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Peaks  corresponding to  the  ions resul t ing f rom such 
f r agmen ta t ion  (see peaks  a t  m/e  486, 458, 387, 330 and 302 
in F igure  3) are  usual ly  qu i te  s t rong and are  accompanied  
by  peaks  lower by  73 and 106 m.u.  (see peaks  a t  m/e  444, 
413, 4 l l ,  380, 352, 314, 281, 257, 224 and 196 in Figure  3). 
The  la t te r  are due  to  el iminat ion,  respect ively ,  of a carbo-  
m e t h o x y m e t h y l  group or of me thy l  mercap toace t a t e  
which occurs alongside the  amino  acid type  of f ragmenta-  
tion. I t  is no t ewor thy  that ,  in cont ras t  to the  cys t ine  
peptides,  those wi th  S-f l -aminoethylcysteine and S-carb- 
oxymethy lcys t e ine  residues prac t ica l ly  suffer no elimi- 
na t ion  of the  side chain as a whole (i.e. no rup tu re  of the  
Ca-C fl bond).  

Sti l l  ano the r  process is charac ter i s t ic  of S-carboxy-  
me thy lcys te ine  acy lpep t ide  esters, namely,  rup tu re  of t he  
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N-Ca-bond of the  ca rboxyme thy l cys t e ine  residue. This  
react ion,  which we observed  earlier wi th  pept ides  con- 
ta in ing  a romat i c  and heterocycl ic  amino  acids x,2, is ac- 
compan ied  by  migra t ion  of a hydrogen  a t o m  leading to  
ion (7) which undergoes  fur ther  f r agmen ta t i on  by  the  
amino  acid mechanism.  Fo r  instance in F igure  3 peak  a t  
m/e  346 corresponds to the  ion of t ype  (7), while its 
subsequent  f r agmenta t ion  gives the  peaks a t  m/e  315, 
287, 216, 188 and 159. 

The  findings described here show t h a t  the  mass spectro-  
met r ic  me thod  can be successfully employed  for deter-  
min ing  the  amino  acid sequence in cys te ine-conta in ing  
pept ides  formed in the  par t ia l  hydrolys is  of proteins.  

13r~zBo/IM. l-]oKa3aHo, qTO Macc-crteKTpOMeTpHttecK~4~ MeTOA 
onpeAe.~eHH~ aMHHOKHCnO'rHO~'i noc~e~loBaTe.rtbHOCTH MOH,CeT" 
6bITE, C ycnexoM npgmeneH K nenTnAaM, CO/Ieplt¢alllHM OCTaTKH 
IIHCTI4Ha, S-fl-aMIIIt03TtLrlUHCTeHHa H G-Kapf0KCtlMeTII.rI[iH- 
CTeI4Ha. 
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E f f e c t  o f  S o d i u m  C i t r a t e  o n  t h e  T r a n s l o c a t t o n  o f  B a c t e r i a l  D N A  i n  S o l a n u m  l y c o p e r s i c u m  e s c .  

I t  has  been  shown t h a t  foreign D N A  can be  t aken  up  by  
plants  z-4. Af te r  some depolymer iza t ion ,  though  wi thou t  
modi f ica t ion  of its p r ima ry  and secondary  s t ructures ,  the  
D N A  enters  the  cell nuclei  where i t  appears  to  combine  
wi th  the  t o m a t o  D N A  and replicate.  

Since sodium c i t ra te  is known to  prec ip i ta te  or chelate  
b iva len t  cations,  and because these ions, especially Ca ++ , 
are known to be an i m p o r t a n t  fac tor  of cell pe rmeab i l i ty  s, 
p lants  were  t rea ted  wi th  sodium c i t ra te  in an a t t e m p t  to 
increase the  up take  of exogenous  DNA.  

