
15. IX. 1966 Speeialia 601 

hundredfold% The Table shows the  me ta l -b ind ing  con- 
s t an t s  of GMA and  those  r epor ted  for cycloserine by  
NEILANDS 4. Here  again there  is a ve ry  large difference in 
a biologically i m p o r t a n t  p roper ty .  GMA is a m u c h  s t ronger  
meta l -b ind ing  agent  t h a n  cycloserine and  even  binds  
Cu++ more t igh t ly  t h a n  E D T A  (Ks = 18.8)7. This differ- 
ence be tween  cycloserine and  GMA m a y  reside in the  fact  
t h a t  Cu ++ can be bound  be tween  2 nitrogen a toms  (5) in 
GMA while only  a less s table  t y p e ,  of b ind ing  be tween  the  
n i t rogen  and oxygen  a toms  of cycloserine (6) is s ter ical ly 
possible. The s tab i l i ty  order,  Cu ++ > Co++ > Zn§ of 
these  ions w i th  GMA is cons is ten t  w i th  N, N-b ind ing  in 
the  complexes  8. There  was, however ,  ve ry  l i t t le  difference 
in the  visible spec t ra  of the  two  copper  chela tes :  GMA, 
~H,o = 675 n m  (log e, 1.64); cycloserine, 2H, o = 700 n m  
(log e, 1.45). 

/ H 2 ~Cu++ 

I-I2N~ .... . ~ / N _ O C H a  ~ / N , , ,  / I Cn++ 
C H 2 - C ~ o  tA ' -N/ / '~O/  .... 

(5) (6) 

In  summary ,  we have  found  t h a t  when  the  func t iona l  
groups of cycloserine are a r ranged  in an  acyclic s t ruc ture ,  
no ant ib io t ic  ac t iv i ty  is observed,  This r emarkab le  t o t a l  
loss of ac t iv i ty  m a y  be due to a r equ i r emen t  for the  r ing 
in the  reac t ion  sequence  leading to  enzyme inhib i t ion  or 
i t  m a y  be t h a t  the  large differences in ionizat ion and  
me ta l -b ind ing  propens i t i es  be tween  the  cyclic and  acyclic 
compounds  lead GMA into  biological p a t h w a y s  far re- 
moved  f rom the  cycloserine site of ac t ion g. 

Zusammen/assung. Methoxy-g lyc inamid ,  ein of fenket t i -  
ges I someres  yon Cycloserin, wurde  hergestel l t .  Seine 
phys ika l i schen  E igenscha f t en  s ind von  den jen igen  des 
Cycloserins s t a rk  verschieden.  Es bes i tz t  keine ant i -  
biot ische E igenscha f t  mehr .  

CH. ~-1. STAMMER a n d  C. \V.  JONES 

Department o/Chemistry, University o/ Georgia, Athens 
(Georgia 30601, USA), April 22, 7966. 

Cu++ Zn++ Co++ 

C ycloserine 9.7 6.0 5.7 
GMA 22.2 9.8 16.6 

We  found also t h a t  GMA formed a crys ta l l ine  Schiff  
base wi th  5-chlorosal icylaldehyde under  the  same mild 
condi t ions  which  gave a cycloserine Schiff base ~. We 
have  not  inves t iga ted  the  chemis t ry  of th is  comp o u n d  
fur ther ,  bu t  its facile fo rma t ion  indica ted  t h a t  GMA 
could react  in vivo wi th  pyr idoxa l  in t he  same m a n n e r  
t h a t  cycloserine mos t  p robab ly  does. 

e Glycine hydroxamic acid has pKa 7.35 lB. V. MATVEEV and 
G. G. TSYBAEVA, Chem. Abstr. 61, 14578h (1964)] and benzoic 
acid methoxyamide has pKa 8.88 IG. M. STEINBERG and R. 
SWIDLER, J. org. Chem. 30, 2362 (1965)]. 

