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ABSTRACT 

THE EFFECT OF ULTRAVIOLET RADIATION ON SULFHYDRYt, 
AND DISIJC.FIDE CONTAINING AMlNÖ ACIDS 
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According to Rothman and his associates pigmentogj|iiic stimuli.» such 
äs ultraviolet radiation, cause pigmentation by oxidizing or destroying 
inhibitory sulfhydryl Compounds -, thus enabling an enzyme to act on the 
pigment precursor. . 

It was therefore of interest to study the effect of ultraviolet irradia- 
tion on the possible reduction of the -S-S- (disulfide) linkage of cystine 
and hömocystine to -SH and possible oxidation of the -SH (sulfhydryl) 
group of cysteine to r-S-S-.    Methionine was also studied. 

RESIJLTS AND CONCLUSIONS 
- - .   . j 

It was shown that the following effects take place under ultraviolet 
irradiation of -SHand -S-Sri containing aminO acids. Cysteine is oxidized 
to cystine. and cystine is reduced to cysteine. In addition, decomposition 
takes place which becomes more pronounced on prolonged irradiation., 
Methionine is destroyed. Homoeystine is reduced to honiocysteine. No 
evidence  could be obtained to  show: that methionine is transformed into 
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THE EFFECT OF t^TRAVlOkET RADIATION ON St^FHYBRYiL: 
;. •;. . AMD ©IS^FlfJE. CONTAINING AMINO AGIOS 

In previous  studies quantii" five  measurements nspeae-made- on the 
influence of ultraviolet irradiation on the rate of hydröxylatiön and of 
destrüctiön   Pf  those   amino acids which have been implicated in  the 
process of skin pigmentation and erythema production (1)..    It was found 
that these effects were inhibited:. toy the presence-of salfhydryl eontaihing 
ämino acids.     The results  obtained were  compatible with the theory of 
Röthmän and his associates:,  that pigmentogenic stimuli  such as ultra- 
violet radiation cause pigmentation by oxidizing or destroying inhibitory 
suifhydryl compounds,   thus  enabling an enzyme to act on the pigment 
precursor (2:). ; 

It thus became of interest to study the effect of ultraviolet irradiation, 
on Hie possible reduction of the -S-S-* (disulfide) linkage of Cystine and 
hpmocystihe to -S¥L and possible oxidation of the -SH (suifhydryl) group 
of eysteine tö -SäS-.    Methipnine Was also studied. 

II.    EXPERIMENTAL 

. A~»   Apparatus and Methods 

Solutions of eithe* cystine or cy steine in~0.1 N hydrochlpric acidr 

and of methiPiiine in 0.3 N hydrochloric acid were irradiated in test 
tubes 1 inqh in diameter held in running wat^r. The solutions were in 
layers from 0.,5 to 2..S emin the test tubes. The unfiltef ed radiation of 
a Hanovia quartz mercury lamp was incident from above, at 30, cm 
distance without any absorber (except air) between the lamp and the 
solution. After 30 minutes to Zhours of irradiation the respective amino 
acid solutions Were analyzed cplörimetrically lor cyst eine and cystinj 
:(3| os meflfioniiii ^4") With a recording spectrophötometer* 

For irradiations with approximately monochromatic radiation, 
the Double Mpnachrpmatpr Mpdel300 BUV of the Färir and Optical Company 
was Used in conjunction with the 1Ö0Q Watt type A=H6 .mercury lamp of 
General Electric* In this case, the solutions were contained in a quartz, 
vesselwithaquädratic cross sectionpf 1 cm'. The energy measurements, 
made "with.a calibratedthermppile, were accurate within|bl%. The total 
emergy^ incident on the solution was absorbed excepting small reflection 
losses amounting to about 4%. The refleefionlpsses-, which occur on the 
interfaces of the quartz cell, were not subtracted from the energies as 
they were measured. 
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In those e-xperiraents in which the äsoiatipn of hom^eysteine was 
attempted, «oiiatlons of homoeystihe andmethiönine in 0;. 1 Niiydrochloric 
a-cid-were-irradiate by the Hanqvia lamp, as described above, in layers. 

•of' 4 citi for 2,ri/2 Sours, The procedure used in the identification of 
hömöcysteine from hö&oeysläne was-a« follows: 

'i-' 

The dty residues of 4 irradiations of 40Ö mg hOmoeystine'in 200; 
ml of 0.1 UlHCij were diss.6iLved.iniZ ml of water., filtered and neutralized 
with Jia©H. Ä precipitate' {1} formed at pH 5-6, which was filtered, 
washed =with water and then dissolved in 1 N HQ-1 and reprecipitated by 
heuträ-liäatiön with NH4OH. This procedure was repeated twice.. Then 
the precipitate was filtered, washed with water and dried in the:desiccatqr 
m-vaeae. To the filtrate of precipitate I, 600 nag of NaOH were added, 
followed by 0. 5 ml of benzylchloride, and the mixture was shaken for 
100 minutes in a small separätory funnel; The solution was extracted 
with 5 ml of ether four times to remove the uncombined benzylehloride, 
The alkaline solution was freed from ether in vaeuq, filtered, and acetic 
acid was added until the solution was slightly acid to litmus. After 
standing 48 hours in the refrigerator the precipitate was filtered >off, 
washed with ice cold water and recrystaliized from boiling water, This 
procedure was repeated twice. Altogether 39. 9 mg of a benzylated 
product ^fere obtaineds 

The   procedure   used  for   attempts   to  identify   the irradiation 
product of methionine was in principle the same. 

Bv..    Results 

5.. 