Sodium c i t ra te  is known to  inhib i t  D N A s e  I by  i ts  act ion 
on Ng++ ions G and so m a y  also reduce  the  depolymer iza t ion  
of the  foreign D N A  t rans loca ted  in the  plants .  

P lan t s  of  Solam~m lycopersicum var .  Tuckwood  were 
used in t he  fol lowing exper iments .  Cut  shoots  (5-9 cm long) 
f rom adu l t  p lan ts  w i th  young  leaves were  placed in a 
solut ion of 0 .15M sodimn c i t ra te  ( t r i bas i c ) /o r  2 h. They  
were t ransferred to a solut ion of 3H-DNA prepared  f rom 
Escherichia col$ (200 y/ml) in di lute  saline c i t ra te  solut ion 
for 6 h pr ior  to p lacing in wate r  for 48 h. As controls,  cu t  
shoots  were placed in wate r  instead of the  c i t ra te  solut ion 
pr ior  to  s imilar  feeding per iods in the  D N A  solut ion and 
water .  

A sample  of in te rnode  (0.5 cm long) was r emoved  f rom 
each  plant ,  f ixed for  3 h in Clark f ixa t ive  and embedded  
in w a x  pr ior  to sect ioning for au torad iographic  s tudiesL 
Some sections were used d i rec t ly  whils t  o thers  were (1) ex-  
t r ac ted  wi th  di lute  acid to r emove  any  labelled low-polymer  
polynucleot ides ,  and (2) digested wi th  DNAse  I. Auto-  
radiographs  were exposed for 10 days. 

Af te r  discarding the  t e rmina l  por t ion  of the  shoot  which 
had  dipped in the  feeding solutions, the  D N A  of the  re- 

ma inde r  of t h e  mater ia l  was ex t rac ted  by  a me thod  a l ready  
described 3. This  D N A  was analyzed  by cent r i fugat ion  and  
c h r o m a t o g r a p h y  on DEAE-ceUulose  co lumns  s. 

A paral lel  s tudy  was made  concerning the  effects of  
c i t r a te  on the  synthesis  of endogenous  DNA.  Cut shoots  
were t r ea ted  as described above  excep t  t h a t  the  3H-DNA 
was replaced by  a solut ion of 3H- thymidine  wi th  a s imilar  
specific a c t i v i t y  to t h a t  of the  bacter ia l  3H-DNA. 

The bac ter ia l  D N A  uti l ized in t he  exper iments  was ex- 
t rac ted  by  the  me thod  of M~,RMUR 9 from a thymine- less  
s t ra in  of E. coli (CR 34) which had been cu l tured  on a 
m e d i u m  conta in ing  ~H-thymine.  

As shown in Table  I, shoots p re t rea ted  wi th  c i t ra te  t ake  
up 3-4 t imes  more exogenous  D N A  t h a n  t i le  cont ro l  plants .  
This  resul t  is conf i rmed by  the  au to rad iograph ic  s t u d y  
(Table I I )  where more  labelled nuclei are  found in each 
tissue f rom the  c i t ra te - t rea ted  shoots  t han  the  water -  
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Table I. Radioacti~ ity of tritiated insoluble DNA found in tomatoes (desintegrations]nfin) 

EXPERIENTIA 24/9 

A B 

Control Citrate Control Citrate 
plant treatedplant plant treated plant 

DNA 3H molecules of 500,000 to 1 X 106M 

DNA SH molecules over 1 x 10aM 

845,000 dpm 2,156,000 dpm 133,500 dpm 938,750 dpm 

720,000 dpm 1,796,000 dpm 114,000 dpm 801,500 dpm 

A and B are independent experiments performed with separately isolated extracts of E. coli DNA, A having a higher specific activity than B. 
DNA has been extracted from 3 plants each time. 