7 D. PERRIrr Chemical Analysis (Interscience, New York 1964), 
Vol. XVIII, p. 100. 

8 D. PERRIN, Chemical Analysis (Interscience, New York 1964), 
Vol. x v l I L  p. 46. 
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Presence of Sialopolysaccharidic Components  in 
Egg Gelatinous Mantle of Rana latastei and Bufo 

vulgaris 

CHIARUGI 1 first  repor ted  t h a t  frog spawn  of Rana es- 
culenta was able to give me tach romas ia  wi th  anil ine basic 
dyes.  RE 2 conf i rmed the me tach romas i a  in egg gelat inous 
man t l e  of R. esculenta and Bu/o wlgaris. A large review 
on the  h i s tochemis t ry  and morpho logy  of A m p h i b i a n  
spawn has recent ly  been  publ i shed  by  GHIARA a. GIACOSA 4 
d e m o n s t r a t e d  the  presence of reducing substances .  
WOLFENDEN 5 repor ted  the  presence  of n i t rogen-conta in-  
ing reducing subs tances  in egg jelly mucins  of R. tem- 
poraria. SCHULTZ et  al. 6 found glucosamine toge the r  wi th  
o the r  reducing substances .  The presence  of d-galactose 7-9 
and  fucose 10 has been conf i rmed by  FOLKES et  al. n.  This  
group was also in te res ted  in separa t ing  the  hexosamines  
(glucosamine and galactosamine) .  MINGANTI WaS in- 
t e res ted  in the  chemical  analysis  of egg gela t inous man t l e  
f rom B. vulgaris, R. esculenta, Discoglossus pictus, Axolotl 
and Triton cristatus12 15; recent ly  ~/[INGANTI16 r epor ted  
compara t ive  d a t a  on the  chemical  compos i t ion  of Amphi -  
b ian  egg mucins.  

F r o m  the  analysis  r epor ted  on the  chemical  composi-  
t ion of egg casings we have  no t  found da t a  on the  presence  

of sialic acids, so f requent ly  descr ibed as cons t i t uen t s  of 
g lycoprote ins .  

In  the  p re sen t  pape r  we repor t  the  da t a  ob ta ined  
dur ing researches  carr ied out  in order  to  inves t iga te  the  

1 G. CIfIARUGI, Sperimentale 53, 61 (1899). 
2 G. RE, Arehs Biol. 62, 107 (1951). 
a G. GHIARA, Areho zool. ital., 45, 9 (1960). 
4 p. GIACOSA, Z. physiol. Chem. 7, 40 (1882). 
5 R. N. WOLFENDEN, J. Physiol. 5, 91 (1884). 
e F. N. SCHULTZ and M. BECKER, Biochem. Z. 280, 217 (1935). 
7 W. A. YON EKENSTEIN and J. J. BLANKSMA, Chem. Weekblad. d, 

407 (1917), quoted by n 
s N. W. PIRIE, Br. J. exp. Path. 17, 272 (1936). 
9 H. G. gRAY, H. HENRY, and M. STACEY, giochem. J. 40, 124 

(1946). 
10 H. G. BRAY and S. P. JAMES, Ist. Int. Congress of Biochem. 

Abstr., 267/6, 225 Cambridge (1949). 
11 g. F. FOLKES, R. A. GRANT, and J. K. N. JONES, J. Chem. Soe. 

2136 (1950). 
1~ A. M~NGANTI, Rieerca scient. 24, 1658 (1954). 
13 A. MINGANTI, Exper. Cell Res. Suppl. 3, 248 (1955). 
14 A. MINOANTI and T. D'ANNA, Rieerea seient. 27, 3052 (1957). 
15 A. MINGA~TI and T. D'ANNA, Ricerea scient. 28, 2090 (1958). 
16 A. MINGANTI, Boll. Zool. 25, 55 (1955). 
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presence of sialic acids in A m p h i b i a n  egg gela t inous 
man t l e  and  to  conf i rm the  na tu re  of hexosamines .  

