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Abstract:

The effects of chemically and/or microwave discharge generated singlet oxygen on proteins and their
constituents were shown to parallel the effects of dye sensitized photooxidation. This supports the
contention that dye sensitized photooxidation is mediated by singlet oxygen. Chromatographic
comparison of the products of oxidation by microwave generated singlet oxygen and dye sensitized
photooxidation of amino acids known to be susceptible to dye sensitized photooxidation was made
which showed the products to be identical. The photooxidation of lysozyme sensitized by
hematoporphyrin was shown by application of tests involving deuterium oxide enhancement and azide
inhibition to be mediated mainly by singlet oxygen. Studies of the effect of gas phase singlet oxygen on
solid phase lysozyme and ribonuclease were used to further clarify the mechanisms of dye sensitized
photooxidation and the effect of a potential pollutant on protein structures.
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ABSTRACT

The effects of chemically and/or microwave discharge generated
singlet oxygen on proteins and their constituents were shown to paral-
lel the effects of dye sensitized photooxidation. This supports the
contention that dye sensitized photooxidation is mediated by singlet
oxygen. Chromatographic comparison of the products of oxidation by
microwave generated singlet oxygen and dye sensitized photooxidation
of amino acids known to be susceptible to dye sensitized photooxi-
dation was made which showed the products to be identical. The photo-
oxidation of lysozyme sensitized by hematoporphyrin was shown by ap-
plication of tests involving deuterium oxide enhancement and azide
inhibition to be mediated mainly by singlet oxygen. Studies of the
effect of gas phase singlet oxygen on solid phase lysozyme and ribo-
nuclease were used to further clarify the mechanisms of dye sensi-
tized photooxidation and the effect of a potential pollutant on pro-
tein structures.




INTRODUCTION

Raab (1900) reported, in 1900, that light, in the presence of
sensitizing dyes, killed micro-organisms. This process was termed
"photodynamic action". The effects on materials of biological inter-
est include degradations of carbohydrates, nucleic acids, lipids and
proteins. A number of "non-biological" organic compounds, generally
containing an olefinic structure, also have been shown to be suscep-
tible to photodynamic action. This effect is now frequently called
"dye sensitized photooxidation", since it usually involves the oxi-
dation of the target molecule. The term "photodynamic action" is re-
served by some (but not all) authors for the pathological gross bio-
logical effects of sensitized photooxidation.

A number of different mechanisms have been proposed to account
for photodynamic action. Until fairly recently, the most generally
accepted views that the dyes absorbed light to give an excited dye
electronic state. This either reacts with substrate to abstract a
hydrogen atom or electron, thereby oxidizing the substrate and gen-
erating a reduced dye which may or may not react with molecular oxygen
to regenerate the original dye or the excited dye may react with oxy-
gen to form a dye-oxygen complex (also called a moloxide (Gollnick,
1968)) which can react to oxidize a receptor.

The hydrogen atom or electron abstraction mechanism has been

demonstrated for some non-biological substrates, usually in the
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absence of oxygen. This mechanism is now often referred to as a

Type I sensitized photooxidation. While it is very likely some rather
specific photooxidations of biological compounds may involve this
mechanism or something like it, this mechanism has not been proven for
the oxidation of any biological compounds, especially proteins. Clear
examples of the moloxide mechanism have not been demonstrated.

A major problem arose with these direct dye mechanisms. Dye
sensitized photooxidations of certain olefinic compounds give more
than one product in fairly consistent ratios. Generally, the ratios
are not greatly affected by the species of the dye, even though the
photosensitizers vary greatly in structure.

Recently, a mechanism originally proposed by Kautsky (1939), in
1931, has gained support and general acceptance to account for most
dye sensitized photooxidations. He proposed that light is absorbed
by the dye to give the dye electronic triplet which interacts with
ground state triplet molecular oxygen to give a singlet molecular
species, which is then the active agent in the oxidation. This is
often referred to as a Type II sensitized photooxidation. His views
were largely ignored for 25 years, despite demonstrations that the
dye and the substrate in a sensitized photoogidation could be sepa-
rated some distance by a layer impermeable to either but not to oxy-

gen. He also showed that reactions could take place when dye and
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Figure 1. Molecular electronic state of oxygen.




4
sensitizer were absorbed on separate grains of silica gel, allowing
éﬁly for fransfer of excited oxygen between them.
Figure la diagrams the molécplar orbitals and the ground state '

triplet electronic configuration for molecular oxygen. The highest

- occupied orbitals are the antibonding degenerate ﬂ*xy' which are half

filled. Figure 1b diagrams the electronic structure of these highest
occupied orbitals in the ground triplet and the first two excited

. 1 . , . , .
singlets. The Ag singlet is geneérally considered to be the main

mediator in dye sensitized photooxidations. The lZg state is thoﬁght

to be easily inactivated and hence not easily available for réaction
even in systems where it may be generated. A growipg body of evidence
subports Kautsky's mechanism

It'isupossible to generate singlet oxygen, especially the lAg
state, by a number of methods which are independent of dye aﬂd light.

|

When oxygen so generated is allowed to react with olefins which give
distinctive ratios of products with dye sensitized photooxidation, the
same products in approximately the same ratios are obtained. Dye free
systems which can be used to generate singlet oxygen include elec-
trodeless radio frequency discharges in low pressure‘oxygen, the
reaction between hydrogen peroxide and "positive vaience" halogen
compounds, most commonlf hypochlorite, the decomposition of trans-

annular linear polycylic aromatic peroxides, the decomposition of

triphenyl phosphite-ozone adducts, the decomposition of
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1,2-Addition Forming a 1,2-Dioxetane
Which Decomposes to a Dicarbonyl

Figurg-z. Reactions of lA,g Molecular Sihglet Oxygen with Olefins
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perquchrométes, the decomposition of peroxyacetyl nitrate (PAN) and,
perhaps, certain enzymatic reactions. ' |

Oxidations mediated by singlet oxyéen typically are rather.se—
lective in the type of structures attacked gnd épecific in the types
of products obtained. Considerable parallel has been drawn between
reactions of singlet oxygen and the Diels-Alder and "ene" reactions.
Ground state oxygen behaves chemically as a diradical since if has
unpaired electrons in its highest'orbitals. The sigma singlef is also.
thought to react similarly since its electrons are alsc unpaired, but
because of its short lifetime, its'chemistry_is poorly developed
(Foote; 1963; Kearns, 1971; Ogryzlo, 1970). Since the delta singlef
has all paired eiectrons, it has symmetry similar to ethylene and re-
acts with conjugated dienes and substituted double bonds'in a similar
concerfed manner. Figure 2 illustrates the typical reaction course
and products for these reéctions.

Some instances of 1,2-addition to double bonds are known al-
thdugh this does not seem tb be the typical course in‘most'cgses'
(Fenical et al., 1969), s

The oxidation of indene shown in Figure 2 illustrates this type.
of reaction. This type of addition seems favored by eléctron r;ch'
substitutes on the double bond and a lack of a—hydrogéns. In the Ease
of 1,3-addition to an isolated double bond, reactivity is in the order

of unsubstituted increasing up to tetrasubstituted by a factor of ten




for each methyl or equivalent. If substituents on the double bond are
all different and each has the alpha hydrogen as shown ih Figure 2,
then generally all of the four different hydréperoxides'will be pro-
duced in ratios which are fairly constant from one source of singlet
oxygen to another. Production of such typical ratios is considered
one of the more definitive tests o£~the presence of singlgf oxygen in
a given reaction system. While the same products may'be obtained by
certain“frée radical oxidations, the product'ratids will generally be
different and the whole reaction can be quenched by radical scavengers,
such as substituted ghenols,-whiqh is not the case with a single oxy- .
gen reaction (Poote, 1968).

Quenchers for singlet oxygén are known. The:exgct nature of
their reaction is not clegrly worked out, and is undoubtedly different .
for each type. The main types of quenchers currently considered afe
polyenes of seven or more conjugated double bonds, tertiary amines,
azide ion and hydroxyl compounds. The most commonly cited egample of
the first is B-carotene with nine conjugated double bonds. A number
of tertiary amines have been used in various studies, but the most
éommonly discusse& one is l}4—diazabic§élo[2-2.2.]octane (DABCO, txi—
éthylenediémine) (Kearns, 1971). Water is perhaps the best hydrokylic
quencher. Work by Nilsson et al. (1972, 1973; Merkel ‘et al. (1972))
has shown that the efficacy of hydroxyl as a quencher. correlates witﬁ

how well "tuned" the bond stretching overtone vibrations are to the .
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23 kcal. energy level of the singlet oxygen. Based on this obser-

vation, they devised an' elegant tést for the action of singlet oXygén =

in aqueousbéystemsm 'Deuterigm is enough mdre massive than hyd;ogén‘
that bond Qibration energies are "détuned" to a great eﬂough dégree
that the lifetime of singlet oxygen in aeuterium oxide ié abouf ﬁen-_
times (20 lseconds V5; 2 usecondé) that in w;ter. Aé-a resﬁl£, a '
reaction run in deutgfium oxidé; evergthing else béing equal, will
proceed up to-feﬁ times as fast becauée of hiéher stgady.state-éoné"
gentratibns of siﬂglet,oxygen. Coupled witﬁ a parglielvre%ctibn with.

