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glycogen phosphory la t ion  in muscle and the  produc t ion  
of lact ic acid bo th  in muscle and blood. Thus, the  ani- 
mals  were anaes the t ized  wi th  Nembu ta l  50 mg/kg  and 
a sample was e i ther  homogenized  w i t h  6% perchloric 
acid for lact ic acid de te rmina t ion  or ground wi th  sand 
in an ice-cold solut ion conta in ing 3.8% sodium fluoride, 
0 .08M E D T A  p H  7.0 (2 vol. of solut ion/g of muscle) 
for phosphorolysis  assay. The  p H  7.0 ex t rac t  was cen- 

t r i f u g e d  and 0.5 ml  of the  superna tan t  were incuba ted  
for 3 0 m i n  a t  37~ wi th  0 .Sml  of 1% glycogen and 
al iquots  of 0.25 ml  of the  mix tu re  were r emoved  at  dif- 
ferent  t imes  and added to 4 ml  of 10% tr ichloracet ic  
acid. Af ter  centr i fugat ion,  glycogen phosphorolysis  was 
de termined  assaying inorganic  phosphorus  in an a l iquot  
of the  superna tan t ,  according to LOHMAN'S and JENDRAS- 
SlK'S me thod  ~. Al iquots  of blood were also t aken  for 
lact ic acid de terminat ion .  

Af te r  r emova l  of muscle sample and blood, the  anaes- 
the t ized  animals  were in jec ted  wi th  D N P  2.5 rag/100 g 
and were kep t  for 10 rain to pe rmi t  the  drug action. New 

samples of muscle and blood were t aken  and t rea ted  as 
above.  

Table  I I  shows tha t  when the  a m o u n t  of lact ic acid 
was high in blood and muscle, the  glycogen phosphorolysis  
was inhibi ted in muscle. These paral le l  events  s t rongly 
suppor t  our previous  observat ions  1,2. 

Resumen. La fosforilase b del mfisculo esquel6tico es 
inhibida po t  el 2, 4-dinitrofenol,  de acuerdo con nuestras  
observaciones anteriores.  La  fosforilase a no es inhibida  
por  la droga. 
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Stimulation of Lymphocyte Transformation by 1-Fluoro-2,4-Dinitrobenzene 

The addi t ion  of specific antigens to lymphocy tes  in 
v i t ro  s t imulates  the  appearance  of t ransformed cells 1,2. 
However ,  i t  is uncer ta in  whether  the  t ransformat ion  
follows direct  con tac t  be tween  the  ant igen and the  lym- 
phocyte  or is the  ou tcome  of an in te rmedia te  step 
involv ing  e i ther  ant igen and some other  cell such as 
the  macrophage,  or an an t igen-an t ibody  reaction.  

We are inves t iga t ing  the  act ion of ant igen in hyper-  
sensi t iv i ty  using 1-f luoro-2,4-dini trobenzene (FDNB) be- 
cause, in addi t ion  to being a well-established inducer  of 
con tac t  hypersensi t iv i ty ,  this substance r e a c t s  rapidly  
wi th  proteins  to form stable compounds  8. The  identi-  
' f ication of the  cel lular  local izat ion of these compounds  
and thei r  chemical  composi t ion m a y  uncover  the  steps 
in the  deve lopment  of hypersens i t iv i ty ,  and in par t icular  
of delayed hypersens i t iv i ty .  

We  have  found tha t  the  addi t ion  of F D N B  to cultures 
of lymphocytes ,  obta ined  f rom guinea-pigs sensitized to 
the  d in i t rophenyl  moiety ,  is followed by  the  appearance  
of t ransformed cells. 

The  tes t  animals  were ou tbred  female, albino guinea- 
pigs weighing 600-800 g. Sensi t izat ion was induced by  
inject ion into the  nuchal  skin of 40 ~zg 1-chloro-2,4- 
d ini t robenzene dissolved in distilled water ,  i.e. a modi-  
f icat ion of the  me thod  of CHASE 4. 11 days later, the  ani- 
mals were bled under  aseptic condit ions by  severing the  
jugular  vein  and collect ing blood from each an imal  into 
separate,  sterile bott les  conta in ing  glass beads, 3-5 mm in 
diameter .  Af te r  gentle shaking for 5-10 min, the  defibri- 
na ted  blood was t ransferred to fresh bot t les  and to it  
was added 1% Methocel  ( U S P  Grade, Dow Chemicals 
Co.) in 0 . 2 M  phospha te  buffer, p H  7.2 (0.3 ml /ml  blood). 
Af te r  mixing,  the  blood was allowed to sett le for 45 rain 
a t  37~ Sed imenta t ion  resul ted in the  separat ion of a 
layer of leucocyte-enr iched serum. The upper  2/3 of this 
leucocyte  layer  was centr i fuged for 5 min  a t  200 g, the  
superna tan t  r emoved  and the  cells washed twice wi th  
Hanks  solution, wi th  centr i fugat ion between washings. 
The  resul tan t  p repara t ion  of leucocytes consisted of 
97-100% lymphocytes .  The propor t ion  of e ry throcytes  
to leucocytes  in the  prepara t ion  was about  t : 1 .  

