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tha l amic  mechan i sm and could therefore  be a t t r i bu t ed  
only to the  cortex.  

The  faci l i ta ted t ransmiss ion of the  ascending impulses  
in the  vent ro-pos tero- la te ra l  nucleus of the  tha l amus  
could be accounted for e i ther  by  a funct ional  depression of 
s t ructures  control l ing the  t ransmiss ion  of the  cen t r ipe ta l  
volley dur ing l ight  sleep or  by  the  in te rven t ion  of mechan-  
isms ac t ive ly  faci l i ta t ing the  t ransmiss ion of the  impulses  
in the  tha lamus  dur ing deep sleep. 

Riassunto. Le risposte cort ical i  evoca te  da  s t imoli  
somatici ,  sia periferici  che centrali ,  a u m e n t a n o  di am-  

piezza duran te  il sonuo profondo.  Tale  amplif icazione 
dovuta ,  a lmeno in parte,  ad una  faci l i ta ta  t rasmissione 
degli impulsi  ascendent i  a livello del nucleo vent ro-  
pos tero- la tera le  del ta lamo.  

E.  FAVALE, C. LOEB, a n d M .  MANFREDI 

Clinica delle ]tlalatlie Nervose e Mentali, Istituto di Fisica 
(Gruppo di Cibernetica del C.N.R.),  Universit& di Geneva 
(Italy), December 3, 1962. 

b - N u c l e i c  A c i d ,  a n d  t h e  I n i t i a l  S t e p  

o f  D e o x y r i b o n u c l e i c  A c i d - D e g r a d a t i o n  
b y  D e o x y r i b o n u c l e a s e  I 

In  1935, FEULGEN 1 observed t h a t  the  solut ion of D N A  2 
prepared  according to his own me thod  3 was strongly~ 
l iquefied by  the  act ion of pancrea t in  w i thou t  t he  l ibera- 
t ion of purines  and phosphates ,  and the  react ion product ,  
which was obta ined  in h igh  yield, ye t  ma in ta ined  near ly  
the  same aeid-precip i tabi l i ty  as t h a t  of the  pa ren t  D N A :  
He  called this subs tance  b-nucleic acid, and the  enzyme  
concerned nucleogelase.  

F o r  some t ime  we have  also s tud ied  the nueleogelase 
react ion and  ob ta ined  the  following results. To 0.4 ml  of 
1% solut ion of Feulgen ' s  D N A  in M/10 ace ta te  buffer  
(pH 6.0) was added 0.1 ml  of enzyme  solutions of var ious  
act iv i t ies  by  ex t rac t ing  NBC's  pancrea t in  wi th  water,- and 
the  viscosi ty  change of the  reac t ion  mix tu r e  was observed.  
The  re la t ive  v iscos i ty  which was a t  first  ca. 4, dropped 
to the f inal  va lue  of ca. 1.2 af ter  var ious  t ime  passages, 
according to t he  concent ra t ions  of nucleogelase.  An ali- 
q u o t  of the  react ion mix tu r e  was poured into  30 vol of 
cold 0 .25N He1 and the  resu l t an t  p rec ip i t a te  was dis- 
solved in M/15 Na2HPO4; then  an a l iquot  of this solut ion 
was subjec ted  to paper  electrophoresis  (200 V, 4 mA,  the  
cur ren t  flow last ing 2 h, t he  e lec t ro ly te  solut ion used 
being M/50 ace ta te  buffer  of p H  5.0). Af te r  the  finish the  
pape r  was observed wi th  minera l igh t  Model  SL 2537. 
The  or iginal  D N A  of FEULGEN did no t  move  f rom the  
s ta r t ing  line, while  b-acid showed a c i rcumscr ibed sharp  
shadow hav ing  a fair ly large migra t ion  rate.  In  accordance 
wi th  the  drop in t he  v iscos i ty  of the  react ion mix tu r e  t he  
spot  of t he  original  D N A  detec tab le  b y  paper  electro- 
phoresis d iminished rapidly,  while t h a t  of b-acid increased 
quickly.  W h e n  crystal l ine DNase  1 was used instead oI 
pancrea t in  w i thou t  Mg++, the  same e lec t rophore t ic  pa t -  
tern as above  was observed,  suggest ing t h a t  FEULGEN'S 
nucleogelase migh t  be t he  same enzyme  wi th  DNase  1. 
Therefore,  more  detai led compar isons  of t he  two enzymes  
were carried ou t  as follows. A solut ion of DNase  1 and the  
nucleogelase solut ion prepared  as described above  were 
f ract ionated wi th  a m m o n i u m  sulphate,  and eve ry  f ract ion 
of both  enzymes  was compared  in DNA-l iquefy ing  ac t iv-  
i ty.  As indicated in F igure  1 (a), t he  enzyme  ac t iv i ty  in 
bo th  cases was found to be concen t ra ted  on the  f ract ion 
be tween  57 and 71% a m m o n i u m  sulphate  sa tura t ion.  As 
the  nex t  step, the  b-ac id-decomposing a c t i v i t y  of nucleo- 
gelase was compared  wi th  t h a t  of DNase.  

