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2 delinitely related Government procurement operation, the U.S,
Government thereby incurs no responsibility, nor any obligation
Whatsoever; and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications
Gr other data is not to be regarded by implication or otherwise as
1 any manner licensing the holder Or any other person or corpora-
tion, or ¢ onveying any rights or permission to manufacture, use or
sell any patented invention that may in any way be related thersto,™
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THE EFFECT OF ULTRAVIOLET RADIATION on SULFHYDRYL
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According to. Rothman and his assoc1ates pigmentogenic stimuli, such
as ultraviolet radiation, cause pigmeéntation by exz.chzmg or destroy‘mg
inhibitory sulfhydryl compounds; thus enablinig an enzyme to act on the.
pigment precursor. ' i _ ’

It was therefore of 1ntere st to study the effect of ultrawolet n'radla—
tion on the possible reduction of the -S-S- (d1su1f1de) linkage of cystine

~and homocystine to. -SH and poss1ble oxidation of the ~-SH (sulfhydryl)‘

group of cysteine to =S5~ Me’chlonlne was also stud1ed
\
RESULTS AND CONCLJSIONS '

I’s was shown that the followmg effects talke place under ultrav:.olet
jrradiation of -SHand -8-S-containing aminé acide. Cysteine is oxidized
10 cystine and cystme is reduced to ¢ystein¢. In addition, de¢omiposition
takes place which becomes more p:roncunced on prolonged jrfadiation..
Methionine is destroyed. Homocystine is reduced to homocystelne. No
evidence could be obtained to show that methlomne is transformed into
homo cystexne 5 .
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THE I}FFEC‘I OF ULTRAVIGL:&T RADIATION ON SUI.&‘*"‘HY DRYL:
” AN.D BISULFIDE CONTAININ G AMINO ACTDS
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In prewous stud;.es quantﬁ twe measnrements Were~ maé@ on the .

" infliaence of ultraviolet irradiation on the rate of hydroxylation and of
destruction of those amino acéids which have been jmplicated in ‘the
Pprocess of skin pigmentation and erythema production {1). It wag found
that theése effects were inhibited by the presence—of sulfhydryl containing
amino ac¢ids. The results obtained were compat:.ble with the theory of
i ‘ _ Rothman and his agsociates, that pigmentogeni¢ stimuli such-as ultra-
' : - violet radiation ¢ause pigrnentation by oxidizing or destroying inhibitory
sulfhydryl compounds, thus enablmg an enzyme to act on the plgment
precursor (2). . 5 }
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It th'us became of interest to study the effect of ultravioletirradiation.

on tae possible reduction of the -S-S- (disulfide) linkage of cystine and 3

' homocystme to =SH and possible oxidation of the ~SH (sulfhv&ryl) group . 4
of . cyst ine to -8-S-, Methionine was also stud1ed . ;

kO o EXPERIMENTAL = | S SRR

AL ?APpax%mﬁ and Methods . e - D

Solutmns of e:tther cystme or cysteine in 0.1 N hydrochloric acxd
and of methionifie in 0.3 N hydrochlor c acid were irradiated in test
tubes 1 inch in diameter held in running water. The solutions were in
layers from 0.5 to 2.5 cm in the test tubes. The unfiltered radiation of
a Hanovia g_ua:rtz mercury lamp Wwas incident from above at 30 ¢m
distance without any aasorber (except -air) between the lamp and the
solution, After 30 mmutes to 2hours of irradiation the ¥espective amino p
- - agid sotutions were analyzed colonmetmcally for cysteine and . cystirn
_ (~3) ox methxon,:ma ’4\ with a recording spectrophotometer.
’ For n-:rad1at1ons Wlth a.pprox1mate1y monochromatzc :t'za.c‘l,:tadnonJ
. was used in conJunctmn w1th the 1000 watt type A-—H6 mercury 1a.mp of -
General Electric: In this ¢ase, the solutions were contained in a quarts,
vesselwitha quadrat1c cross sectionofl crnz The-energy measw‘emen’ts,
fnade With 2 cal1brated thermopile, were accurate withinZ1%. The total
enmergy 1*nc1§en1_: on 'the solutioni was absorbed excepting small reflection
" losses amournting to about 4%. Thé reflectionlosses, which occur on the
intexfaces of the quartz cell, werée not subtracted from the enexgies as
they Were meéasured. :
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ol ef 0,1 N‘HCl Were dis solved ini2 mI of water, filteredand neutrahzed

‘homoeysteine from homecysnne st-— as follows:

‘washed with water and then d).ssclved in iN HC}I and repreclpztated by

P -

‘with the Hanoma lamp are Nustrated in ‘I’able 1.