a quencher, such as azide, where singlet oxygen is inhibited, this '

constitutes the best current test of an oxidatibn_for singlet 6xygén .

inVolvément where oléfinic a@ditioﬂ prédﬁét fatibS-can nbé appl?,
Direct @étectiénléf'singlet onggﬁ ca#,bﬂly‘be déne gpéqtror
scopically; The tganéifi?iqn from the 23_kcaiﬂ/mqig level to gxouhd_
state causes an emiséion at 1,280 hm.:;This can be gséd t6 monitof )
the‘concéntration.of the. species in thé gas phase.,_Unfprtunafelyh
this region of the sbectfum is not convenient to wofk.with, éﬁe‘to

instrumentation requirements, so this band is not often used. Both‘:

" the delta and sigma singlets are able to'undérgo a remarkable bimolec{

ular emission process which can pool the energy from two~molecules'to

-'giﬁe, in the case of the delta species, an emissioﬁ:at 634 nm and for .

the sigma 382 nm (Bader and Ogryzlo,. 1964). The interéction,of:the'

'-', two different species gives a band at 478 nm. The.bimolécular délta ‘
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band at 634 nm is often used to menitor the concentration of the delta
singlet in gas ;eactors. This technique of concentration monitoriﬁg
has not been showﬁ to be useful in liquid réaction systems, even
though it was thé chemiluminescense of the reaction of hYdrogen’per-
oxide and the hypochlorite ion (at 634 nm) which célled atténtién té'
this reaction as é source of singlet éxygen. The emission may coﬁe
from bubbles and not dissolved oxygeﬁ; Since the 634 nm emigsion is
bimolecular in nature, it is dependent on the squafe of the concen-
- tration of the delta singlet. The uﬁimolecular 1,280 nm emissioh is
directly proportional..

While more technically tractable as a source of monitofablé
emission than the 1,280 nm band, the 634 nm band is still faint enough -
to réquire‘rather'seﬁsitive equipment, including monochromation, for
use as a monitor due to the relatiVely long radiétive lifetimes of the
A species and its bimolecular complexes.- It was Qbserved that the
coal tar dye_violanthrdne gives an intense red emissiop,with singlet
oxygen (Ogryzlo and Pearson, 1968). This reaction is due to the trans-
fer of the electronic energy from two singlet'molecules in a twostaée»
simple quenching process, without other chemical reaction. This re=
action has been ﬁsed.to monitor the output of an eiéctric diséharge
(iﬁ this case a‘microwave induced'discharge) sinélet oxygen generétor;’
The reaction is inténse enough to be readily visible to the eye in a

semidarkened room. As in the case of the 634 nm band discussed above,
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this luminescence is propoftional to the square of the singlef oxygen
conéentration. |

Photooxidation of substrates of biological iﬁterest, such as’
proteins and nucleic acids, is now generally conside¥ed té-invqlve
singlet oxygen, even though the picture here is someWhat less clear-
cut than in the case of olefins. Seﬁsitized photooxiéation of micleic
acids seems to primarily attack the bases.. While all thé base;-seeﬁ
to be susceptible to photéoxidation, guaning is the most susceptible
of the five common oﬁes. Adenine is the least reaétive of this éroup,
being about an order'of magnitude less reactive ghan guaniné. Studies
of the singlet oxygen oxidation of nucléié acid components have de-.
mdnstrated'these rélative reactivities using, besides sepsitiged
photooxidation, radiofrequency discharge-flow systems and hydrogén
peroxide—hypochiorite reactions (Clagett and Galéh, 1?71} Halleteﬂ:al.;_A
1970). The main obstacle to clarification of what exéctly is happen-~
ing is these reactions is that the products from any of the bases are
complex, poorly cﬁaraéterized mi#tures, Of the Studies.meﬁtioned,

the one with the hydrogen peroxide—hypoéhlorite suffered from the

added handicap of side reactions with the reageﬁts} which have nothing

to do with singlet oxygen. This has proven to be a problem with
studies of this system and proteins.
That photodynamic action on proteins can proceed by sindlet

oxygen pathways is well established. However, there is a considerable
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bédy of eVidencé.that in many, if not most, Eases the ;éaction is not
‘as éimple as with olefins. _The%e is eéidence for dye—substfaté iﬁter—
actions and the degrge‘of protonafiqn of the éubstfate may effeét‘the
reaction. Of tﬁe twenty or so amino acids'féﬁnd in pfofeinsy énly.-
. five have beeﬁ demohstfated to be notably susqebtiple ;Q sensitizéq
photooxidation. - These are methionine (Métff-ﬁistid;ﬂe,(ﬁis), Tfyfto—
phan (Trp), Tyro;iné (Tyr) andCyéteine—éystine(éysH, Cysz).‘.Thét-£he‘
first fwo are probably photéoxidiéed;ﬁy singlef bx?gen‘ih‘mpst”6f théf'
:sensitized‘systems studied ié sup§6¥£§d gy récént studies uéing_the-
deﬁterium‘oxidg and azide test syétem;. Tﬂese.th residues'gre*tﬂé
usual targeés of Sénsitized photdoxidation of prqtginé,and the‘inAAtif
vation of enzymes ﬁsﬁally‘pafalléls_tﬁeir déstfugtiqn;‘espégiéllyf )
that of ﬁis. \The same can be saia‘about'Trp with less confidence.
The nature of the.photooxidatién_pf Tyr and éy;Tiskﬁgr'less'clear and |
_evidences for directrgye meqhanisms éxist:,

The bgodqé;s‘éf phqtooxidationlof these amiﬁo_écids are wéll
chargcterized iny.for Met and fgi;iy wéli undetStood-fof Tré. Met is
“oxidized initié;ly-£§‘a sulfoxide aﬁd soﬁeﬁhgt more slo&ly tovfhe'sul;“
‘fone. “Thére'is-one report of sensitized oxidatiqn to_methional by
1umiflavin containingﬂsensitizers,_but theréxi$V¢onéidef§blefr§aéon
to believe that this~maylrepgé$ent aﬁ exambleféf.a.dirgcfldye mecha—
. ﬁism. Trp can be oxidizéd to seVeial produété; If thé dfamino group

is blocked by an amide bond, the main prpduct'is o
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Ot CHy - cHy

$ §=0 0=4=0

GHy lo2 GHy 1o2 _ CH,

(?HZ e ' 'C'JHZ | — C';Hz
NH=CH NH=zCH NHsCH

2 ] 2 ) R 2'

COOH .COOH cooH
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Sulfoxide . Sulfone

Q :
CHZ‘ QH-CO‘OH : —C-CHZ- CH-COOH

NH, 1 " NH,
— /_NH-CHO
Tryptophan . N '-Porinyl-Kynurenine ‘

Figure 3. Products of photooxidation of methionine and tryptophan.
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N’-fdrmyl-ﬁ—blogked—kynurenine. 'If;the amino ié“péﬁ.bipckéa, besides -
:éhggkynurenine product, meianine prodﬁcts_are-foimed. fThese are usﬁ}¢
ally intractable bxéﬁn polymers. Other‘prodﬁcts have.béén observéd |
uﬂder-speciallcondiﬁions. fhere seems to bgvéomé slight qﬁestion
about the yield of kynureﬁine in ghe blécked case. Most authors feel
:it is quantitati&é, wﬁiletathersquestion thislﬁut rép&rt no oéher
identifiable products. The photooxidation of Trp sgnéitized by ;umi—
flavin and such.lumiflaviﬁ éontéinihg compounas as-riboflavih‘éhbws
some feétures which seem to reqqire invoking éome-noﬁfsinqlet oxygen
mechanism. Oxidations seﬁsitized-by the mdre ﬁsuél rose béngal or
methylene blue in oxygen ricﬁ media-sgém Eb have.fg;tﬁfes.qoﬁgistent
-~ with singlet oxyggﬁ mechanisms. The lumiflavin sensitized phoﬁo*n
oxi&gtioh of TTéicaq be acceleratea by the'presence.of rougﬁiy equi-
mblér am&uﬂ£s 6f_adehine. At the éame time, oxygen was found to'actu—,
ally qﬁench the'réaetion, giving lower dquantum yieidé (éoshimur; aﬁd
Kuto, 1973) . | |
The‘oxidation of His 1is coﬁplex. A study by Téﬁita et al.
(1969) repofted the isolatién of 17 cdmpoﬁnds’iﬁ pure form from'thef
sensitized Photoqxidation of N—benzoylhistidiﬁe. They.éuggested a':.'
course of reactions Which begins-with a l,4—cyq10g§§itign of_sihglet‘
oquen to the imidaiole.riﬁg; |
The photéo#ida#ion'of Cys; eiﬁher as CysH o? Cy$2,'is_less-we11

understood. It is susceptible to photooxidation, -but uéually at a




Cig -
much:sloWer‘rafe than Met or His. 'Jb?i ef.al; (19695) ;ﬁd‘Bellin'and;':
, Yankus’(l96§) ha&e‘reparted the selectivé bhotooxi&ation.éf'Cys;
éépeéiallf as CysH,.by crystal violet. This dye will‘ﬁot sensitize
'thg photooxidation of His or Met. Work on model disulphide compounds
" with gas dischargé generated’ singlet oxygen( sﬁpéorts fhe'idéa tpat‘,._’ﬁ
Cys2
so far identified fo; the sensitized photooxidatién-of.Cys is cyéteicf:
acid, -although the models suggest‘pthers shéuld,be p;odﬁqea;,pgfhaps
as iptefmediates. | . i "