E ry th rocy tes  and serum were obta ined  f rom the  re- 
sidual def ibr inated and sedimented  blood by  centr i fu-  
gat ion for 10 rain a t  200 g. The serum was harvested,  
the  remaining leucocytes  discarded and the red cells 
washed twice wi th  Hanks  solution. 

F r o m  the  blood of each of 11 sensitized animals,  3 
sets of dupl icate  leucocyte  cultures were then  prepared.  
The first  set conta ined leucocytes  conjugated  wi th  
F D N B ;  the  second, conjugated  e ry throcytes  and uncon- 
juga ted  leucocytes;  the  third,  unconjuga ted  leucocytes  
and serum to which F D N B  had been added. 

The whi te  and red cells were separa te ly  conjugated  
wi th  F D N B  by  suspension for 30 rain in sodium phos- 
pha te  buffer 0 .2M p H  8.5, ad jus ted  to conta in  10 tzg 
F D N B  per  1 .0-1 .3•  108 cells/ml. Af te r  incubation,  the 
cells were centr i fuged for 5 min at  200 g, the  superna tan t  
discarded and the  cells washed thr ice wi th  Hanks  solution. 
The  leucocytes  were then  suspended (approximate ly  
106 cells) in a cul ture  med ium consisting of 2 ml  Medium 
199 (Commonweal th  Se rum Laboratories ,  Melbourne) 
and 1 ml  autologous serum. Cultures of leucocytes  
f rom unsensit ized guinea-pigs were s imilar ly prepared.  
The  conjugated  e ry throcytes  were mixed  with  an approxi-  
ma te ly  equal  number  of unconjugated,  autologous leuco- 
cytes before being suspended in cul ture  medium.  

Conjugated  serum proteins  were prepared by adding 
sodium phospha te  buffer, 0.2M, p H  8.5, conta in ing 
10 t~g/ml F D N B  to each ml of serum and incuba t ing  
the  mix tu re  for 30 rain a t  37 ~ This  mix ture  was then  
added to Medium 199 in a propor t ion  of 1:2 and used 
to suspend unconjugated ,  autologous leucocytes.  

The Table  summarizes  the  percentage  of t ransformed 
cells appear ing in the  var ious  cultures.  Small  numbers  
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(up to  2%) of t r ans fo rmed  cells appeared  in some, while 
no such ceils were seen in the  r emainder  of tile leucocyte  
cul tures  which  were e i ther  der ived f rom unsensi t ized 
donors  or con ta ined  d in i t ropheny la t ed  e ry th rocy tes  or 
se rum proteins .  

By  contras t ,  t he  cul tures of leucocytes  f rom sensi t ized 
guinea-pigs,  d i rec t ly  exposed to  F D N B ,  con ta ined  8-22% 
t r ans fo rmed  ceils. Whi le  th is  observa t ion  s t rongly  sug- 
gests  t h a t  F D N B  has a specific act ion on sensi t ive cells, 
i t  indica tes  t h a t  ne i ther  e ry th rocy te  nor  serum pro te in  
conjugates  ac t  as t r ans fo rming  agents.  Consequent ly ,  it  
seems mos t  p robab le  t h a t  F D N B  reac ts  d i rec t ly  w i th  
t h e  leucocytes.  Since 97-100% of the  leucocytes  in the  
cul tures  were lymphocy tes ,  i t  seems v i r tua l ly  cer ta in  

t h a t  the  l a t t e r  con t r ibu ted  mos t  of t he  reac t ing  cells. 
Moreover,  t he  high reac t iv i ty  of t he  ha logen- subs t i t u t ed  
d in i t robenzens  s renders  i t  p robab le  t h a t  con juga t ion  
occurs a t  the  cell surface. These cons idera t ions  lead us 
to  suggest  t h a t  t he  first  essent ia l  reac t ion  in t he  induc t ion  
of t r an s fo rma t i o n  in our sys t em is the  un ion  of F D N B ,  
a re la t ively  s imple chemical  substance ,  w i th  t he  com- 
p o n en t s  of t he  cy top lasmic  m e m b r a n e  of the  l ympho-  
cy te  6,7. 