- cystine took pla.ce without. destructlon,

i it it s
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In 'those experiraents in 'Whtch the isclation of homeeysteine wa
attemnpted, solutions of homoeystine and methionine in 0.1 X, hydrochlora.c
acid-were irvadiated by the Hanoviz lamp, as described above, m.ia.yers
cf 4 ¢m for 2-1/2 hours., The procedure used in the 1dent1f1cat*on of

——

s m e -

% o

The éry resadues of 4 i¥radiations of 400 g homocystme in 200 '
with N‘a@H A precipitate (f) formed at pH 5-6, which was filtered, .

neutrs:lrzatmn with NH4OH. This procedure was repeated twice. Then
the prempztate was filtered, washed with water and driedin the:desiccator
in-vaecdo, To the filtrate of precipitate 1, 600 mg of NaOH were added,
followed by 0.5 mil of benzyléhloride, and the mixture was shaken for
100 minutes- ih a &mall separatory funnel. The solution was extracted
with 5 ml of ether four times to remove the uncomibined benzylchlonde.
The alkaliné solution was freed from ether in vacuo, filtered, a.nd acetic
acid was added until the solution was sl1ghtly acid to litmus. After
stanling 48 hours in the refrigerator the pfecipitate was filtered .off,
washed with ice cold water and recrystalhzed from bo111ng water. This 3
procedure was repeated twice. Altogether 39 9 mg of a benzylated
p’;'q_d.uct were o.btamed

o A PUBL W e DX B AT NARRALIS NS o DR s Yo e

The procedure vsed for attempts to identify the 1rrad1auon 7
product of methlorune was in. prlnclple the same. ) o

. B. Refﬁ.ults .

. ;I;zzz%ad;ii'a,feién_ Qf' -cvjétine and cysteine

The results obtamed onn'radlatmn of cystme and cysterne
"It can be seen thai
withi increasingexposures of -eystine, increasingamounts of this substance
wereé reduced to cyste;ne, and sr'nulzaneously ihcreasing amounts of it
were de: stroyed With irradiation of cysteme, at first only oxidation to i
then, wﬂh;ncreasmg 1rz'ad1auon,
tm\.reasnng destructmn of both Cyste:me a.nd cyst1ne occurred Dunng the

i * s At Ot

red 2 AL s

Sxmﬂar results were obtalned with monochroma%lc radmtmn
of wavelength 225 p and Wavelength width 10 . . With -increasing
irradiation of - cystine, increasing amounts of cysteine were found in the
range of energies from 0,33 t6 2.50 Joule/mg With 1ncreas1ng irradi-
ation of cystéine, the amount of cystine found feimained approxunately
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TEsme

‘conStant in the. ténge of relatwely weak energies from 0.63 to 5 28
joule/mg. No destruet;onf of either ¢yStine or cysteine could be- de‘te»ted
probably because the ra.dzant energy was eonszderably less 'than that
-produceéd by the Hanov:.a lamp.

detected

2. ii‘iétiﬁl’cibﬁpf ,hqmotiv‘srtizz’,e,

o - Q'uﬁ‘v S

B After irradiation of homoc rstine a posztwe testfor -SH
(sulfhydryl) Wwas obtained. From the 1rrad1at10n mixture S- benzyl -
,homocyﬁezne could be isolated. The mixed melting point - with an
authentm. Sample of S benzylhomocysteme gave no depression.

<

No odo¥ of hydrogen suifide. could be

: Analysls' ) : e . sy e
Theor. for S- benzylhomocysteine] C (%)] H (%)~ N (P)| S (%)
cu H15 NO; S: 58.64 | 6. 71 6.22 14. 23 B
Found for iSDI’ated product. % 157,95 7. 00 | 6.78 " 13.35
' - S 58,31 | 7.04 6.58 13, 56

The" fmdmg of the converSzon of nomocystme to homocysteine
agrees with the observation that ¢ystine is reduced to cysteine by ultra-
violet irradiation (5). The preczpltate I was 1dent1f1ed as unchanged

: ~homocvst1ne. B ’ - S :

3 Ir;é&iaﬁon ,of’Méthithne

The results o'btaIned on irradiation of methlomne with i:he

Hanovia ; lamp are 11?ustrated in Tab]e 2 The destructmn 1ncreabed with

) the 1nc1dent ene::gy. L g

. Us;ng monochromatlc rad1at10n of a wavelength 225 mp and

wavelength width 10 ; ; destruction was found within a range of energies

from 0.42 Joule/mg to 112 joule/mg. Sineé these energ1es are very

 small, no quantitative results concernlng the degree of decomposrtzon
-were obtamed o . - N .