To 1% solution of FEULGEN'S D N A  dissolved in 21,1/10 
aceta te  buffer of p H  6.0 was added  each of the  fol lowing 
solutions containing,  in l iquefying ac t iv i ty  order,  DNase  
1(10 ~/ml) > pancreat in  ex t rac t  > DNase  1(5 y/ml) re- 

spect ively.  Af te r  incubat ion,  an a l iquo t  was t aken  f rom 
each react ion mix tu re  and poured into  30 vol  of 0 .25N 
HC1 and centr ifuged.  The  supe rna t an t  solut ion was in- 
ves t iga ted  for its l ight  absorbency  a t  260 m/z in order  to  
es t imate  the  degrada t ion  of b-acid. As indica ted  in F igure  
l (b) ,  no difference was seen be tween  the  b-ac id  decom- 
posing ac t !v i ty  of nucleogelase and t h a t  of  DNase  1. 
Fur thermore ,  the  p H - a c t i v a t i o n  curve  of l iquefy ing  
ac t i v i t y  (product ion of b-acid) and t h a t  of b-acid decom- 
posing were compared  be tween  these  two enzymes.  F o r  
this  purpose,  D N A  or b-nucleic acid was dissolved to 1% 
in phospha te  buffer  of var ious  p H ' s  as indica ted  in F igure  
1 (c), and to this solut ion was added  nucleogelase solut ion 
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x R. FEt~LGE~, Z. physiol. Chem. 237, 261 (1935). 
Abbreviations: DNA, deoxyribonucleic acid; DNase 1, deoxyribo- 
nuclease 1 ; NBC, Nutritional Biochemicals Corporation, Cleveland, 
Ohio; OD, optical density; P, phosphate. 

a R. FEULGEN, Z. physiol. Chem. 90, 261 (1914). 
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( t h e  fraction precipitated by 57-71% ammonium sulphate 
saturation) or DNase 1 solution. As the viscosity-lowering 
act ivi ty varied with the pH  changes, it was expressed by 
the percentage of difference of the relative viscosities 
between 1% original DNA and 1% purified b-acid solu- 
tion at various pH's  (Figure 1 (c-M)). 

As indicated in Figure 1 (c-M) the pH-opt inmm of the 
viscosity-lowering act ivi ty was 7 in both cases and that  
of the b-acid decomposing act ivi ty (Figure 1 (c-L)) existed 
at 6.0-6.5 in both cases. 