Table II. Percentage of labelled nuclei of different tissues, found by 
autoradiography after 15 days exposure 

A B 

Control Citrate Control 
plant treated plant plant 

Citrate 
treatedplant 

Collenchyma 1.3% 14% 0,5% 5% 

Medullar 8.5 % 17 % 4 % 8.5 % 
parenchyma 

Phloem and 10.5% 24.5% 4% 11% 
cambium 

A and B correspond to plants of Table I, 1000 cells of each tissue on 
10 sections were counted, 

t r e a t e d  ones,  t h o u g h  t h e  inc rease  is n o t  t h e  s a m e  for  all  
t issues.  Co l l enchyma,  for  ins t ance ,  h a s  10 t i m e s  as m a n y  
labe l led  nucle i  a f t e r  c i t r a t e  t r e a t m e n t  as a f t e r  w a t e r  t r e a t -  
m e n t ,  whe reas  m e d u l l a r  p a r e n c h y m a  has  mere ly  doub l ed  
t h e  n u m b e r  of labe l led  nucle i  a f t e r  c i t r a t e  t r e a t m e n t .  
Ph loem,  inc lud ing  t h e  c a m b i u m ,  shows a n  increase  of 2-3  
t i m e s  in t h e  n u m b e r  of labe l led  nucle i  a f t e r  c i t r a t e  t r e a t -  
m e n t .  

On  t h e  o t h e r  h a n d ,  p l a n t s  p r e t r e a t e d  w i t h  c i t r a t e  do  n o t  
syn thes i ze  more  D N A  t h a n  t h e  controls ,  n o r  do t h e y  t a k e  
more  3 H - t h y m i d i n e  in  t h e i r  pool.  

F u r t h e r m o r e ,  t h e  q u a n t i t y  of  newly  s yn t he s i zed  D N A  
is sma l l e r  in  al l  cases t h a n  t h e  q u a n t i t y  of  foreign D N A  
t a k e n  u p  b y  t h e  p l a n t  ~. 

C i t r a t e  p r e t r e a t m e n t ,  however ,  does  n o t  a p p e a r  to  a f fec t  
t h e  d e p o l y m e r i z a t i o n  of t h e  b a c t e r i a l  D N A  t r a n s t o c a t e d  
in  t h e  t o m a t o e s ,  t h e  p r o p o r t i o n  of t h e  d i f f e ren t  f r ac t i ons  
b e i n g  s imi la r  in  b o t h  cases (Table  I) .  

T h e  l a rge r  u p t a k e  of  exogenous  D N A  a f t e r  a s o d i u m  
c i t r a t e  t r e a t m e n t  is p r o b a b l y  due  to  a n  increase  of cell 
p e r m e a b i l i t y .  T h e  fac t  t h a t  m o r e  cells a re  labe l led  on  a u t o -  
r a d i o g r a p h s  seems  to  s u p p o r t  t h i s  view.  T h i s  could  b e  due  
t o  a n  inc rease  of p inocytos i s .  I t  is k n o w n  t h a t  a su r face  
a b s o r p t i o n  of cha rged  par t ic les  (Na +, K+) is necessa ry  to  
s t i m u l a t e  t h e  p l a s m a l e m m a  to  i n v a g i n a t e .  So lu t ions  of 
poor ly  d issoc ia ted  molecules  such  as nucle ic  acids  are  n o t  
read i ly  a b s o r b e d  u n l e s s  t h e  necessa ry  i nduce r  ions  a re  
p r e s e n t  1°. S o d i u m  c i t r a t e  b y  a c t i n g  on  b i v a l e n t  ca t ions  
could a c t i v a t e  p inocy tos i s  b y  depress ing  ion compe t i t i on .  

The  pecto-cel lulosic  wal l  seems also to  p l a y  an  i m p o r t a n t  
p a r t  in  D N A  up t ake .  Th i s  is e m p h a s i z e d  b y  t h e  f ac t  t h a t  

t h e  increase  of label led  nucle i  a f t e r  c i t r a t e  t r e a t m e n t  is 
m u c h  h i g h e r  in  c o l l e n c h y m a  t h a n  in  t he  o t h e r  t i ssues  
coun ted .  C o l l e n c h y m a  is a specia l ized s u p p o r t  t i s sue  w i t h  
v e r y  t h i c k  walls.  