F The analyses Were performed by Dr. Carl Tzed’cke of the Laborato.a.y
- of M1crochem18try,, Teaneck, N .’I
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it was foand that a solutxon -of methmmne gave a posifive
color reaction with sodium mtz:oferrmyamtde after irzadiation for one
‘houtr with the Hanovia la:rm‘:, biat not before and not 1f the: radxa«tlém wa.s
first passed through an acetone “filter which absorbs the wavelengths
-ghorter than300 ings, Because of this fanélng the isolation nf homocysterne
was attemptedfrom anirradiated methioniné solution. No S-benzylhomo-
cysteine: could be isolated, onlyunchangedmethmnme ¢ould be identified;.
tis possz‘bie that methy,l mercaptan CH3SH was. formed

= Sl

.-u,

C@NCLUSIONS o

It was Shown that the following sﬁ'ects take pla.ce under ultravmiet
ifradiation of <SH and <5-§- contalmngam1no acids. Cysteineis oxidized
to cystine and cystine is rediced fo cysteine. In addition decomp051t10n
takes place which becomes more p:ronounced on prolonged 1rra.d1at1on.

' Metlnomne is destroyed Homocysune is reduced to homocystelne. No
evidénce could be obtamed to show that methmmne is transformed to
‘homoecysteine.

' IV.. RECOMMENDATIONS , ‘ _ -

Nox'i‘e

' Thanks are expressed to the Bmchemmal Department for its support of
. this pa;per. ' :
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TARBLE 1
E’FFEGT @F ULTRAVI@L::‘T RA.DI:ATIQN ON .
CYSTINE AN CYSS—‘&&INE BFe. 1 W HCI

O T VT . S S SR SR S O S ) e ...i',.‘;
IS S S N A S N 3 I AN S S T

a3 : E
} Amino . |'Time

“-Acid I of -
o Irra-
' diated-

| - | after
i Irradia~ | Irradia-
1 tiom § tion -

{ (minates)|

T [ Cystine |

I-Cysteine’

1
Cysteme i
tafter

ftion

‘Cystine . -] -
Irradia- - |
, | tien
iIrradia~ |

Gal_fcu"lated'l

1 by |
| Differencey

Amount

Destroyed | D¢

Decompbsitivn

Sz boad

(1 mg) (mg} | (mg) | ofGolumns| (mg) (%)
4 Cystine ¥ 30 0.821 | 0,283 ’ 0,528 9. 179 17.9 | ;
¥ ? o 3 ' ' i f:
{ Cystine 60 0.702 | 0.396 | 0.306 | 0.298 29.8 :
|l g | 1 ! . N f
| Cystine 20 0.587 ¢ 0.449 | 0.138 | 0,413 41,3 | !
d Cysteine | 30 | 1090 | 0.720 | o.350 E 0 0
I Cysteine ;"s 6:0 ’ 0. .890 ‘ 0. 591 . 299 0.1:0 . 11.0 1 ‘
: SI. . ! . e o ,'ﬁ i N - o 55 '
i i Co i - i
| Cvsteine | 120 | 0,560 { 0.469 0. 091 0: 440 4 44:0
“'Each valu.e 1; a:;{é,verage of 5 expenments made _s‘,ﬁiﬁltaneously - —
A ! o TABLE 2
. EF}sECT }@F HLTRAVIGLET RA IAIIGN f
1

P

% N 1 {Pex Cent) { .
K it [ e

) = | '_ A e - .
T . T -
*Iu- :.' ‘E): - ,:-" : ‘14,5.071 5 1

8 % Y20 766 4

_ 5; Each vzalue 1s an avera.ge Qi 2 expenments o =
made s:multaneogsly,
' g V h :5-' )
b ) .
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