Exper imenta l  preparat ion and analysis  o/ mucins.  The  
researches  were  carr ied out  on egg gelat inous man t l e  of 
R. latastei (collected near  Pavia ,  Lombardy)  and  B. vul- 
garis (from Caldonazzo Lake,  Trent ino) ,  t r e a t ed  wi th  
UV-rays  (10 rain) in order  to  depolymer ize  t he  muc ins  ~ 
(Ruff ini ' s  phenomenon ,  as repor ted  by  BENEDETTI t~ and  
BRUGI48), SO t h a t  we were able  to separa te  t he  eggs f rom 
the  mucins  qui te  easily by  f i l t ra t ion t h rough  gauze ~. 
F r o m  the  mucins  an  ace tonic  powder  was prepared.  This  
powder  was first  a n a l y s e d  for the  hexosamines  (after 
4 N  HC1 hydrolysis ,  wi th  or w i thou t  pur i f ica t ion t h ro u g h  
Dowex  50 (H+) columns,  as suggested b y  a modif ica t ion x8 
of the  m e t h o d  of BoAst~ for the  sialic acid (by the  
m e t h o d  of S V E N N E R H O L M  21) and  for t h e  to ta l  n i t rogen  
c o n t e n t  (following MINGANTI and ZILVERSMITH22). Re-  
suits  of p re l iminary  analysis  are repor ted  in Table  I. We  
a t t e m p t e d  to  isolate the  polysacchar id ic  componen t s  f rom 
pro te ins  by  diges t ion w i t h  papa in  of t he  acetonic powder  
suspended  in p h o s p h a t e  buffer  0.1 M ,  p H  7.4. The polysac-  
charidic  c o m p o n e n t s  were purif ied following a procedure  
previously  descr ibed 2a. 

On th i s  mate r ia l  we pe r fo rmed  the  following analysis :  
de t e rmina t ion  of hexosamines  ~9, sialic acids ~t, uronic 
acids*~, hexoses25, fucose~6, SO4--67, a n d  de t e rmina t i on  
of pro te ins  2s. Chromatograph ic  separa t ion  of hexosamines  
was ob ta ined  wi th  the  aid of an amino  acid analyser  
Spinco Beckm an  Model  120B, on polysacchar id ic  m a t e -  
rial a f te r  hydrolys is  wi th  4 N  HC1 for 5 h a t  105 ~ 

Results  and conclusion. F r o m  the  values  repor ted  in 
Table  I, where  the  da t a  of p re l iminary  tes ts  are sum- 
marized,  the  h igh  sialic acid con t en t  of the  egg mucins  is 
qui te  evident �9 

Table I. Preliminary analysis on egg gelatinous mantle 

Rana latastei Bulo v~lgaris 

Hexosamines 12.9 (16.3) 13.0 (16.9) 
Sialic acid 2.2 3.7 
Nitrogen 7.4 6.9 

The values are given as % of the acetonic powder. The figures en- 
closed in brackets are calculated from estimations of hexosamines 
without previous purification on ion exchange resin. 

Table II. Analysis of the polysaccharidie fraction isolated from egg 
gelatinous mantle 

This  is conf i rmed  f rom the  da t a  of Table II,  where  the  
analyses  are compared  of the  polysacchar id ic  c o m p o n e n t s  
f rom R. latastei and B.  vulgaris (sialic acid figures are 
7.7 and  11.1% respect ively) .  The absence  of glucuronic 
acid and  SO4--  is in favour  of the  absence of su lpha ted  
acidic hexosaminoglycuronoglycans .  The high fucose con- 
t e n t  (8%) m a y  suggest  a compar i son  be tween  egg mucins  
and o the r  g lycoprote ins  descr ibed in mammals �9  In  the  
polysacchar id ic  f rac t ion  isolated f rom R.  latastei, glu- 
cosamine is s l igh t ly  more p reva len t  t h a n  ga lac tosamine  
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Fig. 1. Hexosamines in the potysaecharidic fraction of egg gelatinous 
mantle from Bu]o vulgaris. Glu = Glueosamine; Gal = Galaetosamine. 
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Fig. 2. Hexosamines in the polysaccharidie fraction of egg gelatinous 
mantle from Rana latastei. Glu = Glueosamine; Gal = Galae- 

tosamine. 