S o d i u m  c i t ra te ,  b y  i t s  a c t i o n  o n  ca lc ium,  a n  i m p o r t a n t  
c o n s t i t u e n t  of non-cel lulosic  po lysacchar ides ,  c h a n g e s  t h e  
i n t e g r i t y  of t h e  cell wall,  i nc reas ing  t h u s  w a t e r  exchange ,  
m a k i n g  t h e  cell wai l  a c t  l ike a sponge,  a n d  f ina l ly  m o d i f y i n g  
i t s  ionic  layers .  ( P r e l i m i n a r y  re su l t s  show t h a t  p l a n t s  p re -  
t r e a t e d  w i t h  E D T A ,  0.2 M also t a k e  up  more  foreign DNA.)  

Cu t  shoo ts  g ro~m in  c i t r a t e  t e n d  to  h a v e  d r o o p i n g  s tems.  
I n  ou r  e x p e r i m e n t s ,  howeve r ,  t h e  p l a n t s  r ecove red  quickly ,  
once  p u t  b a c k  i n to  wa te r .  Moreover ,  t h e i r  walls,  c y t o p l a s m  
a n d  nucle i  seem as well  p r e s e r v e d  as  t hose  of t h e  con t ro l  
p l an t s .  

T h e  c i t r a t e  p r e - t r e a t m e n t  ha s  fa i led  to  p r e v e n t  depo ly-  
m e r i z a t i o n  of t h e  t r ans loca t ed ,  exogenous  DNA.  Th i s  m a y  
b e  e x p l a i n e d  in  t h a t ,  a l t h o u g h  s o d i u m  c i t r a t e  inhib i t s .  
n e u t r a l  D N A s e  I, i t  does  no t  i n h i b i t  a n d  m a y  even  s t imu-  
l a t e  t h e  acid D N A s e  I I  w h i c h  occurs  m o r e  c o m m o n l y  in  
p l a n t s  6. I t  is possible,  the re fore ,  t h a t  t h e  d e p o l y m e r i z a t i o n  
obse rved  is due  to  t h e  ac t ion  of D N A s e  I I  in  t h e  c y t o p l a s m  
before  t h e  exogenous  D N A  reaches  t h e  nuclei .  

T h e  fac t  t h a t  c i t r a t e  af fec ts  t h e  t r a n s l o c a t i o n  of foreign 
D N A  w i t h o u t  i n f luenc ing  in t h e  l eas t  t h e  s y n t h e s i s  of 
e n d o g e n o u s  D N A  proves  t h a t  t he  2 p h e n o m e n a  are  dis- 
t i nc t .  

Rdsumd. L 'e f f e t  du  c i t r a t e  de sod ium sur  la t r a n s l a t i o n  
d ' A D N  d 'o r ig ine  b a c t 6 r i e n n e  chez  la  t o m a t e  a 6t6 6 tudi6  
b i o c h i m i q u e m e n t  e t  p a r  a u t o r a d i o g r a p h i e .  Les  p l a n t e s  
p r6 t r a i t 6e s  au  c i t r a t e  p r e n n e n t  p lus  d ' A D N  6 t r a n g e r  que  
les p l a n t e s  t6moins .  E n  r e v a n c h e  le c i t r a t e  n ' a  p a s  d ' e f f e t  
su r  la d6po lym6r i s a t i on  d u  D N A  pris  p a r  la  p l an t e .  Les  
r e l a t ions  e n t r e  ces p h 6 n o m 6 n e s  e t l e s  d i f f6 ren t s  m o d e s  
poss ibles  de  p 6 n 6 t r a t i o n  du  D N A  6 t r a n g e r  s o n t  examin6s .  
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