- The photooxidafion of Tyr;is perhaps the:least‘pndéﬁéﬁoéa of }-
£hé fi&e. Tyr is-ﬁof'very susceéfible to bkidatipnfin the,ﬁﬁch;rgéa.
fqrm; ‘At.higher_pHs; where the ?heﬁoiicf&rou@ is ionized,.iffdoés:
sﬁow some reéctivity; This correlates ﬁith thé éxpectatioh that Siné;

:;e£ oxygen~is elect;ofhilic and woﬁid tend to réacp better with the
ring when it has‘é‘higher electrén dén;ity;x A similar,effeét is noted
With His. His is léss reactive at lo@ PH where the imidégole is pro-
tonated than>ét_higher pHé where.ﬁhé rihg does not have a poSitivé'
charge. Very ligtie is known abdut thelprpaucts éf Tyxipﬁqtoéxiaatioh{
which seem to be ﬁel;pine type daﬁk pplymefs. |

There_havé been no reports of o#iéatiéns‘bf amino acidslas_such

' by dye free _s_inglét' 6};y§en systems. 'C‘Z_lr-li:lrakové éi: -_a.l.. ha\‘r_e‘re_por."tled'

the‘oxidation of lfstyme in a flow—elecfric discharge éystem. ,fhey

demonstrated that the chromatographic behavior of the oxidized enzyme

should be susceptible to singlet oxygen attack. The onlyAproduct‘ *1'J
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matcﬁed that of methylene blue sensitizedlbhotooxidized lysozyme and
that the disappearance of His and Typ paralieléd that of the photo-
oxidized reaction. They did not identify any amino acid products.

Effects that are so far no£ explained with regard to the photé-
oxid;tion of amino acids, and even more so of protéins, are aépects
of dye substrate specificities. In reactions with olefins, a test
used for thg singlet oxygen mechanism is that with different sensi-
tizers, two different substrateé will give fairly cohéistent fatios
of the rates at which they are oxidized. ' This test has been extended
to electric discharge and peroxide-hypochlorite systems with consis-
tent results. When this type of,comparispn is made wifh a range of
sensitizers on the aﬁino acids listed above, the ratios aré rarely
consistent. In one study,‘the ratio of oxidation velocities V(Trp)/ -
V(His) varies from 0.9 for gbsine Y to 0.25 for thionine. Thionine
is noted in one étudy witﬁdimethflanthracené,as clearly being able to
function in both Type I (electron abstraction) and Type II (singlet
oxygen or Kautsky) mechanisms, depending on the availability of oxygen
and substrate (Kramer and Maute, '1973). Severai aﬁthors ﬁaye shown' 
that the decoloration or bleaching of methylene blue can be achiéved
under anaerobic'conditions in the presence of amino acids (Weil, 1951;
Knowles aﬁd Ggrnan, 1972). A sumﬂéry of the results of two different
studies is that: 1. Trp reacts uﬁder these conditions at pH 5.8 and

8.0; 2. His reacts at pH 8.0 but not 5.8; 3. CysH reacts at pH 5.8;
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4. At pH 5.8 Tyr,. Cys,, Met, Alanine, and Phenylalanine _arel not sig.—-

nificantly reactive;.5. At pH 8.0 Met and Tyr may be slightly active;

6. N—acetyl-Trp dqés'not react at pH 5.8; 7. The products of Ehe amino :

acids under these conditions have not beén"idéntified;ﬁ Iﬁ/is.of"in4
terest to note in passing that methylene blue différs_from thionine
by four methyl groups (it is N,N,N',N)-tetramethylthionine) and it -

would not be surprising if it could undergo electron abstraction re-

actions, and it is well known to be reduced by-many.active:reducfantél,

Phoﬁobléaching does not seem to #éﬁe;plaée aten{éppréqiab;e'?ate iﬂ-
the presenée of oxygen. If a photobleacyeavmé;hyleﬁe'biﬁg;aﬁind éqia
'sglﬁtion:ig allbwed'ta oxygenate;:méét 6% thé methyléné biug is re;
generateé; | |

A sgnsitigér, Hematoporphyrin, whiéh.uéug}lyfgives'res#lts:witﬁ
olefins consistent with the‘singletxoiygep mééhanism,-is repér;ed to
give anomalbﬁs résults with amiﬁo'aéids kJQ;i et_ai., 196%b). At
PH 6.1, Cyéé, Eié;'a£d Tyr were_fo@nd to'bg'unreaCtive.aﬁd Trp.ﬁas'.
only slightly. Uﬁder the same conditions; Met waé'fépidly éﬁd quanti-

tatively convertedﬁfo_Met suifoxide, . The élight;reéctivity;pf‘ﬁrp.wgs

removed when it was blocked at the amino groub.,-The'ééme‘authofs re~ -

ported that under these conditions one of the two Met residues in
lysozyme. can be oxidized to the sulfo*ide,,ieaving all bther residues
‘untouched. A later papei‘in the same series reported that two mole-

cules of hematoporphyfin were bbund pef molegule‘of‘lYSOZYme and.thét
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this binding shifted the absorbtion spectrum of the dye (Jori et al.,
1971). They reported that light absorbed by the bound dye and notthat'
absorbed by the unbound was effective in causing the photooxidation.

When an intact enzyme is subjected to dye sensitized photo-
oxidation using, mqst commonly, ﬁethflene blue, rose bengal or pro-
flavin, cbnsidera#le selectivity in which residues are_okidized is
noted. The resﬁlts can usually be intérpretgd in.terms_of availabil-
ity of the target residue to the singlet oxygen. .Aﬁ oééasional case
is noted, as with ly;ozyme and hematoporphyrin where the results sug-
gest that the reasonﬁone group is selected over another is some type
of binding of the dye to a specific site on the protein, which, even
if the oxidation is singlet oxygen mediated, would permit a prﬁximity '

effect. Generally, if a protein is unfolded by use of high molarities

of urea, etc., all the His and most of the ﬁrp can be oxidized (Sajgo,

1963) . Most of the Met is probably also oxidized under the same cir-
cumstances, but the usual work up involves acid hydrolysis with sub-
sequent automatic amino acid analysisl .Thié generally will show only‘

the Met, as MetSO is usually reduced to Met by acidvhydrolysis with

hydrochloric acid. Basic hydrolysis is necessary to recover ‘the sul-

foxide. . -
Considerable use has been made of Ehese‘types of selective
photooxidations to define residues, particularly those of His, which

are “"critical", usually implying in the active site, to the action of
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_gn:enzyme. Cpﬁ;iderable care ﬁas'to bgiused‘iﬁ inﬁetpreting this_n-;f
data, éince in thé'reported-casé of -oxidation ofiéné;%ésidué of'Mét iﬁ
ly%oéyme'(Jori et al., i969b), the residﬁe‘is réﬁbrtéd té.ge Met—lz,:
In X%fa& determined stfuétuyes bf'lfsoéyme} this resiaﬁefis on the
opposife sidé oflthe‘enzyme'from the actiye sité{"Thé cénvérsion 5f
this Met to the sulfoxide is reported té lower Fhé!actiéity to 544 of
_tﬁat of the nativé.enzyme. The iﬁpiibatién of this is that thé'addi—

~ tion of one étom éf bxygen.to the Mét can §o:éltér theAconférﬁation of
-the enzjmg thaﬁ its catalytié activity isflargély ﬁindered;,even
though this residue is‘no# diréctly in%olved in theibataiysis, chh:
.of‘thé Qldéf‘literatﬁ¥¢‘in this aréa;repoft.éffec£s Which'§an'bg ihff
teréreteé as either deséyuction df‘"caéai§£ié"-ﬁesidﬁésaor conforr-
mgtional'changesu In host“cases,‘theaforﬁergintéfp;et;tioh'wés, at
least, implied.  In studies where'sﬁbstrate or enzyme'bofactors één

be shown to p:étect the enzyme f?oﬁ seﬁéitized phbtqéxidafion, the
interpretatioh thé£.£he té;get'residﬁeg.are cafaiytic or alloéteric

- sites is oﬁ;fi?mgr gréund;‘ Oﬁe.éﬁthér‘(Wes£héad,-19?2)‘haslguggééted
tﬁat the use‘of dyétsensitizedAphdtooxidation té'investigate protein‘

structure has‘nof,yet'fulfilied'its earlier promise.




