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se lec ted  e t h a n o l  as  s t a n d a r d  s ince t h e  effects  of i n t r a -  
mo lecu l a r  c h e l a t i o n  a re  m i n i m i s e d  in  t h i s  m e d i u m  for  t he  
p a r t i c u l a r  a b s o r p t i o n  b a n d  u n d e r  r e v i e w L  

W e  i l l u s t r a t e  t h e  use  a n d  scope  of t h e  m e t h o d  b y  some 
e x a m p l e s  of v a r y i n g  com pl ex i t y .  

Example  1. Methyl  6-raethylsalicylate (I) 

OH 

~l/ CO2Me 2*hl c = 230 + 7(ortho-OH) 
+ 3(ortho-Alk) 

= 240 mix 
" ~ / " M e  2*ob s = 244 mix (e 10000) 9 

(I) 

E x t e n s i o n  to  benzon i t r i l e  b y  us ing  t h e  basic  v a l u e  of 
224 my. for  t h i s  s y s t e m  revea l s  t h a t  t h e  i n c r e m e n t s  in  
T a b l e  I I  m a y  be  t r a n s p o s e d  to  c e r t a i n  o t h e r  series, e.g. 
p - a m i n o b e n z o n i t r i l e  h a s  2e~te 279 mix a n d  a b s o r b s  a t  
277.5 m ~  (E 24 0 0 0 ) x ,  Comple t e  de ta i l s  of t h i s  s u r v e y  will 
a p p e a r  e lsewhere .  

Zusammen/assung." Eine  a l lgemeine  M e t h o d e  fiir die 
B e r e c h n u n g  de r  H a u p t a b s o r p t i o n s b a n d e  benzo l i scher  
C a r b o n y l v e r b i n d u n g e n  wi rd  zur  Diskuss ion  gestel l t .  

A. I. SCOTT 

Chemistry Department, The University, Glasgow (Great 
Britain), October 17, 7960. 

Example  2. Gallic acid (It) 

HO . ~ . . . ] / C O ~ H  I [ Z*eale = 230 ++ 252 X(para.OH)7(meta-OH's) 

= 269 mix 
H O / ) / ~  2*oh s = 270 my. (~ 8000) l0 

HO 

(ii) 

Example  3. p-Acetylamino methy l  benzoate (III) 
I ~  " ~ / C O 2 M e  

2*cale = 275 my- 
2*obs = 274 my- (e 15000) ix 

AcH 
(III) 

Example  4. 4-Bromo-7-methyl indanone (IV) 

g r  
I 2*cale = 246 + 3(ortho-Me) 

~ . f ~ %  + 3 (ortho-ring 
residue) + 2(meta-Br) 

" ~ / ~ , , /  = 254 mix 
1 tl 1*oh s = 254 mix (e 10000)1~ 

Me O 

(Iv) 

Example  5- 6-Hydroxy-4-methoxycoumaranone (V) 

H O ~ . ~ ' - ~ . / O ~ I  [] ~'*calc = 246 + 14(2 × ortho-OR) 

1 " ~ ' ~ 1 /  = 285 mix+ 25(para-OH) 

OMe O 2*oh s = 284 mix (e 22500) x~ 

{v) 

Example  6. E thy l  4-methyl-5-chloro-8-hydroxy-tetralone-3- 
carboxyla te  (VI) 

CI Me 

~ S ~ . / C O 2  E t  2*tale = 256 mix 
2*ob s 257 mix (e 8000) 1~ 

I II 
OH O 

(v i )  

Correlation involving the less intense E.T. band of the ortho- 
disubstituted series on changing from hydrocarbon to hydroxylic' 
solvent have already provided useful information in natural 
product studies [e .g .L .H.  CONOVER, Chem. Soe. Special Publi- 
cations 5, 48 (1956). - R. A. MORTO~ and A. L. STUMPS, J. chem. 
Soc. 1940, 1347]. 

s 2* = 2ma x in EtOH. 
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I n h i b i t i o n  o f  T y r o s i n a s e  a n d  U r i c a s e  A c t i v i t y  
b y  U l t r a v i o l e t  R a d i a t i o n  

