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selected ethanol as standard since the effects of intra-
molecular chelation are minimised in this medium for the
particular absorption band under review?.

We illustrate the use and scope of the method by some
examples of varying complexity.

Example 1. Methyl 6-methylsalicylate (I)

OH

_A__CO,Me M. = 230 + 7(ortho-OH)
” + 3{ortho-Alk)
\ = 240 my,

" e A* s = 244 my (s 10000)?

it

Example 2. Gallic acid (I}

HO_ o~ COH ¥ aie = 230 + 2 x 7(meta-OH’s)
[ +25(para-OH)
NV = 269 my.
HO D() A*gps = 270 my (¢ 8000)20

(11)

Exampie 3. p-Acetylamino methyl benzoate (I11)

@/Cone
|

P
AcHN
(am

I* e = 275 mp
A* . = 274 my (£ 15000) 1

Example 4. 4-Bromo-7-methylindanone (IV)

B

S A% e = 246 + 3(ortho-Me)
# /\ + 3(ortho-ring

l residue) + 2(mela-Br)

AN /\/ = 254 my,

| il A* s = 254 my {c 10000)12

Me O

v)

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

HO o)
Y \ I e = 246 + 14(2 X ortho-OR)
+ 25(para-OH)
y\n/ = 285 mp
OMe O Mo = 284 my (¢ 22500)
v

Example 6. Ethyl 4-methyl-5-chloro-8-hydroxy-tetralone-3-
G M carboxylate (VI)
e

/\/ o COEL 2¢ o 256 my
A* pe = 257 my (e 8000)14

hdhd

OH O
(VD)
Example 7. 2,6-Dihydroxy-3-methyl-4-ethoxybenzaldehyde
CHO {(VII)
HO._~. OH M caie = 292 mp
\‘\ | A* s = 205 my. (£ 2195016

\|/\Me
OEt

(VII)
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Extension to benzonitrile by using the basic value of
224 my for this system reveals that the increments in
Table II may be transposed to certain other series, e.g.
p-aminobenzonitrile has A}, 279 mp and absorbs at
277.5 my {¢ 24 000) 8, Complete details of this survey will
appear elsewhere,

Zusammenfassung. Eine allgemeine Methode fiir die
Berechnung der Hauptabsorptionsbande benzolischer
Carbonylverbindungen wird zur Diskussion gestellt.

A. 1. Scort

Chemistry Depariment, The University, Glasgow (Great
Britain), October 17, 1960.

? Correlation involving the less imtense 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. ConoVvER, Chem. Soc. Special Publi-
cations 5, 48 (1956). — R. A. MorToxN and A. L. Stusss, J. chem.
Soc. 1940, 1347].
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P. GrRammaTICcAKIS, Bull, Soc. Chim. Fr, Docum, 18, 220 {1951},

R. A. Prieper and M. Orcuin, Ultraviolet Spectra of Aromatic

Compounds (Wiley, New York 1951).

L. A. DuncansoN, J. P. Grove, J. MacMirran, and T, P. C. Mut-

HOLLAND, J. chem. Soc. 1857, 3555,

4 H. MuxreLpt, Chem, Ber. 82, 3122 (1959).

R. A, Morton and Z. Sawirgs, J. chem. Soc. 1940, 1052,

8 A Burawovy and J. P. CritcinLey, Tetrahedron 8, 840 {1959).

Inhibition of Tyrosinase and Uricase Activity
by Ultraviolet Radiation

Recent studies from this laboratory have shown that
ultraviolet (UV) radiation at 2537 A was capable of
destroying both the iz vitro oxidase activity of serum as
well as the oxidative activity of the copper protein cerulo-
plasmin®2. The latter is the component of serum thought
to be responsible for the oxidase activity. Furthermore,
the logarithm of the relative enzyme activity was found
to be proportional to the incident energy of the UV
radiation within the range studied. It was also found that
as the oxidase activity fell with increasing dose of UV
radiation, the bound copper content®4 of the cerulo-
plasmin and serum samples decreased while the direct-
reading copper content? of the samples increased. Several
other copper enzymes were studied to see a} what, if any,
is the effect of UV irradiation on them and b) if there was
an effect on the activity, did a relationship exist between
loss of enzymatic activity and ‘bound’ copper content of
the samples. The three copper enzymes chosen for study
were uricase, plant tyrosinase and mammalian tyrosinase.