STATEMENT OF PURPOSE

.This work was initiated to elucidate the mechanisms of. the dye"}

sensitized photooxidation 6f ?roteins: This class of‘photéoXidationSA
has value for the selective mbdifi?&tiéhé?f'prbtéins:to iqves£i§ate‘
their.pature of action. ﬁsually; gn in;estiéaéioﬁ'bf;fhis~£ypélw111 
" be considering‘thevmeqhanism of ca£glysis‘of ap:ehéyme,_ ﬁy-éeleg—
tively modifying some. or all of the proteih residueé.éuséeptible to
séﬁsifized photooxidation--His, Met, Trp,-ch and Tyr--information
can bgllearned qbout the involvement éf these reéidues in the.ca£aly- )
sis. The better the‘éeﬁsitiéed fhdtbéxidétioﬁ.pfocésg is uﬁderétooé,
- the more useful'wiil be the information obtained,from ghesé photo-
oxidations. If hiéhly specific mechanisms of'action could -be fOund,' 
© ones which oxi&iéed-onlyuone type 9f>residue;'£hen the utility:of'aYé’
sensitizeq photooxidatioh could bé‘imptovéd as:thg involvémentuof'
single résiéues or tyées of resi@ue§,§oﬁléﬂpé.§pen to invéstigation.
At the tiﬁe ;hege studies'wgfe‘startea,Lit"wgé gege?ally felt‘
;hat; in at igast'sémé‘cases,“dyé éen%itizé@ phqtoo#idatipﬁs could be
mediated by singlet okygen,ip'Ty?e‘II mechaniémﬂ; However), no data
were ayailabié which- could bélexplaineé oq}y in terms of a‘fype T
mechanism, to the exciusién of T&pe'i mécﬁanismé involvihg difect dye
interéctioné~witﬁ the:subsﬁrétest
It was known that singlet okygenuéould be generated'by dyg free

systems, and that oxidation of certain olefinic substrates by these..
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systgﬁs gave the same distinct;ve:éféducts that wefe observed in_dyg‘ :
'sensitized_photooiidééions., Howe&er, it waé npt'knowﬁ ifAdyé.f¥ee
singlet 0x§§e§ okidations éf proteiqs and amino aéids.gAQeAthe'éame
products fhat were ébséfved in dye'sensifiéeé.phqtooxidatioﬁs:,indeed,:”
it was not even known if amino acids Qould reacf with'dye-f;ee sing-
let oxygen. | N
The first major question; ;hen,'that wés‘addrgsséd in this in-

vestigation was: Does dye free singlet oxygen react with préteins
and aminé acids”aﬁd, if so,‘do'thg amiﬁq acid prgducts;of dye ﬁree
‘singlgt oxygen 5xidation compare Qifh #ﬁpse qﬁfdyé sénsitizéd:photq—'
oxidation? The study of this que$£ign in&estigated fhe inactivatioh,
.in solution, of lfsézyme by miqrowave:dischgrée gehéra@ed éinélet
oxygeﬁ, but primariiy;investigated thé reactions of thevamino,acid

Met and the amides, N—benzoylhist@dine, N-acetyltxypfophan and N-

‘glycyltryptophan with both dye senéitizéd‘photooxidatién and microwave  .l'”

discharge génerated singlet oxygen. The results of .the oxidations of -
the amino acid,and_amides were coﬁpared by thin 1aYer chromatography.

~ Subsequent to the time these investigations were performed,

&

Churakova et'al,'(iéﬁS) reported on their work in @ééétiﬁéting"lfég?

zyme iﬁ solutiqn by miérowave genéréted singlet oxyéénl ?Whilé they ™
did not.investigaté:the natﬁ;e of:thé aqinQAacid products,‘tﬂéy did _'-’
shéw that the diéépp;afance of-T?b,ana ﬁié p&rélléléd t#at Qbsef&éd'y

in methylene blue sensitized photooxidatibn." Thisvanswered_most of
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the major remaining questions regardihg the reactivity'of'an:iﬁtact'
.protein in this type of system so:other areas of the méchanism of dyé-

sensitized photooxidation were investigated. - -

The second majo¥ question that was conéidéféd was: Are there.

any éruly specific dyé éensifized bhé;ooxidatiéné‘that‘éould be @éed 
for highly selective médification of individ#éi residuesrprntypeé‘of
residues to'clarify the residue'g Qurpose in the protein?‘ Since a”
fype 1T, siﬁglet oxygen mediated, mechanisﬁ woﬁla be expectea to
react with all the éusceptible reéidﬁe;,lat least to sdﬁe degpee,as ‘
they are gvailable to ﬁhé mediatoi}:this waé,;thén; théxééaréh forvé

dye reacting by a Type I mechanism where specific dye-substrate -in--

‘teractions would provide selectivity. At least two systems had been o

feported in the Iitérature where this type of sélectivity had been
observed. The first, reported by Bellin .and Yankus. (1968) and.Jori
et al. (1969a), involved the specificuphotooxidétion of cysteine sen-

'sitized by crystal violet. The ‘second,’ reported by Jori4etﬂal;:

(i969b),invqlved the specific photooxidation of Met, bofh,free-and in

'the prqtéin lysozyme, sensitized by'hematoporphyrin. These systemé(

weré investigated (the first very briefly) to.confifm'the.répqrts-sol"

that the work might-be extended to p;ovide useful protein modification :

tools.  The first'reaption was studied with.a;Cigrk okygen electrode.

The methods of Nilsson, Merkel and Kearns (1972), iﬁVolViné deuterium

oxide'enhancement.and azide quenchiggaqf‘sipgleE;OXYgen to
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differentiate Type'I.from'Typg II‘@echaniéms, were used to:iﬁyesyi—
gate-the_éecond; | "

’The éffects 6£ singlet oxygen iﬁ the. gas phaSé.én solid pro-
teins and amino acids wefe inves#iga#éd. ‘This Qbrk‘was.ah 6ﬁtgr6Wth
. of the Qork with pfof@ins,aﬁd aﬁiho;acids in éolufioﬂ.ﬁsinguﬁicrowave
discharge gene;afed singlet oxygen, bqtfoffeged'the opportuniéy‘£0‘: 
Aleafn éomething about the effect éf a potenfiai air pollutant on pro-
tein structures. Work by Davidson and Abrahamson‘(l9%2) and ffomlthe
"laboratory of'Pitts (Coomber et al., 1976) have shown that singiet
oxygen can be generated in polluted atmosphereévby pﬁétoreactions
éeﬁsitized by various-pollutantsy-ﬁakihg this.inv§s£i§ation of“soﬁe;

thing more than academic interest.




METHODS AND MATERIALS -

.Gas Chromatography
All gas or paper phase chromatographic determinations‘Were run
on aF &M Blomedlcal Gas Chromatograph ‘Model 400. Two columns were
used. Both were filled with an absorbant prepared by coatlng 45 g of‘
Chromosorb W w1th 5 g of Carbowax 20 M in lOO ml of chloroform, then
»remov1ng the chloroform by low presSure evaporation andvheating over- -
night in a low temperature oven. A'four'footﬁlohg column.of sila-
nized % inch O.Pu glass and an 18.foot‘coluhn'o£ %‘O;D,_oopper'tuhing
were made. The short glass-columntwae used ih:inrrial ethdiesxwith
2,5—dimethyl—2—hu£ehe'and ite oxidationAproducts.'“ihe longer columh
proved more satisfactory'and was used Qith both olefins and their
products. Chromatograms were run at varioﬁs tehperatures up eo 200°C
" with most work being done at l66°C. Flame ionizatioh detectroh was’ -

used with helium carrier gas.

Mass Spectrometry

Mass spectra was taken on a Varian CH-5 ‘Mass Spectrograph op-
erated by Dr. P. W. Jennings usinéfa Varian Aerograph gas chromato-

graph inlet.

Visible and Ultraviolet Spectrophotomefry'

Absorbtion spectra were recorded on a-Cary—l4'Recording Spec-

trophotometer. Initial work,with'lysozyme'acpivityrassays used
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Beckman DBhor B. and L. Spectronic 20 spectrophotometers;. Later mork,
whioh was the majority, and all\ribonuclease aotivity.assavs used a
Beckman Dd—; spectrophotometer. Determinations ot the ratio‘of the

‘absorbtion at various wavelengthsfwere done on..the DU-2.

Automatic Amino Acid Analysis

All analyses were run on a Beckman Model 120 C Amlno Acid Ana;D
lyzer equlpped w1th an Infotronlcs 1ntegrator. Threemcolumns were
'used in these studles.' They were about [3 cm, 21 cm and 60 cm long.
The first two‘were used for resolutlon of ba51c amino ac1ds u51ng
pH.5.26, 0.4M Na citrate buffer, while the‘long column‘was_used for
acidic and neutral residues usino two buffers'Whioh automatically h
ohanoed duriné a'run.‘ These buffers“were pﬁ 3.23 and 4.25 oitrate,

‘ both(O.ZM Na+. Samples of-approximatelv 1.0 ml were introduced_to

the columns by means of automatlc meterlng values._ A "good" loading
of a partlcular amino acid is 0.02- 0 3 umole)ml. Outputs were both
.in the form of strlp chart‘absorbance graphs and an 1ntegrated number_
which gave relatlve values for the peak areas.H'Calculatlon of the re-
sults from these outputs conslsted of d1v1d1ng.the,unknown‘s inte; B
gratlon for a- partlcular peak by the 1ntegratlon for the same re51due
;;1n the most recent standard run. ThlS number was then multlplled by
the number of moles, usually 0. l Umole, that the standard represented.

