde. 
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