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T h e  O c c u r r e n c e  of Reduc ib le  C o m p o u n d s  in an  Inver tebra te  S truc ture  Pro te in  of Buccinum 
undatum (L.)  

N. R. PRICE 1 and S. HUNT 

Department o/ Biological Sciences, University o/ Lancaster, Bailrigg, Lancaster LA 1 4YQ (England), 15 October 7975. 

Summary. Reducible  compounds,  p robably  similar  to lysine-derived cross-links found in collagen and elastin, have  
been de tec ted  in an inver tebra te  scleroprotein,  the  egg case of Buccinum undatum (L.) 

The egg capsules of the  gast ropod mollusc Buccinum 
undatum (L.) consist of an unusual  s t ruc tura l  protein,  
whose mode  of cross l inking is no t  unders tood 2. We  repor t  
t h a t  our p re l iminary  findings suggest t h a t  this sclero- 
prote in  is a t  least  par t ia l ly  stabil ized by  !ysine-derived 
compounds,  similar to those found to occur in ve r t eb ra t e  
collagens and elastins 3. Certain of these compounds  con- 
t a in  a ldehyde funct ional  groups, and the  capsule mater ia l  
is r ich in free a ldehydes as evidenced by  the  s t rong reac- 
t ion wi th  the  methylbenzoth iazo lone  hydrazone  reagent  
of SAWlCI~I 4. 

Materials and methods. Egg capsules of B. undatum 
were collected f rom the  sea shore near  Lancaster ,  and 
thorough ly  cleaned before use g. Tr i t i a ted  sodium boro- 
hydr ide  was obta ined  f rom The Radiochemica l  Centre, 
Amersham,  Englknd.  6 mg of 9gg case mater ia l  was 
reduced for 3 h wi th  10 ~Ci of t r i t i a ted  borohydr ide  a t  
p H  7. The  reduced mater ia l  was thoroughly  washed and 
then  hydro lyzed  in 5 ml  6 N HC1, at  105 ~ for 24 h under  
nitrogen. Af ter  r emova l  of acid in vacuo the  residue was 
dissolved in 1.0 N sodium ci t ra te  buffer, p H  2.2 for amino 
acid analysis. 

Lysinonorleucine,  N-(5-amino-5-carboxypentyl )  lysine, 
was synthesized according to FRANZBLAU et  al. 5. Amino 
acid analyses were carried out  on a Locar te  Au toma t i c  
Amino Acid Analyser,  fract ions were collected and assayed 
for r ad ioac t iv i ty  in BRAY'S l iquid 6 using a Hewle t t -  
Packard  Tri  Carb Liquid  Scint i l lat ion spectrometer .  

Results. The Figure  A shows the  amino acid chromato-  
g ram of t r i t i a ted  egg case, toge ther  wi th  the  elut ion posi- 
t ion of the  synthesized Lysinonorleucine (L*). The  
analysis shows an abundance  of acidic residues (aspartic 
acid 11%, g lu tamic  acid 20%), and re la t ive ly  high pro- 

por t ions  of lysine (9%). Sulphur-conta ining amino acids 
are to ta l ly  absent,  ruling ou t  disulphide l inkages as a 
means  o f  cova len t  stabil ization.  F igure  B shows the  
t r i t i um profile, indicat ion incorporat ion into 5 compounds.  
The  most  basic of these (No. 5) elutes in a posi t ion ident ical  
wi th  t h a t  of synthesized lysinonorleucine.  The  remaining 
isotopic der iva t ives  elute p r e - a n d  post-aspart ic  acid 
(Nos. 1 and 2), pre-glycine (No. 3) and pre- tyrosine 
(~o. 4). 

Discussion. B. undatum egg capsule prote in  has re- 
markab le  physiochemical  propert ies.  The  abundance  of 
acidic residues and of lysine, toge ther  wi th  the  low 
con ten t  Of glycine (10%), and absence of bo th  proline and 
hydroxyprol ine ,  dist inguish the  Capstile protein f rom the  
collagens (Gly 330 , Pro 10%, Hypro  10~ , Lys 2%), and 
f rom elast in (Gly 30%, Pro 10% , Lys 0.5% ). Two of the  
main features of the  capsule mater ia l  are the  presence of, 
as ye t  unident if ied f luorescent  chromophoresL and a 
high con ten t  of a ldehyde funct ional  groups. 

All of the  Collagens and elastins so far s tudied conta in  
a-amino adipic-6-semialdehyde,  a compound  der ived f rom 
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Amino acid analysis of tritiated egg case. 
A) Ninhydrin profile showing elution of lysinonor- 
leueine (L*). B) Radioactivity profile. 
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lysine and the common in te rmedia te  in the  synthesis  of a 
range of cross l inking compounds,  of which lysinonor- 
leucine is one. 

Isotope peak 5 has an elut ion vo lume ident ical  to 
lysinonorleucine and indicates t ha t  this compound  is 
par t ic ipat ing  in the  interchain stabi l izat ion of this unique 
~-protein. The  elut ion positions of isotope peaks 3 and 4 
closely resemble those of hydroxynor leuc ine  and chloro- 
norleucine, 2 fur ther  compounds  detectable  ill proteins 
cross-linked by  lysine der iva t ivesL Peaks 1 and 2 are 
harder  to speculate upon bu t  m a y  be ye t  fur ther  Schiff 
bases such as d ihydroxynor leucine  s or hydrolysis  ar te-  
facts 7. 