Next, we pursued the process of DNA degradation by 
DNase 1 by determining the acid-soluble P, the acid- 
precipitable P, the residual DNA and the produced b-acid. 
To 1% DNA solution in 2YI/lO acetate buffer (pH 6.0) was 
added 1/~ vol of DNase 1 solution (final concentration of 
crystalline DNase was 2 ?/ml). At  various intervals of 
incubation an aliquot was taken, and the acid-soluble and 
precipitable P were estimated by ALLEN'S method*. The 
acid-precipitabte part  was subjected to paper electro- 
phoresis as described above, and the resultant spots of 
DNA and b-acid were Muted by heating with M / 1 5  
Na~HPO, solution and used for measuring their light 
absorbency at 260 nip. As demonstrated in Figure 2, the 
original DNA decreased rapidly coincidentally with the 
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prompt lowering of viscosity and disappeared after 2 h, 
while b-acid increased rapidly and then decreased very 
slowly. Concurrently with this phenomenon the acid- 
soluble P increased very slowly and the acid-precipitable 
P decreased at the same rate. Anyhow, it is due to the 
fact that  the production of b-acid is rapid, whereas the 
degradation of b-acid is very slow, tha t  the main product 
in both cases of pancreatin and DNase 1 is b-acid. When 
Mg ++ was added to the reaction system the pat tern of the 
DNA-degradation changed completely, the accumulation 
of b-acid being scarcely observed. This fact seemed to in- 
dicate tha t  the effect of Mg ¢+ on DNase 1 exists in a 
strong activation of b-acid degradation. In fact, it was 
confirmed that  the enzymic hydrolysis of b-acid was stron- 
gly- accelerated by the addition of Mg++. 

500 mg of FEULGEI~'S DNA were incubated with 250 y 
of crystalline DNase i at  37°C under almost the same 
conditions as mentioned above, and precipitated by the 
addition of hydrochloric acid. The precipitate obtained 

was dissolved in 1% sodium acetate, filtered and again 
precipitated with alcohol; 320 mg of b-nucleic acid were 
obtained. The acid was shown to contain no more original 
DNA and could not be distinguished from b-acid prepared 
by degrading DNA with the extract  of pancreatin, judging 
from the electrophoretic pattern and other tests. 

In order to investigate the molecular weights and 
molecular sizes of b-acid and Feulgen's DNA, b-acid 
prepared from Feulgen's DNA by treat ing with pan- 
ereatin and Feulgen's DNA, after they were purified by 
Sevag's method, were subjected to ultracentrifugation, 
diffusion and light-scattering: b-acid So, 3.5 × 10 -13 Do, 
3.25×10-~; DNA So, 28 .8×I0  -~3 Do, 0 .2×10-L  From 
these constants were calculated molecular weights for 
b-acid and FEULGEN'S DNA to be 6 × 104 and 700 × 104 
respectively. Based on the ultracentrifugal and diffusion 
patterns, it could be imagined tha t  b-acid had a more 
uniform shape than the parent DNA. Molecular sizes (end 
to end distance) were 600~ and 3000_k_ respectively. F rom 
these facts it can be conceived that  FEULGEN'S DNA is 
degraded by the action of nucleogelase or DNase 1 into 
about 1/100 of the original DNA. Contrary to their  
relatively large molecular weights, their intrinsic vis- 
cosities were rather small, especially in the case of 
FEULGEN'S DNA, that  is, 0.26 and 2.5 respectively. 
HERMANNS s has found likewise a small intrinsic viscosity 
for a heat-denatured DNA derived from a high-molecular 
one having a large intrinsic viscosity. In order to know 
whether nucleic acid samples concerned in this s tudy 
were double-stranded or single-stranded, they were dis- 
solved in a solution containing 0.15M NaCI and 0.015M 
sodium citrate, and the light absorbency at  260m/z of the 
solutions at various temperatures (T) were measured to 
see the relation ~ of the increase in the ratio of ODT/OD25oc 
to the temperature; and furthermore the increase 7 in 
OD260m/~ by the action of formaldehyde upon DNA were 
investigated. 
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* R.J .L .  ALLEN, Biochem. J. 34, 858 (19.10). 
J . J. HER~tA~ ss, Solution Properties o/ Deoxyribonucleic A cid (1958 ), 
p. 75. 
P. DOTY, H. BOEDTKER, J. R. 12RESCO, I{. HASELKORN, and 
M. LtTT, Prec. nat. Acad. Sci. 45, 482 (1959). 
H. FRAENKEL-CoNRAT, Biochim. biophys. Acta 15, 307 (1954). 