When all re51dues of a run were converted to thlS molar value, a
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common denominator divisioh converted the mélar valués to;nuﬁbers of .
residues. Since all préteins usea’in this étudy are well charac£er—’
ized as to their.integral contents of vgrious residues aﬁa‘the rela-
tive.émounts of phehylalanige (Phe),_tyroéine (Tyr)., alanine (Ala),
;spartic aéid (Aép) and lysine JLys;‘afe relatively,less‘likely to be
affec£ed»b§”artifacﬁs of the determiﬁation}'bne o? m%fe oflghese res—
i&ugé were génef%l;f used as .a basis for a éomﬁon denominator caicu—

lation.

Microwave Electrodeless Discharge Gas Flow Singlet Oxygen Generator.
and Reactor -

The reagtd; Was.constructed oﬁ.thé féilbWiﬁé matérialg:én@
"equipment. The.pgwer'sourcé was a Raytheon'PGM—lO—XZ‘mic?owaye power
'génerator operating_at 2450 MH=z. jThis.in;tfument‘éeems‘tofhave beenﬁ
‘originally designed for medical‘t#erapeﬁtic pﬁ?poseé.‘ Figutre 4 shows
the form and dimensions of the g;ass part of the:éystemJ The céﬁtral
discharge tube wés'of'Vycor fusedhquarfz glass._vjhe:rést'of the
g;assware was Py;ex ér Kimax. TheIquor £ﬁ§é'was neceésarysbecauée of
thérmal s£resses:in thé vicinity of the discharqé;. The péwer from‘ﬁhé.
generator Qés céupled té_the éasiétééam in théxdiécharge tu5e 5y.means
-of eitﬁér an Evanson Cavity o?>a“¢ype C-Raytheon médiéal.antenna'as
modified at the sﬁggeétion‘of Dr. Louis Owen (l973)., Thg Evansﬁn‘

' Cavity was used‘in early work, while thé OWen;Type C proved more sat-

isfactory and was uSedIlatérm The Owen modification consisted of
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bending the réflecto# wings of the Type C'anfenna fromlﬁﬂeiriiﬁitial
right angle until the sides are parélle; and aboﬁt 35_ﬁﬁ'é§a£t: A |
sheet 6f aluminum foil was placed_aéross thé open side ﬁo éivé a‘fec- :
: tanéular box, open aﬁ:both ends, of.3§'mﬁ:by 62 ﬁm'c;oéé‘sécfidnéw
The'ProtectiQe plastic shiéld over-the-dipolg was rémoved as it tended
to méit and was got ﬁéeded for pfotgétive purposés; Cooling of the
'.‘disghé;ge zone waslprovided by jéts‘éf fil;eréd'h&qse air. Thé
Evanson Cévity hés broﬁision for at£a¢hment of air jéts;. The modifiea‘
Type C was cooled bf.directing air ‘on the aiéole;. A vigoroué aif jet
isuqecessary. |

| A mixturé of 10% okygen iﬁ.helium (Aircé Rarelaﬁd‘Speciaity -
Gases) was used in the\bxidatiéns in.liquidAsolutiQns. Other Qork -
used pure oxygen or carboh.qioxide.:.The helium aiiﬁtéd oxygen was
necessary whep‘workiné wi;h aéuedusisoivenﬁslto prgyenﬁnéxcéésivéf
evaporation.. This'rééctor will not maintain a discharge at pressure
much above 10915 torr in pure oxyéeﬁ.“Thg discharge can be maintai#ed
up to 50j60 torr in the diluted ggé.sd'that w;tgr'lgsé from- the re—.
actof'bf evaporafipnfat low é;esgufe-éan be ﬁiﬁimiéedtn'The éreééuféf.
was uSuélly mainﬁained,at 15-20.t6rr dufipg ;ééctiops with iiquids;
The power output of the generator was ratéd'ét ;Db:wéttsf: 6per;tion.~
was at 20 to 80% power. A_discharéglfréﬁ a-Tésla'coilxwaélusedhéb'_‘.”
.start thevdischafge.'-Thereuwas no‘pfovision;availabie_fo;'monitoriﬁé

either gas f;ow'ratés.or singlet oxygen éoncentiations'directly.
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Thére were indications from lafer work using yiolahfhrone to monitor
singlet oxygen output‘that'optimum:conditions.were'15‘tbr? at]20%:
power in 10% oxygen in helium and three torr a£ 20% power in pure
oxygen., | ; |

The gés'stream paésed over a small'pooi,of mercﬁry ahead of
" the dischgrge.' A ring of mercurid.oxidé formédA60wn§tream\from ;he.
éischarge.:iThis is supposed fo remove atomiéVOQY§éﬂ 5y'éurface ééfa—:
lyzed recombination aha prévent its formétion of:ozpné,(Furukawae£
al., .1970). During.start.ups aftér the discharge tube had been
.clgansed (rinses of 3 N_nitric'acids, the tqbe hoi@ingttﬁe mercury.
was heéted,brief;y with a match_td.rapidly form,the~dxiae ring Eéfbre
substrate.was_placed inlfhe reactién flask.

The vacuum pump_wés protected by a dry ice trép'(iiéuid nitro-
X gen with methanol reactions) to rembve'waﬁer evaﬁorafed from liquia
reaétions. Dué-to évaporation.from aqueous solutibﬁé, 10;20 ml per
{ hour of water was added to maintain the %olume. The soluﬁions:wgfe
maintained ét 0-5°C. Eecausé of evaporatiVéhcooliﬁg, itlwas necessary .
to use a water ba£hiof”cooi (ca. 10-15°) water tp_wérm the reaction
flask sufficiently to prevent freezingt{;

Reactions which. used solid;éubsyrétes and céntaihed nolliquidé
did_not use a.cold trépt_ when the subStrate was érésehf as or-on a
powdef, theﬁ a glass lypholyzer assembly was. used éé é dqu t?ap té

protect the pump. The gas stream entered the lyphpiyzer at‘the
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bottom, through one of the ports provided- for attachment of samples
to be lyophilized, and exited at the top permitting dust opportunity to

settle.

Instructions for Operation of the Reactor

1. Assemble the reactor as shown in the figure. Don't place
substrate in initially. Be sure small (5 mm diameter or greater) pool
of mercury is in the mercury source. Use only Vycor or equivalent in

the discharge tube due to thermal stress. Pyrex won't work.

2. Align the dipole antenna of the modified Type-C antenna
parallel to the Vycof tube as far upsgream 9# the'narrow part of the
tube as possible. The dipole should be as close (1=2 mm) as possible
without touching. éover the open side of.the antenna with aluminum

foil.

3. Align the air jets to blow, as nearly as possible, on the .
dipole and the part of the tube next to it. ‘Turn on enough air that
it seems noisy. The jet can be conveniently constructed from a plas-
tic 2 X 15 cm drying tube fitted with end caps which have tapered
nipples for attachment to gas hoses. Tape the caps §n._ A disc of
thin, open fine pore sponge rubber in thg tube makes a good low-
pressure-drop fi1£er. Use the nipéle at‘one end fo£ the jet and at-

tach the other to the air line.
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4. Make sure that all connectors for the ﬁower qnit's coaxial
cable are tight. The "Range" setting shoqld be at "CWﬁ and the "Rad-
iate" switch down. Turn on the "Preheat" switch. If the "Standbf"
light does not come on in 2~3 minutes, recheck the cable connections
at both the antenna and the power unit. There is a safety interlock
on the unit which prevents the "standby" from coming on if the cable
circuits are'not clqged. If the power is turned on when the antenﬁa
is not properly connected so that the'power can be radiated, damage '

will occur to the main microwave power supply magnetron.

5. Evacuate the sysfem and 'check for air leaks. With the
pressure as low as possible (less than five torr), turn on the "Radi-
ate" switch. The red light should come on. Aajuét to betwéen 26-80%
powef.' Do not opefate over 100%. Rarely, a aiséharge will be-noticed
in the.tube at this point. If not, bring a Teslé coil (or other high
voltage corona discharge source), adjusted to give a slight corona,
near the Vycor tube. (Touch the Eubé if necessary); Don't grouhd a
spark into the antenna. If a discharge doesn't start, then check the
power setting (the meter sticks:. tap on it) and the antenna align-
ﬁent. Turn off the "Radiate" before adjusting the an£enﬁa. Radio-
frequency burﬁs aré‘supposed to be nearly-painless and bloodless,.but
rather smoky and smelly from pyroiyzed protein (Qwen, 1973). When a

discharge starts, a dip in the "percent power" reading of the meter
g _ :
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will be nofed. The larger the dip, the better the power 1is cqupling
to the dischafge. This quality.of coupling does not seem too important,
except that it is easier to keep a discharge going with good cbupling,
as any discharge whatsoever seems to produce ab&ut the éame amount of
singiet oxygen. While the heat output and stray microwave~fields.are
less a£ 20% power, the discharge is less stable therg £han at 40%.
There does not seem to bé aﬁy reason to operéte it at higher settinés;
If a discharge will not keép going at 40% powér, at pressures less
than 10 torr, check the antenna alignmént and the cleanliness.of the
inside of the Vycor tube. Grease or too much mércuric oxide deposit

can interfere with the discharge.