Plant tyrosinase used in this study was a Worthington
lyophilized preparation from mushrooms. Uricase was the
Worthington powder preparation. Mammalian tyrosinase
was prepared as a crude extract® from Harding-Passey

1 M, H. Arrisox and K. M. Hansox, Proc. Soc. exp. Biol,, N.Y., 100,
643 (1959).

2 M. H. Aprison and K. M. Haxson, Program and Abstracts of the
Biophysical Society, L 11 {1959).

3 C. J. GueLer, M. E. Lauey, H. Asuensrucker, G. E. Cart-
WRIGHT, and M. M. WinTROBE, J. biol. Chem. 196, 209 (1952).

4 C. J. GuBLER, M. E. LauEey, G. E. CartwricHT, and M, M. WiN-
TROBE, J. clin. Invest, 32, 405 (1953).

5 . H. HogEBoou and M. H, Apaws; J. biol, Chem. 145, 273 (1942).
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Fig. 1. Lffect 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 (4% =
A[Ag); abseissa: UV dose expressed as ergs/mum?,
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Fig. 2. Effect of UV light (2587 A) on the activity of plant tyrosinase
as assayed against L-DOPA and 1-tyrosine. Optimum substrates
concentrations were employed. Coordinates are the same as in Fig. 1.

ExperIENTIA XVII/2

mouse melanomas grown in BALB/c strain mice obtained
from the Roscoe B. Jackson Memorial Laboratory.

Tyrosinase was assayed against L-tyrosine and vr-di-
hydroxyphenylalanine (DOPA), while uric acid was the
substrate for uricase. All assays were carried out at con-
stant temperature (37°C) in a Beckman Spectrophoto-
meter equipped with thermospacers, following the methods
outlined by WorrtHINGTON® with slight modifications.
These involved running the assays at conditions of
optimum substrate and pH. Tyrosinas¢ oxidizes its-
substrates to an o-quinone which can be measured by an
increase in optical density at 280 mp. Uricase converts
uric acid to allantoin with a resulting decrease in optical
density at 290 my, a wavelength at which allantoin shows
no absorption.

The enzyme preparations were irradiated in a Petri dish
5 c¢m in diameter and set in a stainless steel water bath.
Ice water at 0°C and not varying more than 0.1°C was
continually circulating through the water bath. After
temperature equilibration was established, the sample
was exposed to the UV radiation for a definite length of
time. The UV source was a Mineralight ultraviolet lamp,
Model V-41 (Ultraviolet Products, San Gabriel, Califor-
nia), and was mounted above the enzyme preparations in
such a way that it could be moved in the vertical or
horizontal direction. The intensity of radiation striking
the solution was (1.63 4 0.09) X 10* ergs/mm? as deter-
mined by the uranyloxalate actinometric method?. The
value of the quantum yield used in the calculations was
0.608,

Total copper and direct-reading copper determinations
were made by the method of GUBLER et al.»% Bound
copper content was determined as the difference between
total copper and direct-reading copper.

The effect of UV irradiation on uricase, plant tyrosinase
and mammalian tyrosinase is shown in Figure 1. The
logarithm of the relative enzymatic activity (ordinate) is
plotted against the corresponding dose of UV irradiation
{abscissa). The activity of each enzyme was reduced when
subjected to varying amounts of UV radiation at 2537 A.
The logarithm of the relative activity was proportional to
the incident energy within the experimental error. Mathe-
matically, the results may be represented by equation {1}:

A = Age-*D (1)
where A is the enzymatic activity after a UV dose D
{ergs/mm?), 4, is the enzymatic activity of the control or
nonirradiated sample, and k is a constant. The ratio 4/4,
is the relative activity.

In Figure 2, the effect of increasing doses of UV
irradiation 2537 A on plant tyrosinase activity as assayed
with two different substrates is shown. The data in the
upper curve were obtained using L~-DOPA (2.5 10-*M)
while the lower curve gives results using L-tyrosine
(1.3 % 10-*M). These substrate concentrations were found
to be optimal with the former being about twice the
latter. The regression coefficient of the L-tyrosine curve is
0.063, approximately twice that for the L-DOPA curve
which is 0.027. Thus the iphibition of the tyrosinase
activity as assayed against L-DOPA is only about one half
that seen when 1-tyrosine is used. This may be due to the

8 C. C. WortHINGTON, Worthington Enzymes, Descriptive Manual
No. 9, p. 36 (1957).

7 B, DawieLs, J. H. Matuews, and J. W. WiLrLiams, Experimental
Physical Chemistry (McGraw-Hill, New York 1941}, p. 274.

& W, G. Leicutow and G. 5. Forpes, J. Amer. chem. Soc, 52, 3139
(1930),

% H. R. MauLER, G. HuBscHER, and H. Baum, J. biol. Chem. 2186,
625 (1955).
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fact that since both steps in the reaction, tyrosine to
DOPA and DOPA to o-quinone, are under the influence
of the single enzyme, tyrosinase, there is apparently
double inhibition when the primary substrate, tyrosine, is
used.