Iv   IrradiaHÖH of cystihe and cysjteine 

The results obtained on irradiation of cystine and cystgine 
with the: HaiiQiäa lamp are illustrated iii Table 1. It caa be s«en that 
withincreasingej^ösiires of Cystine., increasing amounts of this; substance 
were reduced to cy steine, and simultaneously incr.eas.ing amounts of it 
were destroyed. With irradiation of cyfteihe,,, at first only oxidation to 
cystine took place without destruction; then,,, „withlncreas-ing irradiatiqn, 
increasing destruction of both eysteine and cystine occurred. During the 
irradiations the formation of hydrogen sulfide was noticeable by odor. 

Similar results were Obtained wim monochromatic rädia&ph 
of wavelength 225 xiäßi and wavelength width 10 rim.. With increasing 
irradiation öf cystinej increasing, amounts off cysteine were found in the 
range of energies from 0>33 to 2.50 jbule/kng. With increasing irradi- 
aiäoh öf cysteiiie.,   the amount of cystine found remained    apprö^imateiy 



con$t&kt in the.*ange öf relatively  weak energies from 0.63 ,tp 5.28 
joul«/mg.  Mo destruction! of either eystine ör cySteine could be-deteeted, 
probably because the radiant  energy was considerably less than fhat 
produced "by the Sanpvia lamp.     No   odor  öf.hydrogen sujfidecpuldbe 
detected! 

2.; Irradiation of homöcystine 

'-.'- After irradiation of homocystihe a positive testför.-SH 
{sialfhydryl) was obtained. From the irradiation mixture S- benzyl - 
homocysteine could be isolated. The mixed melting point " with an 
authentic .sample of S- henzylhprnocysteine gave no depression. 

us: 
The or. for S- benzylhomp 

Cla His NO£ S: 

Tpund for isolated product :* 

«-.-, -  v!„v_;   -   <-.-    -,    I  -J 

The finding of the Conversion of homocystine -to homocysteine 
agrees with the observation that eystine is reduced to- cysteine by ultra- 
violet irradiation (5). The precipitate I was identified as unchanged 
hpinpeystinei • ' > 

. -3*   iyr%ädiatipn pf,' MetMprane,, 

The results Obtained on irradiation of methiPnine with the 
Hänovia lamp; are illustrated in Table 2. The destruction increased With 
the- incident energy. 

•    - ~    Using; mpnocbrpmatic f ädiation of a Wavelength 225 nm and 
wavelength width 10 n^i* destruction was found within a range of   energies 
from  0,42 joule/nagtp 1*12. jpule./mg,,     Since these  energies  are very 
small,   np quantitative results  concerning the degree  of decomposition 
were obtained. 

*' The analyses were performed by Dr.  Carl Tiedcke of the Laboratory 
of Microchemistry,  Teaneck, N, J. 
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It was found that a solution of methioxdne- gave a positive 

color reaction with sodium nitroferricyanide after irradiation fox one 
hour with the HanOVia lanm, but %ot. Before and notif- theradiation was 
fairst passed through an acetone filter which absorbs J&e wavelengths 
shorter than.300 mj&. Because of this finding the isolation *rf. hpmoCysteine 
was attempted from an irradiated rriethiönine sölutiptu No- S -benayihpmö T 
cysteine Could "be isolated^ only unchanged mefhionine could be identified* 
$t: i& possible; p^MJme^^Xj^&pcßpi^^Q^SMw&B/iQimeä,   ..-. . 

.-in."' feoNcffeusiöNS ' - '-: . -   - 

It was shown that the following, effects, take place under ultraviolet 
irradiation of-SH and -S-S-containingaminö acids. Cysteine is oxidized 
to cystine and cystihe is reduced to cysteine. In addition decomposition 
takes place which becomes more pronounced on prolonged irradiation. 
Methionine is destroyed. Hömocystine is reduced to homocysteiiie. No 
evidence could be obtained to show that methionine is transformed to 
homocysteine. 
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TASliE I 

SFf EG1 4F B^TRAYIOiiET RADIATION ON 
Üj:,AND €¥S*EÜHE 33F«. 1 N£eGi., 

Asäaino 
Acid ;:    o:f 
Irr a- I Ixifädia- 
diated 1 tioaa 

II v III I W 

*,. 

•..s-tiae- 

af-tfer :| »after 
Irr ädi^ • 

, tion 

'     (ling)     I (xnänutes)!      (m-g'); 

|   Cysteixie   ! 

Cysiine 

Gystine 

ine 

eine 

I 

3 0        j Q.821 

6<0      : Ö. 702 

J2D 0. 587 

: 3:0 1.. Ö9Ö 

60 0. 890 

120     ; 0*560 

Irradia- 
•tion 

(*Pg) 

3 

0. 283 

0?396 

6.449 

0=. 740 

0, 591 

0.469 

T 
5Stme 

afte^r 
•irjfadlä-" 
tloB 
Calculated 

r Difference'1 

Of ©olumfrs 

ifi 

A^äOUnt 
Destroyed : 

(mg) 

:gree 
of 

De com - 
On 

0, 538 

0. 306 

0. 338 

0, 350 

01299 

0. 091 

0. 179 

O. 2 98 

0:?413 

.0 

0.1 £0 

*h440 

m 

Each yalu.e is m a-weräge öf 5 e^eiiments.made. .sam^|äfteötx;sly. 

17,9 

29.8 

41,3 

0 

1L;0 

44,0 

EFFECT -#F: TJ&f RAViO&Ef RADIATION 
-- ^-o^'^^iaioNa^i^.ö fs mm,:. 

"Jßiäse, xoi^frsadi-ao'da* 
:  ;(0iinji.tejsf 

30 

60 

120 

" Degree «of pJecoMpösifci^n 

4;o;5 

76*0 

Each, raliie is an aye*age of 2 ex&erimentö 
made simultaneously.. 
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