6. Adjuét the gas source to give about three torr with oxygen

or 20 torr with 10% oxygen in helium.

7. On initial start up, when no mercuric oxide ring has
formed, heat the mercury source with a small flame (match) until a
yellowish film is noted downstream from the discharge. A smaller ring

will form upstream.

8. At this point, the discharge will be blue if very pure oxy-
gen is used. Traces of hitrogen, either from the tank or from air
leaks, will give it a pink color. If a yellowish glow (dark room) is

noted downstream from the discharge, distill more mercury by heating
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until the glow leaves. The yellow glow seems to be due to a reaction
between traces of atomic oxygen and traces of nitrogen oxide, NO, and
is very sensitive according to the literature (Bader and Ogryzlo,
1964). It may be necessary to check for this and reheat the mercury

from time to time on long reactions.

9. Once an oxide ring has formed, turn off the “Radiaté".
switch and release the vacuum. Place dry ice—adetone"mixtﬁre in tﬂe
trap if a liquid substrate is used. Seal the substrate in the re-
action flask, either the 3 X 20 cm tubé or the 500 ml lypholyzef flask

depending on volume requirements, and repeat the start up procedure.

10. After a few hours of operaﬁion, mercuric oxide deposits
will become thick enough to interfere and should be removed with 3N
nitric acid rinses. Reform the initial HgO film before exposing sub-

strate.

11. When using water solutions at 20 torr, the low pressure
evaporation may cause ice formation in the.reaction flask. A beaker
of cool water as a bath will prevent this. It is'usually necessary
to make up evaporation losses every half Houf or so. Ice deposité in
the dry ice trap wi;l eventually prevent further operaﬁion until they

are removed.
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12. when using dry reactions, a tuning spot of a small amouﬁﬁ.
(0.1 ml of a 5 mg/50 ml solution of chloroform) of wviolanthrone on
filter paper taped to the inside of the reaction flask is useful for
adjustment of pressure and power. Singlet oxygen outpu; is maximized

at the brightest red glow.

Oxidation .0of Model Olefins by Microwave Generated Singlet Oxygen .

2,3-Dimethyl-2-butene (tetramethyléthylene, TME) and 2-methyl-
2-pentene (2M2P), (both obtained from J. T. Baker, "Baker Grade“j[
were oxidized in methanol using the microwave reactor. The follqwihg
reaction conditions were used: Two to four grams of the olefin were
were dissol&ed in 30 to 40 ml of methanol. The reaction flask was -
cooled in a dry ice-acetone bathi The trap, which used dry icelin‘
the aqueous operations, was charged with liéuid nitrogen. The samples
were oxidized for from two (TME) to four hours. The specific 6per—

ations are described below.

A. 2,3-Dimethylbutene (TME): Two g (0.0238 mole) of TME was

added to 30 ml to methanol and oxidized for 105 minutes. The soivent
was evaporated on a steam bath until abouf 5 ml remained. The solu-
tion was éooled in an ice bath anq 0.7 g (0.0186 mole) of sodium boro-
hydride was added to reduce any hydroperoxides to the corresponding
alcohols. The preparation was allowed to warm slowly and sat over-

night at room temperature. Fifteen ml of methanol was added and the
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solid residue was filtered out. Samples were analyzed'by Qapor phase

chromatography (VPC) and mass spectrémetry.

B. -2—Meth§1—2—pentene (2M2P): Two g (0.0238 mole) of 2M2f
was added to 27 ﬁl of methanol. The sample Qas oxidized for 4.5
hours. After oxidation, the solution was cooled in a dry ice bath
gnd 0.5 g (0.0132 mole) of sodium bordhyd?ide was addgd. ‘The solution
was kept cold o&ernight in a dry ice bath then allowed_to warm slowly.
Sediment was filtered off. Saﬁples were analfzed by VPC and mass .

spectrometry.

C. 2-Methyl-2-pentene: Four g (0.0476 mole) of 2M2P in 40 ml

of methanol was oxidized for four hours. The methanol solutién was
evaporated to a volume of about 2 ml using 40° wéter ba£h and- vacuum.
1.2 g (0.0045 moie) of triphenyl phosphine was added in about 50 ﬁl
‘of diethyl ether to reduce peroxides. Sampleé of this material were

analyzed by VPC.

Dye Sensitized Photooxidation of Model Olefins

The same two compounds that were oxidized ih'the pfeaeding sec-
tion were photooxidized‘using rosé bengal as a sensi£izer in order to
provide ‘samples of product alcohols for comparison. Iilﬁmination'was:
provided at a distance of about 15 cm by a 150 watt G.E. spot lamp.

The samples were pléced in a 150 ml erlenmeYer flask which was flushed
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wifh pure oxygen in dim light and connected £o a one li£er gas bufet‘_'
fillea‘with wate;‘vapor,saturatea éxygen.- The flasklwés_cooléa in a
water bath consisting of.a 500 ml béaéer filled with Qatgr and a copr'
per coil whichvﬁgs'immersed-in the water and connected to'thé-tap |
water line. Temperature were maintained ét:25—30°b., TheAsampieS'were
stirred magnetically; Illuminatioﬁuwas thro;éh the siée of thejflésk.
The course of phétooxidation was followed by oxygeﬁ'épnsumftioﬁ._
ﬁhen pxyéen COnsumption had essenﬁially‘stQpped, Fﬁefsolutiong*Weré
péurea through.a_fhfee cm bed of A;QS ﬁEAESephadéx. Tﬁeperoxides were
reduced with sodium borohydride;' Mass sfeétrél ahd Vfc:analyses_we;e
made éflthe solutiéns. In the cése of ?MZP, special attention was
paid to the pf&duct fatios_of the éroduct:glcéhois._ An'authghtigj'_‘
commerciél sample of 2—methyl—l—pentéﬁe—3;éi‘(Aif;ed Bader Chemicals)
was analyéed by the same techﬁiqqes.

.Specific reaction conditions were as follows:

AL, 2,3—Diméthylbutene (TME): One g (0.0i}g‘mgxe) Sf TME
was mixed in 30 ml of ﬁethanol‘wifh.lb mé‘of rose beﬁgél. 'Thé salu—
tionnconsumea 354 mi of pxygen‘at‘é5? aﬁ§‘64Q tor£f(0;6124'mol§)'in
two hpurs with rio more than two_mi vériation‘in the.néxt half hour.
Sodium bofohydride (5.45 g, 0.019 méle)-was added, after removal éf"
-Fhéydye, and the éol?ﬁion was aliowed;to Stéﬁd ovérhighﬁ. The'éhly

- analysis made of this preparation Wés by VPC.
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2. One gram of TME (0.0119 molé) was aiséolved in-26 ml of A
methanol with 10 mg of ro;e bengal;. The solutiop cbnsumed 330 ml of
oxygen -at 650 torf_and‘25° (0.0115 mole).._Thé dye w;s removed and |
0.45 g (0;019 molé) of .sodium bordhydfide.was édded. ‘The solution
wés.not cooled before addihg the reducfant-and-about a‘third of the
solution was 1ost'dué to overly Qigorous rgac£iqn. Thé'gélutidﬁ‘wéé}
neut%alizéd Qith hydfochloric acid, filtefed éné.distil;éd. Mdst_of o
the liquid distilled between 61 and 768}-pékéﬁ in éeverélﬂfréctidﬁél
Most‘of the product_ééemed to be iﬂ‘élo;3 ﬁl'fractioh fakeh at 84—é6°h
"-jﬁét before dryness. This materiai was‘usea fof comparison with the
produéts of the microwave oxida£ions.i'VPé andu@ass épgqtralfanalfses '

 were performed on this material

Bll._ 2-Me£hyl—2—pehtene: o grams ofHZMZE (0.0238 mole) was

mixed with 20 mlaéf ﬁefﬁanol ahd 10:mg of”résé Béngél. -fhe'éoiution
consuméd.690.ml of oxygen inAl3 h9urér%t‘640 £dff ahd‘259 (0.6221 |

. mole). -The_dye‘wés removed. The solution was not cgoléd“furtber‘énd
when 0:9 q.(0.038‘méie) of éodiumlgorqhydriaé was ad@éd!_it‘fqaﬁed up
‘and about halfnwas‘iéét. The rémaihdé;”ﬁaé iéffiéététéd éfe;ﬁiéﬂt; '1

filtered and analyzed by‘VPC and.ﬁass‘épectroﬁetry;
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Results of Oxidation of Model Olefin Compounds hy~Microwave Generated
Singlet Oxygen and Comparison to Dye Sensitized Photooxidation. .

The sole goal of this block of work was to determine if the

microwave discharge reactor was 1ndeed generating Singlet oxygen. Two'

model olefins were used, 2,3 dimethyl 2- butene (tetramethylethylene,‘ .

’ TME) and 2-methyl-e —pentene (2M2P) ‘The,TME is not-a good choice for.