R e c e n t  s tud ies  f rom th i s  l a b o r a t o r y  h a v e  s h o w n  t h a t  
u l t r a v i o l e t  (UV) r a d i a t i o n  a t  2537 )k was  c a p a b l e  of 
d e s t r o y i n g  b o t h  t he  in vitro ox idase  a c t i v i t y  of s e r u m  as 
wel l  as  t h e  o x i d a t i v e  a c t i v i t y  of t h e  coppe r  p r o t e i n  cerulo-  
p l a s m i n ' , %  T h e  l a t t e r  is t h e  c o m p o n e n t  of s e r u m  t h o u g h t  
to  be  respons ib le  for t he  ox idase  ac t iv i ty .  F u r t h e r m o r e ,  
t he  l o g a r i t h m  of t h e  r e l a t ive  e n z y m e  a c t i v i t y  was found  
to  be  p r o p o r t i o n a l  to  t he  i n c i d e n t  ene rgy  of t h e  U V  
r a d i a t i o n  w i t h i n  t h e  r a n g e  s tud ied .  I t  was  also found  t h a t  
as t h e  ox idase  a c t i v i t y  fell w i t h  inc reas ing  dose of U V  
rad i a t i on ,  t h e  b o u n d  c o p p e r  c o n t e n t  8,4 of t he  cerulo-  
p l a s m i n  a n d  s e r u m  samples  decreased  whi le  t h e  d i rec t -  
r e a d i n g  c o p p e r  c o n t e n t  ~ of t h e  samples  increased.  Severa l  
o t h e r  c o p p e r  e n z y m e s  were  s tud ied  to  see a) wha t ,  if any ,  
is t h e  ef fec t  of U V  i r r a d i a t i o n  o n  t h e m  a n d  b) if t h e r e  was  
a n  ef fec t  o n  t he  ac t i v i t y ,  d id  a r e l a t i onsh ip  ex i s t  b e t w e e n  
loss of e n z y m a t i c  a c t i v i t y  a n d  ' b o u n d '  coppe r  c o n t e n t  of 
t he  samples .  T h e  t h r e e  coppe r  enzymes  chosen  for  s t u d y  
were uricase,  p l a n t  t y ros inase  and  m a m m a l i a n  ty ros inase .  

P l a n t  t y ros inase  used in th i s  s t u d y  was a W o r t h i n g t o n  
lyophi l ized p r e p a r a t i o n  f rom m u s h r o o m s .  Ur icase  was  t he  
W o r t h i n g t o n  p o w d e r  p r e p a r a t i o n .  M a m m a l i a n  t y r o s i n a s e  
was  p r e p a r e d  as a c rude  e x t r a c t  s f r om H a r d i n g - P a s s e y  

Example  7. 2 ,6-Dihydroxy-3-methyl-4-ethoxybenzaldehyde 
(VII) 

CHO 

/ O H  %*calc ~ 292 mix 
HO [. U ~  " ~ j  2*obs = 2 9 5 m i x ( e 2 1 9 5 0 )  1' 

I Me 
OEt  

(VII) 

1 M. H. APRISON and K. M. HANSON, Proe. Soc. exp. Biol., N.Y., 100, 
643 (1959). 
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Fig. I. Effect of UV light (2587 A) upon the activity of uricase, plant 
tyrosinase and mouse melanoma extract (mammalian tyrosinase) 
exposed to irradiation at 0°C. Ordinate: Relative activity (A% = 

AIAo) ; abscissa: UV dose expressed as ergs/mm 2. 
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Fig. 2. Effect of UV light (~537 A) on the activity of plant tyrosinase 
as assayed against L-DOPA and L-tyrosine. Optimum substrates 
concentrations were employed. Coordinates are the same as in Fig. 1. 

mouse  melanomas  grown in B A L B / c  s t ra in  mice ob ta ined  
f rom the  Roscoe B. Jackson  Memoria l  Labora to ry .  

Tyrosinase  was assayed agains t  L-tyrosine and L-di- 
hyd roxypheny la l an ine  (DOPA),  while uric acid was the  
subs t ra te  for uricase. All assays were carr ied ou t  a t  con-  
s t an t  t e m p e r a t u r e  (37°C) in a B e c k m a n  Spec t rophoto-  
me te r  equipped wi th  thermospacers ,  fol lowing the  methods  
out l ined by  WORTI-IINOTON 6 wi th  s l ight  modif icat ions .  
These invo lved  runn ing  the  assay s a t  condi t ions  of 
o p t i m u m  subs t ra te  and  pH.  Tyrosinas& oxidizes i t s  
subs t ra tes  to an  o-quinone which can be measured  by  an  
increase in opt ica l  dens i ty  a t  280 inV. Uricase conver t s  
uric acid to  a l lantoin  wi th  a resul t ing decrease in opt ical  
dens i ty  a t  290 m~, a wave l eng th  a t  which a l tantoin  shows 
no absorpt ion.  