194 Br~ves communications - Kurze Mitteilungen EXIPIERIENTIA XlX[4 

As shown in Figure  3, a sample  of D N A  prepared  
according to  GULLANDS belonged to the  double-s t randed  
t y p e  of WATSoN-CRIcK, whereas  the  hea t -dena tu red  D N A  
der ived f rom GULLAND'S D N A  belonged to  the  single- 
s t randed type.  The  same  inves t iga t ion  was carr ied ou t  on 
FEULGEN'S D N A  and  b-nucleic  acid, and clarified the  fact  
t h a t  these acids  were  bo th  s ingle-s t randed ones as indi-  
ca ted  in F igure  3. 

GULLANI)'S D N A  was  conver ted  to  b-acid  more  slowly 
t h a n  FEULGEN'S DNA.  Ful l  par t iculars  will be  repor ted  
l a te r  elsewhere L 

Zusammen/assung. FEULGEN land, dass die Degrada-  
t ion der  Desoxyr ibonukle insgure  durch  Pankrea t i n  keine 
Mononucleot ide  bi ldete ,  j edoch  auf  der  Stufe  der  Oligo- 
nucleot ide  (b-Nuldeins~ure) blieb. I n  dieser Mit te i lung 
wird die b-S~ture mi t  dem ersten Degrada t ionsp roduk t  

ident if izier t ,  welches aus Nukleins~iure un te r  E inwi rkung  
yon DNase  1 gebi ldet  wird,  und  der  Ver lauf  der  Nu-  
k le ins~ure-Degradat ion  wird ausfi ihrl ich verfolgt .  

IV[. I~ATSUDA, K.  MAKINO, 
~ .  YAMASAKI, and  M. T s u j I  

Department o! Biochemistry, Jikei University School o/ 
Medicine, Shiba, Minatoku, Tokyo (Japan), 
October 79, 7962. 

S j .  M. GULLAND, D. O. JORDAN, and C. J. THRELFALL, J. chem. 
See. 1947, 1129. 

a The authors are grateful to Dr. A. WAnA, Ochanomizu University, 
to Dr. K. KVRmARA, Tokyo Institute Of Technology, and to Dr. S. 
MATSVNAKA, National Institute of Agricultural Sciences for the 
estimation with light scattering, diffusion and sedimentation. 

Influence of Cysteine on the Light Product ion 
Rate of the Crustacean Cypridina Luciferin- 

Luciferase Sys t em 

Cysteine is a wel l  known rad ia t ion  pro tec t ion  substance.  
However ,  n o t  m u c h  is known a b o u t  i ts  effect  on  the  
ma te r i a l  i t  protects .  The  l ight  emi t t i ng  enzyme-subs t ra t e  
(luciferase-luciierin) sys tem,  ob ta ined  f rom the  small  
os t racod c rus tacean  Cypridina,  p rovides  a good med ia  to  
s t udy  this  effect.  

The  isolat ion of pure,  crysta l l ine  luciferin f rom the  
Cypr id ina  ~ and i ts  s t ruc tu re  -° h a v e  been  repor t ed  pre-  
viously.  Lucifer in  was dissolved in m e t h y l  alcohol  (0.1 
mg/ml)  because i t  is re la t ive ly  s table  in t h a t  solution.  The  
cys te ine  solut ion consis ted of cys te ine  HC1, dissolved in 
0.1 M phospha te  buffer,  to produce  concent ra t ions  va ry -  
ing be tween  0 and 4 .65M.  