© a study of this type as it gives only one product with 51nglet oxygen,

2,3- dimethyl 3~hydroperoxy—l butene. The samé product can be gener— .

ated by free radical'mechanisms (Eoote, 1968). The 2M2P offers the

advantage that, while less reactive than TME, it is more diagnostic.

It yields two products,:2—methyl*3—hydroperoxy—lapentene'and~4—methyl:.

4- hydroperoxy—2—pentene whlch are formed in nearly equal amounts in
-51nglet oxygen reactlonsz The hydroperox1des are reduced to the cor-
responding alcohoi,for.analytical purposes.

,in the first oxidationlof_fﬂﬁ by rose bengal sensitized photo—‘
okidation (as described in the precediné'section)'after an eguimolar
amountlof oXYgen had:been consumed,‘orfgen consunption ceased.“ A éas
:.chromatographic determination of the.product,‘after reduction.andtre—.
'2‘moval of the dye, showed only one peak appearing much after both the -
Vstarting material and the methanol solvent.
| In the second photooxidation of TME; again?an eduinolar'amount
of oxygen was consuned with little“further_detectahle consumption.

The gas chromatographic'determination of the:product alcohol matched
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that of the first oxidation. A mass speqfrum of thisnwéé intefpretéd i
as,béing'consistent‘with the expecféd prgducf:.'

When TME‘ﬁas oxidized in the micrqwavéireactof,.yields were
low (eétimated as 10%.or less of the starﬁiné'ﬁatefigl).but the oﬂly
.product observed matched the phoﬁooxidation prodﬁct @éth gas chromaéoé
graphicélly.and mééé:spectrally; /
‘ Thé résults'of the comparison egidétion of'2M2P=suppofted thé'
presencé of siﬁglét oxygen in the ﬁié;oﬁave feacerf;:Tﬁe only p?opé
lem thaf'migﬁt:bg opén to questiép‘is the:pfqaﬁcf iatios; IT&& proaﬁét o
alcohéls Qeré‘dbser§éd i# both t?peé-qf qxidétion. .In,tﬁe case of
the phofoé#idation, the ratio of the firétlto fhe sed&nd peak‘froﬁ
the VPérwas 1:1.05, which is very near‘the,valﬁe reportéd in.£he'iit—
-erature (Fdote an& Denny, 1971). 'The fatio‘was 1:1.16 t§ 1;1.20 Qith"
the microwave reécfdr. E: cénnpt definitely acqouﬁt for the diffe;—”.‘
-énce; I can ﬁote, however, thgt the more volatile (first chromato-
graéhic peak) product is in lowest yiéld,{which may be é_factor~in
this tybe of low bréssure 1iguid ;eacfién_éysfémr; Fostéiépdibennyu'
did‘note varianceé,iﬁxthe r;tio‘of Mup. to 26%“ inxthei% étudf ofifhe.
: effect,of different.églvents on thé dyg:sehsitiged'photqqxidatiop:of‘:.
2M2P and ‘Peters ep'al__(l972) ﬁéted a ratio of '1:1.13 for the .reaction -
‘ with potéssiumiéépékgéhroﬁate gége¥ated‘sing;eéloxygen.
The mass gpectfaAof éhe pf@ducts from both éegéfion systems

matched for their respective peaks. The éﬁéctra were assessed as
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béing-cbnsistent with‘the ekpeétéd Eyéducfs. The first peak froﬁ the.
gas chrématograéh Qas assiéned to 4—methyl—4fh§dfoiy—Z—Eéntené ahq
. the second to 2—methyl-3—hydrox§—l-pentéﬁe. An authentic sampie of.
the latter proved tolhave the same masé spectrum.

| | The evidenéé supports the conclusidn thaf the'ﬁicrow§ve,;ééctor f:_
generates éiﬁglet ox?éeg. No aéhér”prQAudté weré-ﬁqte&;- é}ééﬁégé' ‘
products woﬁld be éxpéc£éd if ozoné'wéfe a éigﬁifiéqnt ?:oéuct:bf‘tﬁe

reactor.

Hydrolysis of Proteins in Preparation for- Automatic Amino Acid
Analysis o )

Bofh acidic and basié-catalyzgd.hydrplyses~0f ﬁroteips were
used in these studies. - Acid hydrélysié'used eithér six N hy@rochlo—'
ric écid or two N méthanesulfoniqﬂaéid with deoxygenatéd.samplesp‘
Methanesulfoniq.acid has been shown'to'QiVe sﬁperiorvT:phrééovery.:
Basic hydrolysis used 3.3 N sodium hydrpxidé. fhé'fol;dwing pro-
cedures were ﬁsgd With aﬁy imporfént‘giceptions:nqﬁed_in aesc;iptions

" of individual gXpérimentsm

.A;l.. Aqid hy&rolyéis with hydrochlofiq acid.. Ohe'mlAéf the
prqte&n solution, geherally éontaining‘l—4 mg of bfotein in diSEilleﬁ )
wéter, wés ﬁlaced in a freshly_élééned and‘héat"driedicafius‘tube.or
necked ‘down 20 ml iéniti;n_tuﬁé. One ml of 12 N hydrochiofic acid

‘was added. The lower end of the fube was placed in a dry ice-acetone
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béth to ffééze,the.contents. It was then e&;cuated by means of a
véduum pump and, while sfill undé£.vacﬁuﬁ, wqrmeg slightly until
melted. This melting was usuallfﬁaécompanied by"swiriing on a Vortex
type mi#er.~ If frozen before evééuation, foaming éfoblems are mini-
mized. Maintaining the vaéuum, the saméle was frozen and théwed.with
swirling'twice‘more. The tube w;s seéled by draﬁingltﬁe neék out |
.while heating'with é_natpr;l gas;QXygen forch; all tﬁe while m;iﬁ—
taining'the.vacﬁﬁmm~ Theramples were then blaced in a sand bath in
aﬁ oven or oil baﬁh fhermostat at the temperatures and for the times
- noted, ustally lOBflld?Cffo; about 24uhéqrs;  Aftér’heating,tﬁe tuﬁes
wére removed, cooled and dpéned bylééoriné with a file.apa Breaking.
The'saﬁpies.and Washings were txaﬁsferred by méans of Pasteur pipettes
. tolémall beakers or pottles of 5-15 mi.;épacitylandAone or moreé cm
.moutﬁ width (to provide»é gpéd free pa;h for‘evaporatioﬁ)rA'Thé,beaker
waé theﬁ~desiccatea-uﬁder vacuum in the presence of desiccant}and
'sodium-hyaroxide pellets. lWhen eri a few ml’of water;wereaddgd énd
the desiccgtion,;q_drynesé was répeated; '$he'$amplenwaé Ehen_takenl
ué in pH 2.2‘citpate.0.2 M s;dipm ion automa£ic amiﬁoiacid analeér.
1qaaing~bufferi_.fhe dilution at this p@iﬁt.deéendgdfqn thg objective:’
éf.the ekpefiﬁent bht_typically w@éif?om fiﬁe ml for one mé of'sﬁarﬁ—

ing éerein to 25 ml for four, mg.
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2. Acid hydrolysis with methanesulfonié écid.',The précedure
is simiiar to hydrochloric acid hydrolysis with the following differ--
ences. One ml of the saﬁple solution, containing up to five mg of
protein is mixed with one ml of 4.Nlmethanesulfoﬁic aéid containing
0.2% 3-(2-aminoethyl)-~-indole (Piexrce Chemical Co. produét no. 2—5660
furnished in pre—scpred one ml ampulés ﬁnaer nitrogen) in a Carius
(etc;) tube. The samples were deéassad and sealed as described in
(1) . Heating typically was for 24 hours at 108° in aﬁ 0il bath. The
samples were then cooled, opened and ngutralized (to.pHydrion papér)

- with 4 N sodiﬁm_hydroxide and 0.5 ml of saturated citric acid was
added. Methénesulfonic acid is not very volatile and can not be re-
moved by desiccation. The solutions were taken up in pH 2.2 loading
buffer. .Due to the salt concentration of the sample, about three ml,
1;3 M in godium, it is desirable to dilute the sample as much as pos-
siblé at this point to avoid disturbances in peak timgs,on the analy-
zer. The effect of increased salt is to speed up most amipo acias
which not only compliéaﬁes identification, but may céuse loss of

resolution.

B. Basic hydrolysis with sodium hydfoxide. While many amino

'acids'are destroyed to varying degrees, Met and MetSd usually can be’
recovered in good yields by this technique. Aéid'hydrolysis tends to

reduée MetSO to Met. The method was adapted from Jori et al. (1969b).:
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One'mlzof‘the p;otein sélution,:usually qontaining fivé'ﬁé of protein,
was mixed witﬁ one ml’of 6.6 N sodiuﬁ h&droxide,iaé céfbbnaté ffée aé
possible, in a four ml screw cap Tefibﬁ vial (Miséo §Ciehtif£c, Cat.‘
no. 0—9980). Thé égmples were not:Qegéésea. The vial Was capped and:.*
clémbed in a c-ciéﬁp‘uéing coins, égnérally nickels,-ﬁbr'shiﬁs.z This
was found to ﬁe neceésarf as the seaL on the viais Qas'othefﬁige'unde—
pendable. The assembly was then pléced in a 6i1 ba;h,.usually at -
108-110° for 24 héurs. After removal and ébo‘lihg, :O..'6-‘-O..7-lml of 12N
hydrochlorié acid was added and the:sqlﬁtion was vacuum désicéétéd'tq
dfyneés.wiﬁh sodium hydrqxide and‘desicc;nt. :A féw_mi éf water w;é

. added and the desiccation was repé;ﬁed._-The samblgstere takeﬁ\gp-in
pH 2.2 gitraﬁe loading bﬁffer ana diluteq_éo,.usually, ZSImi'to 1o&eri

_the salt concentratién_as much as possible.