Rana latastei " Bu/o vulgaris 

H e x o s a m i n e s  16.9 20.9 
Sialie ac id  7.7 11.1 
Hexoses  23.0 30�9 
Fueose  8.8 8.1 
Uron ic  acids ass. ass. 
S O 4 - -  t r aces  t races  
P ro t e in s  6.8 7.8 

Glucosamine/galac- 
tosamine ratio 1 : 1.3 1:8.8 

The values are given as % of the polysaccharidic fraction dried over 
CaCI 2. 

17 E. BENEDE~TI, Boll. Soe. ital. Biol. sper. 4, 835 (1929). 
18 G. BROCI, Boll. Soe. ital. Biol. sper. /3, 16 (1938). 
x9 L. BOLOGNANI, G. COPPI, and V. ZAMBOTTI, Boll. Soc. ital�9 Biol. 

sper. 34, 1950 (1958). 
20 N. F. BoAs, J. biol. Chem. 204, 553 (1953). 
2t L. SVEN~ER~OLM, Acta chem. scand. 12, 547 (1958). 
2t O. MINARI and D. B. ZILVERSmTH, Analyt. Biochem. 6, 320 (1963). 
28 A�9 M�9 BOLOGNANI FANTIN a n d  L. BOLOGNANI, Re. Ist.  lomb.  Sci. 

Lett. (B) 98, 343 (1964). 
24 Z. DlSCHE, J. biol. Chem. 175, 595 (1948). 
6s A. TREVELYAN an d J. HARRISON, Bioehem. J�9 50, 298 (1952). 
26 Z. DZSCHE and P. SHETTL~S, J. biol. Chem. 175, 595 (1948); 
6~ K. S. DOGSON, Bioehem. J�9 78, 312 (1961)�9 
28 O. H. LowRY, N. J�9 ROSENBOURGH, L. A. FARR, and R. J. RANDALL, 

J�9 biol. Chem. 193, 265 (1951). 
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(1 : 1.3), as p rev ious ly  sugges ted  b y  FOLKES e t  al. 11, mean -  
while  in  t he  po lysacchar id ic  f r ac t ion  f rom B. vulgaris 
t he re  is a m u c h  la rger  a m o u n t  of g a l a c t o s a m i n e  (glu- 
cosamine -ga l ac tosamine  ra t io  1 : 8.8) (Figures  1 a n d  2). 

I t  seems to  us  t h a t  in  t he  egg ge la t inous  m a n t l e  of these  
2 species s ia lofucopolysacchar ides  are p r e s e n t  w i t h  
va r i ab l e  a m o u n t s  of hexos am i nes  (glucosamine a n d  galac- 
tosamine) ,  i nd i ca t i ng  a d i f fe ren t  specific compos i t i on  of 
t he  s ia lopolysacchar ides .  

Riassunto. Sono s taf f  s t ud i a t i  con  ana l i s i  b ioch imiche  
gli invo lucr i  ovu la r i  di  R. latastei e B. vulgaris, s o p r a t t u t t o  
in  re lazione al la  p re senza  di esosamine  e acidi  sialici. Sono 
p re sen t i  s is  g lucosamina  che g a l a t t o s a m i n a  con  u n  rap-  

po r to  in  R. latastei di 1:1,3 e in  17. vulgaris di 1:8,8.  Gli  
acidi  sialici sono c o n t e n u t i  in  quantitY, e l e v a t a  cosi pu re  
il glucosio, m e n t r e  sono a s sen t i  ac ido  g lucuronico  e 
SO4-- .  Si & p o t u t o  qu ind i  conc ludere  che negl i  invo lucr i  
ovu la r i  delle due specie cons idera te  sono p resen t i  sialo- 
fucopol isaccar id i  con quan t i t& va r i ab i l i  di  esosamine.  

L. BOLOGNANI, A. M. BOLOGNANI FANTIN, 
R. LUSIGNANI, a n d  L. ZONTA 

Istituto di Chimica Biologics dell' Universita di Pavia, 
Istituto di A natomia Comparata dell' Universith di Pavia 
e Centro di Studio per l'Istochimica del CNR,  Pavia 
(Italy), December 3, 7965. 