When the two copper methods used previously with
serum and purified ceruloplasmin (50%,) were employed
on the samples containing the tyrosinase and uricase
preparations to determine if copper to protein linkages
were ruptured, clear cut results were not obtained. This is
now understandable since MAHLER et al.? have shown
that in the case of uricase, the complexing or color reagent
diethyldithiocarbamate will react with copper in this
system regardless of its state in the protein molecule, This
is probably also true for tyrosinase. Therefore, the irradi-
ated uricase and tyrosinase samples were dialyzed in order
to see if any ‘unbound’ copper would pass through the
membrane. As seen from the data on Table I, copper ions
could pass through the membrane used in the dialysis
procedure. However, the uricase activity was lost when
the preparation was subjected to this treatment. Further
attempts to correlate the loss of enzymatic activity with
any change in copper content or state were unsuccessful.

In the case of plant tyrosinase, the dilemma could be
circumvented since the enzyme was only slightly in-
activated after dialysis. Therefore, after irradiation,
samples subjected to different amounts of UV radiation,
as well as a control, were dialyzed against copper-free
distilled water at 4°C. If copper was removed or released
from the bound site in the protein molecule during UV
irradiation, this amount of copper would pass through the
membrane and into the copper-free water on the outside.
Therefore, after 24 h, the dialyzed material in the bags
was removed and again assayed for oxidase activity and
total copper content. These data are given in Table 11 and

Tab, I. Effect of dialysis on a solution of CuSQ,* (unbound copper)
Time of dialysis | Copper concentration % lost
(h) {1eg/100 ml) 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. I1. Effect of dialysis on copper content of UV irradiated plant
tyrosinase solutions»
R . Enzymatic Copper
1 i
(egg\i /‘rl;’;i) g::ey(ss activity content
{OD/min) (.g/100 ml)

0 0 0.0876 170
0 24 0.0825 125
48.9x 10* 24 0.0535 136
97.8 x 104 24 0.0381 122
146.7 x 10* 24 0.0274 136

s 5 ml samples of plant tyrosinase {4 mg/ml protein} were
irradiated and subsequently dialyzed against copper-free
distilled water (4°C}. Approximately 40 1g/100 ml of direct
reading or ‘unbound’ copper is present; copper content of,
the samples does not increase with UV irradiation.
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are corrected for the slight increase in volume due to
dialysis, It was found that the copper concentration did
not decrease proportionately as the UV dose increased.
There was a difference of approximately 40 1g/100 ml of
copper between the non-dialyzed sample and all the
dialyzed samples. These data suggested that there must
have been 40 pg of free copper/100 ml present in the
original material and this was removed in each sample
regardless of the amount of UV irradiation. The fall in
enzymatic activity was characteristic of non-dialyzed
samples subjected to similar amounts of UV irradiation.

Furthermore, it was not possible to demonstrate a
change in the absorption curves (240-900 my} of the
irradiated plant tyrosinase samples as was the case with
the copper protein, ceruloplasmin., The latter had an
absorption peak at 600 mp which decreased as the
oxidase activity fell and as the UV irradiation dose in-
creased?,

Finally, in the case of the mouse tumor extract, the
difficulties encountered were such that again a direct
conclusion was impossible. The optical density of this
crude extract was too large to enable us to determine if
slight changes in the direct-reading copper occurred after
irradiation.

Résumé. L'activité de Vuricase et des tyrosinases d’ori-
gine végétale et animale est diminuée par irradiation UV
(2537 A). 11 existe une relation exponentielle entre 'ac-
tivité enzymatique relative et la quantité de rayonne-
ment. Il n’a pas été possible de mettre en évidence une
relation entre la perte d’activité de la tyrosinase végétale
des échantillons irradiés et la teneur en cuivre de ces
derniers.

M. H. Aprison and K. M. Hanson

The Institule of Psychiatric Reseavch and Departments of
Biochemistry and Psychiatry, Indiana University Medical
Center, Indianapolis, October 24, 1960.

Specific Precipitins
for Type XIV Pneumococcus Polysaccharide
from Abrus precatorius Seeds

Several seed haemagglutinins, specific for certain human
blood group characters, have been described!. However,
many others fail to differentiate human erythrocytes?; the
precise basis of action of these non-specific agglutinins is
generally obscure. Attempts to ascribe specificity for
certain ‘high-incidence’ human blood group antigens to
some non-specific seed agglutinins were unsuccessful®.
However, many seed agglutinins, which fail to make
individual distinctions among human erythrocytes, are
not altogether devoid of specificity in that they can make
species distinctions among the bloods of various animalst.
Thus various non-specific seed agglutinins can be divided
into distinct classes, each class having a characteristic
pattern of reactions; for example, the agglutinins of Lens
esculenta and Vicia faba agglutinate rabbit and guinea pig
erythrocytes but not those of several other species.

* G. W. G. Birp, Brit. Med. Bull. 15, 165 (1959).

2 M. KrUpE, Bluigruppenspesifische pjlanzliche Eiweisskirper (Phyi-
agglutinine) (Ferdinand Enke Verlag, Stuttgart 19586).

$ G, W. G. Birp, Vox Sanguinis 4, 318 (1959).

4 G, W.G. Birp, Brit. J, exp. Path. 35, 252 (1954}.