The  cross-linking of collagen and elastin has been shown 
to depend largely on the  modif icat ion of lysine and hy-  
droxylysine residues in the  polypept ide  chain. Oxidat ive  
'ma tu ra t ion '  reactions give rise to a family  of unique 
cross links, some aldehydic  in nature,  and all hav ing  free 

amino groups (2). Thus in theory  these compounds  should 
be detectable  by  amino acid analysis and their  lack  of 
appearance on a n inhydr in  t race is explained by  the  fact  
t h a t  less t han  i residue of cross l ink per 1000 amino acid 
residues is enough to stabil ize long stretches of polypep-  
tide, bu t  insufficient to be de tec ted  by  amino acid anal- 
ysis. 

The  capsule prote in  of B. undatum is nei ther  a collagen 
or an elastin, though  i t  bears resemblances to both.  I t  
seems likely however  tha t  its in terchain  cross links m a y  
be the  same as those found almost  exclusively in ver te-  
bra te  connect ive  tissue and fur ther  work  is being carried 
out  to confirm this. 
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Stimulation of Ribonuclease Activity and its Isoenzymes in Germinating Seeds of Cowpea (Vigna 
sinensis) by Gibberellic Acid and Adenosine-3,5-Cyclic Monophosphate 

H. C. KAPOOR and R. C. SACHAR 

Division o/ Biochemistry, Indian Agricultural Research Institute, New Delhi-lIOO12 (India), 22 August 1975. 

Summary. Applicat ion of GA a and cyclic AMP to cowpea seedlings caused a 2-3 fold s t imulat ion of RNAase  act ivi ty ,  
together  wi th  the  augmenta t ion  of RNAase  isoenzymes. Inh ib i to r  studies indicated the  requ i rement  of fresh R N A  
and protein synthesis for enzyme st imulat ion.  

In  recent  years, controvers ia l  views have  been expressed 
concerning the physiological  and biochemical  role of 
cyclic AMP in higher  plants.  Some workers have  claimed 
tile na tura l  occurrence of cyclic AMP in p lan t  tissues ~-3, 
while others were unable to demons t ra te  its presence4-~. 
Cyclic AMP has been regarded as a media to r  of p lant  
growth substances 7-0. This  view has been quest ioned ~0-~, 
and therefore the  precise relat ionship be tween p lan t  
hormone  and cyclic AMP needs fur ther  inves t iga t ion  la, 14. 
Nevertheless,  exogenous appl icat ion of cyclic AMP is 
repor ted  to t r igger  the  ac t iv i ty  of several  hydro ly t ic  
enzymes,  such as e-amylase 15-~7, protease, acid phos- 
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Fig. 1. Time course studies showing the enhancement of RNAase 
activity in cowpea seedlings in presence of GA s and cyclic AMP. 
The seedlings were grown at 35 =E 2 ~ in dark. 

phatase  ~, ATPase  9, isocitrate lyase is and t r y p t o p h a n  
oxygenase 19. In  addit ion,  cyclic A M P  has also been im- 
pl icated in R N A  synthesis  20, 21. In  the  present  communi -  
cation, we repor t  the  s t imulat ion of R N A a s e  ac t iv i ty  
and its isoenzymes in seedlings of cowpea by  the exo- 
genous appl icat ion of GA~ and cyclic AMP. 

Materials and methods. The seeds of cowpea (Vigna 
sinensis) were surface sterilized wi th  0.1% solution of 
HgC12 for 5 min and germina ted  in dark  at  35 ~ 4- 2~ 
Chtoramphenicol  (20 >g/ml) was added to p reven t  bac- 
terial  contaminat ion .  Seedlings (10 g) were homogenized 
in 20 ml of 0.05 M phospha te  buffer, p H  6.5 at  4~ The 
homogena te  was centr i fuged in Sorval l  a t  10,000 g for 
20 rain in cold. The superna tan t  (crude extract)  was 
employed for measur ing RNAase  act ivi ty ,  according to 
the  procedure of KALNITSKY et al. ey. Pro te in  was es t imat-  
ed by the  procedure  of LOWRY et  al.YK The crude ex t rac t  
was f rac t ionated  on acrylamide  gel electrophoresis,  using 
the  technique  of DAVIS 24. The  me thod  of WILSON85 was 
adopted  for developing the  isoenzymes of R N A a s e  on 
acrylamide  gels. 

Results and discussion. Both  GAa and cyclic AMP 
promoted  2-3-fold s t imula t ion  of RNAase  ac t iv i ty  in 
96 h old seedlings of cowpea (Figure 1). Re la t ive ly  high 
concent ra t ion  of cyclic A M P  (10 -5 M) was required to 
achieve s t imula t ion  of R N A a s e  ac t iv i ty  comparable  to 
t h a t  observed wi th  GA~, 10 -7 M (Table I). Addi t ion  of 
s t ruc tura l  analogues of adenine (e.g., adenosine, AMP, 
ADP,  ATP) showed only 20-70% s t imula t ion  of RNAase  
ac t iv i ty  over  the  controls.  These values were re la t ive ly  
tess effect ive than  cyclic A M P  which gave 165 % enhanced 
enzyme ac t i v i t y  (Table II) .  Seedlings raised in presence 
of GAs 10 -s M + theophyl l ine  !0 -5 M showed no addi t ive  
effect on R N A a s e  act ivi ty .  Similarly,  there  was no signi- 
f icant  addi t ive  increase in RNAase  ac t iv i ty  a t  op t imum 