The  enzyme  prepara t ions  were i r rad ia ted  in a Pe t r i  dish 
5 cm in d iamete r  and set  in a stainless steel  wa te r  bath.  
Ice  wa te r  a t  0°C and no t  va ry ing  more  t h a n  0.1°C was 
cont inua l ly  c i rcu la t ing  th rough  t h e  wa te r  ba th .  Af te r  
t e m p e r a t u r e  equi l ib ra t ion  was established,  t he  sample  
was exposed to the  U V  rad ia t ion  for a def ini te  length  of 
t ime.  The  U V  source was a Minera l ight  u l t rav io le t  lamp,  
Model  V-41 (Ul t rav io le t  Products ,  San Gabriel ,  Califor- 
nia), and was m o u n t e d  above  the  enzyme  prepara t ions  in 
such a w a y  t h a t  i t  could be moved  in the  ver t ica l  or  
hor izonta l  direct ion.  The  in tens i ty  of rad ia t ion  s t r iking 
the  so lu t i on  was (1.63 -t- 0.09) × 10 ~ e rg s /mm ~ as deter-  
mined  by  the  u rany loxa l a t e  ac t inomet r i c  m e t h o d  7. The  
va lue  of the  q u a n t u m  yield used in t he  calcula t ions  was 
0.608 . 

To t a l  copper  and d i rec t - reading copper  de te rmina t ions  
were m a d e  by  the  m e t h o d  of GUBLER et  al. ~'4. Bound  
copper  con ten t  was de te rmined  as the  difference be tween  
to ta l  copper  and  d i rec t - reading copper.  

The  effect  of UV i r radia t ion  on uricase, p lan t  tyros inase  
and m a m m a l i a n  tyros inase  is shown in F igure  1, The  
logar i thm O f the  re la t ive  enzyma t i c  ac t iv i ty  (ordinate) is 
p lo t t ed  agains t  t he  corresponding dose of U V  i r rad ia t ion  
(abscissa). The  a c t i v i t y  of each enzyme  was reduced  when  
subjec ted  to va ry ing  amoun t s  of UV rad ia t ion  a t  2537 J]k. 
The  logar i thm of the  re la t ive  a c t i v i t y  was propor t iona l  to 
the  inc ident  energy  wi th in  the  expe r imen ta l  error. Mathe-  
mat ica l ly ,  t he  resul ts  m a y  be represented  by  equa t ion  (1) : 

A = A o e -kD (1) 

where  A is the  enzymat ic  a c t i v i t y  af ter  a U V  dose D 
(ergs/mm~), A 0 is the  enzymat i c  a c t i v i t y  of t he  control  or  
noni r rad ia ted  sample,  and k is a constant .  The  ra t io  A/Aa 
is the  re la t ive  ac t iv i ty .  

I n  F igure  2, the  effect  of increasing doses of U V  
i r rad ia t ion  2537 ]k on p lan t  tyrosinase ac t i v i t y  as assayed 
wi th  two di f ferent  subst ra tes  is shown. The  d a t a  in t he  
upper  cu rve  were  ob ta ined  using L-DOPA (2.5 × 10-3M) 
while the  lower curve  gives resul ts  using L-tyrosine 
(1.3 × 10-SM). These subs t ra te  concent ra t ions  were found 
to be op t ima l  wi th  the  former  being abou t  twice  t he  
la t ter .  The  regression coefficient  of t he  L-tyrosine cu rve  is 
0.063, app rox ima te ly  twice  t h a t  Ior t he  L -DOPA cu rve  
which  is 0.027. Thus  the  inh ib i t ion  of the  tyros inase  
ac t i v i t y  as assayed agains t  L-DOPA is only  abou t  one half  
t h a t  seen when  L-tyrosine is used. This  m a y  be  due to t h e  

e C. C. WORTm~GTO~, Worthington Enzymes, Descriptive Manual 
No. 9, p. 36 ('1957). 

7 F. DArnELS, J. H. MATHEWS, and J. W. WZLLIAMS, Experimental 
Physical Chemistry (McGraw-Hill, New York 1941), p. 274. 

e W. G. LEm)tTO~" and G. S. FORBES, J. Amer. chem. Soc. 52, 3139 
(19~0). 