Transfer  of the I m m u n i z a t i o n  to a Bacterial  
Ant igen  by R N A  

By e x p e r i m e n t s  on  t he  t r a n s f e r  of nucleic  acids be- 
tween  d i f fe ren t  cel lular  popula t ions ,  d a t a  h a v e  been  
o b t a i n e d  on  t he  acqu i s i t ion  of new immuno log ica l  p rop-  
er t ies  b y  n o r m a l  l y m p h o i d  cells a f t e r  t r e a t m e n t  w i t h  
R N A  or subce l lu la r  f rac t ions  e x t r a c t e d  f rom i m m u n i z e d  
an ima l s  1-5. I t  has  also been  p roved  t h a t  spleen cells f rom 
n o r m a l  mice acquire  the  ab i l i ty  to  syn thes ize  sheep  hemo-  
lys in  a f t e r  i n c u b a t i o n  in v i t ro  w i t h  R N A  e x t r a c t e d  f rom 
the  spleens of isologous donor  mice i m m u n i z e d  b y  sheep 
erythrocYtes6 s. The  acquis i t ion  of the  immuno log i ca l  
capabi l i t i es  is s t r i c t ly  specific. Thus  the  ab i l i t y  to  syn-  
thes ize  sheep  hemolys in  is a b s e n t  in spleen cells f rom 
n o r m a l  mice  i n c u b a t e d  w i t h  R N A  o b t a i n e d  f rom donors  
i m m u n i z e d  w i t h  ch icken  e r y t h r o e y t e s  or bov ine  se rum-  
a l b u m i n  s. The  r e l a t i on  b e t w e e n  the  e x t r a c e l l u l a r - R N A  
a n d  a n t i b o d y - g l o b u l i n  syn thes i s  is p r o v e d  also b y  t he  
d e m o n s t r a t i o n  of an  ev i den t  increase  of the  c o n t e n t  of 
R N A  in t he  T-globul in  f rac t ion  in i m m u n e  sera  'q. 

I m m u n i z a t i o n  t r a n s f e r  in  v ivo  b y  means  of R N A  has  
also been  p roved  feasible  b y  a research  p r o g r a m m e  per-  
fo rmed  in our  l abora to ry .  As a m a t t e r  of fact ,  w h e n  R N A  
ob ta ined  f rom the  spleens of an ima l s  t h a t  h a d  been  im- 
mun ized  w i t h  r a m  e r y t h r o c y t e s  was in jec ted  in to  n o r m a l  
animals ,  an t i bod ie s  t h a t  could agg l u t i na t e  r a m  e ry th ro -  
cy tes  were found  in t he  l a t t e r ' s  s e rum 10. Ana logous  resul t s  
h a v e  been  o b t a i n e d  in d i f fe ren t  e x p e r i m e n t a l  condi t ions .  
I n  fac t  i t  has  been  d e m o n s t r a t e d  t h a t  the  R N A  e x t r a c t e d  
f rom the  s e rum of i m m u n i z e d  an imal s  is capab le  of elicit- 
ing in n o r m a l  rec ip ien t  an ima l s  the  p r o d u c t i o n  of an t i -  
bodies  aga ins t  t he  same an t igens  used for i m m u n i z i n g  
t he  an ima l s  f rom which  th i s  R N A - i m m u n o - c a r r i e r  was  
t a k e n  11. 