Rdsumd. Les l y m p h o c y t e s  du  sang p6r iph6rique des 
cobayes  sensibilis6s au 1-chloro-2 ,4-dini t robenz6ne on t  
6t6 conjugu6s avec 1-fluoro-2, 4-dini t robenz6ne et  ensui te  
cult iv6s in v i t ro  p e n d a n t  5 jours, ~ pa r t i r  du m o m e n t  
off on a observ6 en cul ture  de 8 -22% de cellules t rans -  
form6es. 
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Lynlphocyte conjugates 11 8-22 
(sensitized donors) 
Lymphocyte conjugates 6 0 
(unsensitized donors) 
Red cell conjugates 11 0 2 
Serum conjugates 11 0-2 

a In cultures 5 days old. 
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Action of S o m e  C o m p o u n d s  on the Adenos ine  Tr iphosphate  Pool  of Streptococcus faecalis 

In  a previous repor t  1, the  act ion of var ious  compounds  
on the  metabol ic  swelling of p ro top las t s  2-4 and on the  
glycolyt ic  ac t iv i ty  of bo th  whole cells and pro top las t s  
of Streptococcus [aecalis was described.  Since the  effect  
of t he  ma jo r i ty  of the  compounds  t e s t ed  on the  swelling 
of p ro top las t s  did not  appear  to  be re la ted  to  the i r  ac t ion 
on the  glycolytic ac t iv i ty ,  the  p resen t  inves t iga t ion  was 
des igned to t e s t  the  act ion of these  compounds  on the  
adenosine  t r i p h o s p h a t e  (ATP) pool of whole cells of 
S./aecalis.  

Material and methods. Aqueous solut ions (20 [xl/ml 
of f inal  suspension medium) were used for glucose 
(11 • 10-aM), 2 ,4-d in i t rophenol  (DNP) (1 • 10-3M), ar- 
senate,  sodium salt  (ARS) (20 • 10-aM), d icumaro l  (DIC) 
(50 • 10-~M), and sodium azide (10 • 10-aM).  E t h a n o l  
(95 ~ solut ions (1 [xl/ml of final suspension medium) were 
used for gramic id in  (GRAM) (22•  o l igomycin  
(OLIG) (15• 10 aM), r u t a m y c i n  (RUT) (100• 10-~M), 
and va l inomyc in  (VAL) (0.35• 10-6M). The above 
figures express  the  molar i t ies  in the  final  suspension 
medium.  

S. [aecalis ATCC 9790 was grown as r epo r t ed  beforeL 
The ceils were ha rves t ed  by  centr i fugat ion,  washed  3 
t imes  wi th  redis t i l led wa te r  and twice  wi th  0 .075M 
po tas s ium phospha te ,  p H  6.2, r e suspended  in a conven ien t  
vo lume of 0 .075M potass iunl  phospha t e  p H  7.2 to  give 
a p ro te in  con t en t  be tween  1.0-1.3 mg/ml ,  and placed in 
a wa te r  b a t h  a t  38 ~ The compound  being t e s t ed  was 
added  first, followed by  glucose 15 min  la ter ;  w i th  GRAM 

the  order  was inver ted  for tile reasons a l ready s t a t ed  1. 
Samples  were collected at  regular  intervals .  To each milli- 
l i ter  of the  sample  50 V1 of 70% perchlor ic  acid were 
added.  The mix tu re  was al lowed to  s t and  for 30 rain a t  
room t empera tu re ,  neut ra l ized  wi th  K O H  and chilled 
in ice. The s u p e r n a t a n t s  collected af ter  cen t r i fuga t ion  a t  
3000 r .p .m,  for 15 rain, d i lu ted  as needed,  were used for 
t he  assay of A T P  using the  firefly luminescence tech-  
nique 5. F i ref ly  ex t r ac t  was p repa red  f rom fireflies desic- 
ca ted  tails, according to  FRANZEN and  BINKLIgY 6. Lact ic  
acid was assayed using the  Sigma Chemical  Co. set, since 
in S. /aecalis all the  lact ic  acid p roduced  f rom glucose 
is L(+)  7 
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