9 H. R. MAHLER, G. HIrBSCHER, and H. BAU~I, J. biol. Chem. 916, 
6~5 (195~). 
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fac t  t h a t  since b o t h  steps in the  react ion,  tyros ine  to  
D O P A  and D O P A  to o-quinone,  are under  the  influence 
of the  single enzyme,  tyrosinase,  there  is appa ren t ly  
double  inhibi t ion when the  p r imary  substrate ,  tyrosine,  is 
used. 

W h e n  the  two copper  me thods  used prev ious ly  wi th  
se rum and  purif ied ceruloplasmin (50%) were employed  
on the  samples  conta in ing  the  tyros inase  and uriease 
p repa ra t ions  to  cletermine if copper  to  prote in  l inkages 
were  rup tured ,  clear  cu t  results  were  n o t  obtained.  This  is 
now unders t andab le  since MAFILER e t  al. ~ h a v e  shown 
t h a t  in t he  case of uricase, t he  comple:~ing or color  reagen t  
d i e thy td i th ioca rbamate  will  r eac t  wi th  copper  in this  
sys tem regardless of  i ts  s ta te  in the  pro te in  molecule.  This  
is p robab ly  also t rue  for tyrosinase.  Therefore,  the  i rradi-  
a ted  uricase and tyros inase  samples  were d ia lyzed in order  
to  see if  a n y  ' u n b o u n d '  copper  would  pass t h rough  the  
membrane .  As seen fronx the  d a t a  on Tab le  I,  copper  ions 
could  pass  t h rough  the  m e m b r a n e  used in t h e  dialysis 
procedure .  However ,  the  nricase a c t i v i t y  was lost  when  
the  p repara t ion  was sub jec ted  to this  t r ea tmen t .  F u r t h e r  
a t t e m p t s  to  cor re la te  the  loss of  enzymat i c  a c t i v i t y  wi th  
a n y  change  in copper  con ten t  or  s ta te  were unsuccessful.  

I n  t he  case of  p l an t  tyrosinase,  the  d i l emma could be 
c i r cumven ted  since the  enzyme  was on ly  s l ight ly  in- 
ac t i va t ed  a f te r  dialysis. Therefore ,  af ter  i rradiat ion,  
samples  sub jec ted  to  d i f ferent  amoun t s  of U V  radiat ion,  
as well  as a control ,  were  dials}zed agains t  copper-free 
dist i l led wa te r  a t  4°C. I f  copper  was r emoved  or  released 
f rom the  bound  si te  in the  prote in  molecule dur ing  U V  
irradiat ion,  this  a m o u n t  of  copper  would  pass th rough  the  
m e m b r a n e  and into the  copper-free wa te r  on the  outside.  
Therefore,  a f te r  24 h, the  dia lyzed ma te r i a l  in the  bags 
was r emoved  and again assayed for oxidase a c t i v i t y  and 
to t a l  copper  content .  These da t a  are g iven in Table  I I  and 

Tab. I. Effect of dial ,sis on a solution of CuSO, • (unbound copper) 

Time of dialysis Copper concentration % lost 
(h) ([zg/100 nil} due to dialysis 

0 200 0 
5.5 14 93 

24.0 3 99 

5 ml samples of copper sulfate solution were used. Dialysis 
was done at 4°C against copper free water. 

Tab. II. Effect of dialysis on copper content of UV irradiated plant 
tyrosinase solutions 

UV dose Dialysis Enzymatic Copper 
activity content 

(ergs/mm ~) time (h) (OD/min) ([zg/100 ml) 

0 
0 

48.9 × I04 
97.8 × 104 

146.7 x 10 ~ 

0 
24 
24 
24 
24 

0.0876 
0.0825 
0.0535 
0.0381 
0.0274 

170 
125 
136 
122 
136 

s 5 ml samples of plant tyrosinase (4 mg/ml protein} were 
irradiated and subsequently dialyzed against copper4ree 
distilled water (4 ° C). Approximately 40 {xg[100 ml of direct 
reading or 'unbound' copper is present; copper content of. 
the samples does not increase with UV irradiation. 

are cor rec ted  for the  sl ight  increase in vo lume  due to 
dialysis.  I t  was found t h a t  t he  copper  concen t ra t ion  did 
n o t  decrease p ropor t iona te ly  as the  U V  dose increased. 
There  was a difference of a p p r o x i m a t e l y  40 ~g/100 ml  of 
copper  be tween  the  non-dia lyzed sample  and  all the  
d ia lyzed  samples.  These da t a  suggested t h a t  there  mus t  
have  been 40 ~g of free copper/100 ml  present  in the  
original  ma te r i a l  and  this  was r emoved  in each  sample  
regardless of the  a m o u n t  of U V  irradiat ion.  The  fall  in 
enzymat i c  a c t i v i t y  was charac ter i s t ic  of non-dia lyzed 
samples  sub jec ted  to  s imilar  amoun t s  of U V  irradiat ion.  