The  research  work  re la ted  in th i s  p a p e r  was a imed  a t  
assessing t he  poss ib i l i ty  of us ing  R N A  for t r an s f e r r i ng  
i m m u n i z a t i o n  aga ins t  a bac te r i a l  an t igen  f rom one ani-  
ma l  to ano the r .  In  th i s  class of inves t iga t ions ,  t he  m o s t  
serious d i f f i cu l ty  ar ises  f rom t he  l imi ted  a m o u n t  of R N A  
t h a t  can  be  o b t a i n e d  f rom the  spleens of i m m u n i z e d  
animals ,  pa r t i cu l a r l y  w h e n  only  t he  nuc leo la r  R N A  2nd 
f rac t ion  is used as t he  po r t i on  endowed w i t h  t he  h ighes t  
ac t iv i ty .  On accoun t  of this ,  our  e x p e r i m e n t s  were per-  
fo rmed  b y  e x t r a c t i n g  R N A  f rom t he  spleens of a large 
n u m b e r  of i m m u n i z e d  adu l t  sub jec t s  and  in j ec t ing  i t  i n to  
new-bo rn  an ima l s  so as to o b t a i n  t he  h i ghes t  possible  

R N A  c o n c e n t r a t i o n  in t he  p l a s m a  of t he  rec ip ien t  sub-  
jects.  An ima l s  o r ig ina t ing  f rom the  same  s tock  were used 
t h r o u g h o u t  the  expe r imen t .  

Methods o/immunization and R N A  extraction. 50 r a b b i t s  
ave rag ing  3 kg in we igh t  were a d m i n i s t e r e d  5 i.v. injec-  
t ions  (1 eve ry  t h i r d  day) ,  each  cons is t ing  of 5 ml  of a 
suspens ion  of S. typhi ' H '  an t igen .  The  an t i gen  h a d  been  
p repa red  f rom agar  cu l tu res  of S. typhi H 901 t r e a t e d  
w i th  formal in ,  the  opac i t y  be ing  e q u i v a l e n t  to  t h a t  of t he  
f i rs t  t u b e  of Wel lcome ' s  opac i t y  meter .  20 days  a f t e r  t he  
b e g i n n i n g  of the  i m m u n i z i n g  t r e a t m e n t ,  a n t i b o d y  t i t r a -  
t ions  were in excess of 1/70,000 in all  subjects .  A t  t h a t  
t ime  t he  r a b b i t s  were  ki l led a n d  R N A  was i m m e d i a t e l y  
e x t r a c t e d  f rom the i r  spleens b y  the  GEORGIEV a n d  MAN- 
TItgVA m e t h o d  12A3. 

Characteristics o/the R N A  employed. I n  the  e x p e r i m e n t  
on ly  nuc leo la r  R N A  2nd f rac t ion  was used. The  chemica l  
compos i t ion  of th i s  f r ac t ion  was as follows: R N A  96.8% ; 
p ro te ins  1 .5%;  po lysaccha r ides  0 .8%;  D N A  0.9%. Fo r  
the  con t ro l  of the  molecu la r  i n t e g r i t y  of R N A  i t  was  
cha rac t e r i zed  b y  t he  h y p e r c h r o m i c  effect  : Opt ica l  dens i t y  
(OD) of t he  n a t i v e  R N A  2.07 (260/280 n m ) ;  2.26 (260/230 
n m ) ;  OD af te r  a lka l ine  hydro lys i s  1.81 (260/280 n m ) ;  
2.41 (260/230 nm).  

Treatment o/the recipient rabbits. Some of t he  R N A  so 
o b t a i n e d  was dissolved in a sal t - f ree  5% dex t rose  solu- 
t ion  and  in jec ted  i.v. (dosage:  10 m g / k g  b o d y  weight)  
in to  5 new-bo rn  r abb i t s .  The  in jec t ions  were r epea t ed  

1 M. FISHMAN, J. exp. Med. 114, 837 (1961). 
2 j .  A. MANNICK, Ann. Surg. 156, 356 (1962). 
a j .  A. MANNICK and R. M. EGDAHL, Science 137, 976 (1962). 
4 j .  FONG, D. CHIN, and S. S. ELBERG, J. exp. Med. 118, 371 (1963). 
5 H. FRIEDMAN, Biochem. biophys. Res. Conmmn. 17, 272 (1964). 
6 S. ESPOSITO, L. BUSGARINI, E. NICOLINI, E. L. CH]~RIE LIGNI~RE, 

and P. MARANDOLA, Riv. Emoterap. Immunoemat. 11,183 (1964). 
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