A few minu tes  before the  tes t  for l ight  emission, 25 2 
of cys te ine  solut ion were  added  to  25 2 of the  methanol ic  
luciferin solution,  and the  mix tu r e  was b rough t  to 10 ml  
wi th  0.1 M phospha te  buffer  mak ing  a final  concent ra t ion  
of 0.25/~g/mh 

Luciferase  was dissolved in 0 . 1 M  phospha te  buffer  to 
produce  a concen t ra t ion  of 0.1 mg/ml .  25 2 of cyste ine 
solut ion were added  to 25 2 of th is  enzyme  solution. 
However ,  exper iments  showed t h a t  w i th  cyste ine con- 
cent ra t ions  above  0 .16M, the  f lash-height  peak  dropped  
v e r y  sharply  to abou t  zero, due to  a change in p H  which  
des t royed the  enzyme.  To  avo id  this  enzyme  des t ruct ion ,  
10 ml  of phospha t e  bu t le r  were added  to  25 2 of buffered 
luciferase solut ion before add ing  the  cys te ine  solution.  
This  min imized  the  p H  change.  

I n  these exper iments  an  R C A  Type  6217 P h o t o t u b e  
wi th  a range of  h ighes t  response f rom 3500 to  6000 A and  
a Mosetey X - Y  Char t  Recorder  were  used. The  nega t ive  
vol tage  to the  p h o t o t u b e  was ob ta ined  f rom a Baird-  
Atomic  Model  312A Super -S tab le  High  Vol tage Supply.  
The  pho to tube  as well as a t e s t  tube  wi th  a f ixed geome t ry  
re la t ive  to the  pho to tube  were in a l igh t - t igh t  box.  

Firs t ,  10 ml  of t he  buffered luciferin solut ion were 
poured into this  tes t  tube.  The  react ion was then  ini- 
t i a ted  by  inject ing rapidly,  wi th  a h y p o d e r m i c  syringe, 
10 ml  of the  0.25/~g/ml buffered luciferase solution. 

The  f lash-height  peak  dis t r ibut ion  as a funct ion  of the  
cyste ine concent ra t ion  is shown in F igure  1. The  peak  
heights  increase wi th  increasing cysteine concentrat ions .  
Using a 4 . 6 5 M  cysteine solution, this  increase is abou t  

39~o compared  wi th  the  control .  The  peak  he igh t  de- 
creases marked ly ,  however ,  if t he  p H  of the  luciferase 
solut ion is decreased b y  cyste ine as shown in F igure  1 
(broken line). The  p H  values  of these solut ions were 
measured  grossly using Fisher  Atkacid Tes te r  Paper .  
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Fig. 1. Flash-height peaks of the Cypridina luciferase-luciferin sy- 
stem as a function of the cysteine concentration. 

S imi la r  results  were  ob ta ined  for t he  slope and the  
to t a l  l ight  emi t t ed  ( that  is, a rea  under  the  curve).  The  
f lash-height  peak  wid th  remains  cons tan t ;  however ,  i t  
increased t r emendous ly  (from abou t  1 to  18 cm) when  25 2 
of cyste ine (0.35M) were  added  to 25 2 of luciterase solu- 
t ion  as shown in Figure  2. 

An increase in l ight  in tens i ty  was observed recent ly  by  
AIRTH e t  al. a a f te r  t he  add i t ion  of CoA to  t he  reac t ion  
mix tu r e  of t he  f irefly sys tem (tuciferase, luciferin, A T P ,  
glycyl-glycine,  and MgSO4). This  increase was d i rec t ly  
p ropor t iona l  to  t h e  CoA concent ra t ion .  However ,  the  
rise in the  l ight  in tens i ty  could be  observed  on ly  when 
CoA was added  to the  reac t ion  mix tu re  Mter  t he  inhibi-  
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