Fur the rmore ,  i t  was h o t  possible to  demons t r a t e  a 
change in t he  absorp t ion  curves  (240-900 m~t) of  t h e  
i r radia ted p lan t  ty ros inase  samples  as was the  case wi th  
the  copper  protein ,  ceruloplasmin.  The  l a t t e r  had  an  
absorpt ion  peak  a t  600 mlz which decreased as t he  
oxidase a c t i v i t y  fell and as t he  U V  i r rad ia t ion  dose in- 
creased 1. 

Final ly ,  in the  case of t he  mouse  t u m o r  ex t rac t ,  the  
diff icult ies encountered  were  such t h a t  aga in  a d i rec t  
conclusion was impossible.  The  opt ica l  dens i ty  of th is  
crude ex t r ac t  was too large to  enable  us to  de t e rmine  if 
s l ight  changes in the  d i rec t - read ing  copper  occurred a f t e r  
i r radiat ion.  

RdsumL L 'ac t iv i t6  de l 'ur icase e t  des tyrosinases  d 'o r i -  
gine v6gdtale e t  an imale  est  d iminu6e pa r  i r rad ia t ion  U V  
(2537 ]k). I1 existe  une re la t ion exponent ie l le  en t r e  l 'ac-  
t iv i t6  enzyma t ique  re la t ive  e t  la quan t i t6  de r ayonne-  
ment .  II n ' a  pas 6t6 possible de m e t t r e  en  6vidence une  
re la t ion ent re  la per te  d ' ac t iv i t6  de la tyrosinase v6g~tate 
des ~chanti l lons irradi6s et  la t eneur  en  cuivre  de  ces 
derniers.  

M. H. AP~ISO~ and K. M. HANSON 

The Institute o/ Psychiatric Research and Departments o[ 
Biochemistry and Psychiatry, Indiana University Medical 
Center, Indianapolis, October 24, 1960. 

Specific Precipitins 
f o r  T y p e  X I V  P n e u m o c o c c u s  P o l y s a c c h a r i d e  

f r o m  A b r u s  p reca tor iu s  Seeds 

Several  seed haemagglut in ins ,  specific for cer ta in  h u m a n  
blood group characters ,  h a v e  been describedL However ,  
m a n y  others  fail  to  different ia te  human  ery throcytes  2; the  
precise basis of act ion of these non-specific agglut inins  is 
general ly  obscure.  A t t e m p t s  to ascribe specifici ty for 
cer ta in  'h igh- incidence '  human  blood group ant igens  to 
some non-specific seed agglut inins were unsuccessful  3. 
However ,  m a n y  seed agglutinins,  which fail to  m a k e  
individual  dis t inct ions  among  h u m a n  ery throcytes ,  are  
not  a l toge ther  devoid  of specif ici ty in t h a t  t h e y  can  m a k e  
species dis t inct ions among  the  bloods of var ious  an imals  4. 
Thus  var ious  non-specific seed agglut inins  can be  d iv ided  
into  d is t inc t  classes, each class hav ing  a charac te r i s t i c  
pa t t e rn  of  react ions ;  for example ,  the  agglut in ins  of  Lens 
esculenta and Vicia [aba agglu t ina te  rabb i t  and  guinea  pig 
e ry th rocy tes  bu t  no t  those  of several  o the r  species. 

1 G. W. G. BIRD, Brit. Med. Bull. 15, 165 (1959). 
M. KROPZ, Blutgruppempezifische pflamtiche Eiweissk6rper (Phyg- 
agglutinine) (Ferdinand Enke Verlag, Stuttgart t956). 
G. W. G. BIRD, Vox Sanguinis 4, 318 (1959). 

4 G. W.G. BxRD, Brit. J. exp. Path. 35, 252 (t954). 