Enzymatié Activity Assays

A. Activity énalysis of 1ysozyme; Two different techniques

“were used. Both were based on the tufbidoﬁetric méasﬁreﬁent of the
degree'of clearing of suspensions of Micrococgus lysoaeikticus. Init-
ial work used a technique referred to Jori et ;i.‘f1969b)1éﬁd'Qg;
cfibed by Sﬁoleis and Hartsell (1549)., The bésicxéndceduré_is £6 mix
gtéhdéfd amounts of:; M. lyéddeiﬁtiqus sﬁspensidn wiﬁh énzyme, waiﬁ"‘

e a.sét time;¢§0 to SQ_minutes, andﬂqétermihe.thé abgp?ﬁance 6§ theAsu;;

‘pension. This techhique is unsatisfactory. It gives usable results -
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only over a very small range of enzyme aetiﬁity with.considerable var-
ration between duplicate determinations. The second.technidue tollows
the procedure of Gorin et al. (197i); ‘In this, the .initial rate of
clearing ofla:suspension was determined. This.method proved much more

satisfactory and was used in later work.

1. Set time assay of Smoleis and Hartsell (1949). Assay

" buffer was prepared‘by dissolving 13;8 g (0.1 mole) of sodium dihydro--

gen phosphate,monohydrate to one Iiter'in distiiied water and adjust-.
ing to pH 6 2 with dllute sodium hydrox1de. Cellular'snspensioné'
were prepared by maceratlng approxlmately 40 mg ot spray drled M.
lysodelktlcus cells (Miles Laboratory),control no.-79) in buffer and
diluting to 100 ml. These concentrations have‘absorbances of 0.6-0.9..
Standard lysozyme eolutions were prepared by dissolving 20-30'ng'of
chicken.egg white lysozyme (Sigma 3X_recrystaiized) inlio nl bfvdis;
tilled water or the bnffer and filteriné through.a.0,45 Um Mil;inore

filter'using a'Swinny.adapter. 'The‘selution was diluted to give

- 10 15 ug/ml of 1ysozyme, as noted..'The concentration wasuchecked by

determlnlng the absorbance at 280 nm and using the value of Canfleld.;
(Jori et al., 1969b) of A so = 26-4; A standard curve nas prepared
by addlng 3.0 ml of cells, and 0.1- 1 0 ml of the standard 1ysozyme
solution, maklng up the dlfference to 4. 0 ml total w1th buffer. The

absorbance would be determined at 540 nm in 30-50 min. This gave
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Figure 5. Standardization curve for the lysozyme assay of Smolelis
and Hartsell.
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values from approximately 1 Ug/ml of lysozyme to 10 ug/ml. The un-
known solutions were prepared; usually after gel filfration, as ﬁoted,
by determining the concentration by the absorbance at 280 nmi and
using the perhaps unwarranted aséﬁmption-that there.wquld not be much -
Trp loss while any acfivity remained. The solutions were diluted:to
10 Ug/ml and several amounts of each; e.g., 0.1, 0.5 and 1.0 ml were
added to 3.0 ml of cells and difference to 4.0 mi was made up‘with'
buffer. The same time would be used for all solutibns,vstandarq and
unknown, during a determination. Absorbances were'determined:using»
either a Beckman DB using 1 cm cuvettes or Spéctfohic 20, using
tﬁbes. All temperatures were room températurés and were maintained
fairly constant du;ing a determination.’ A graph of absorbance vs.
ug of lysozyme sténdard shows a fairly‘steep iinear relafionship from
O.to 4 Ug but above five Ug the curve flattens out, permittiné much
less.sensiti#ity. Rééﬁlts for_unknown were reported in Ug equivalénts
of.lysozymes standard activity per 10 ug of lysozyme. Figure 5.shows

a typical standardization curve.

2. Initial rate assay of Gorin et al. (19715,' The buffer,_-
17, was prepared by dissolving 10.37Ig of sodiﬁﬁ.dihydrogen phospha;e
monohydrate, 3.12 g éf disodium hydrogen phosphételand 0;§7é g of -
disodium dihydrogen ethylenedinitrilotetraécetic acid dihydra;e (EDfA5

and diluting to_one'liter. This has a pH .of 6.2 and is 0.1 M in
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. phosphate and 10_3 M in EDTA. . The substrate was prepared by macer-h
ating 20-25 mg of M. lysodelktlcus cells in 10 15 ml of the buffer,
using a fitted Teflon piston tissue homogenlzer, and dllutlng to

100 ml; The standard and unknown lysozyme solntions,-in buffer, were
prepared as.in the preceding section hnt to COncentratiens of idmte:
"~ . 100 ug/mil. Unknowns-were usually set:te:lodzugzhi; .In.someICases, as -
noted, protein concentrations were deternined bf.the Lowry method.

The'assays‘Were run by mixing-3;0 ml et the cells suspension

with 0.10 ml of the enzyme solution,.quickly mrxing‘and:transferring
to‘a 1l cm éuvette‘in a Beckman DU-2. The:absorbance[reading at 570 nm.
‘was started.within 40 secs. Using'a stop watch, the time necessary .-
for the absorbance to decrease 9.05 was measured.. Deéendinq on .the
cell preparation and enzyme concentration,'initial;readings weredtrom'
about 0.65 down to-0.50 and timeS‘varied from io‘sécé. to ever’ﬁive
minutes. The reeiprdcal_of the time was graphed‘vsf thQf standard
lysozyme added. This gave a linear range frome2 Mg to:20 ng. ‘The.'
non llnear decrease in tlme at values 1ess than 2 ug seemed due to
e warmlng of the solutlen in the DU- 2.because of the length of the t1me
'involved. All other temperatures.were roem temperature; IPrec1s1on

of this method, after practice, seems:goed. Approkimatew?regisienfwas
5%; Figure 6 shews a tyéical standardization enrve'obtained eariy.in

this work. With experience, very little data scatter can be achieved. .
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Figure 6. Standardization curve for the lysozyme assay of Gorin,
Wang and Papapavlou.
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B. Kunitz ribonuclease assay f1946)ﬂ; The method is baséd on
the slighf, 10—}5%, decrease in absorbance at.300 nm of soiuble ribo-
hucleic acid in pH 5 buffer upon hydrolysis by ribonuclease.. The
initial rate of.ﬁhis decreése‘is'propoftional to the conqentratidn of
enzyme. The method requires a very stable' spectrophotometer cépable
.of being read accurately:to_io.oog afjaﬁ‘abéorbanée\of 0.5;0;6.
Twehty—éix mg of yeast RNA (Sigma, type Xl, no; R6750,i16t 98B-8050)
Qas-diésolved iﬁ 40 ml of buffer RN (0.1 M pH 5.0 abetété). .The ab-
sorbance a£.300 nm Qaé'0.595. Two ml of £hi§\Wére ﬁixéd répidlylwith
0.160 mi.of the enzyme splution.ané_its‘abébrbance at 300 nm was fbl—:
" lowed. The‘activity assay is useful ovér finai concenffationé of
‘eﬁzyme in the 2.1 ml of from abou;hOﬂZ'to 2.0 ug/mlﬂ 'Aé soén after
mi#ing as possible,'usually 20 sec.,‘ﬁhe absorbance é£ 300 hﬁ‘Waés
determined and theﬁ at éne minute aﬁalintegfal minutes for ﬁp*tolqo
miﬁutes aepending on ﬁhe rate of dec?éase.' The gbsorbances‘wéie.
plotfgd agai;st:£ime ;na the initial élbée of Ehé déé?eaée.was_deter4‘

mined. The slopes were plotted againsf qoncentration of enzyme;

Gel Filtration on Seﬁhaaex G-25

When it was ﬁépessaﬁy to sepérété“;'smali moiéqulér Qeighélsub—:
stance, such as'é dye, pon—volatilé buffer 6? éalf'fromaa_éroféiny-gel h
pefméaéiéh:ehrométography W&s usgdgl Thé'géﬁéral teqhﬁique wéé as'foij

lows with specific exceptions noted'in.individﬁal expériments,_ A SQhﬂn
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buret with Teflon stopcock was used for the colﬁmn. Approximaéely ’
eight g of medium Sephadex (Pharmacia lot 390) was soakea overnight -
in the eluent, either water or 5% acetic acid, using several changes,
and poured into the column. This gives a 25-27 ml voiume bed. The
column was plugged at the bottom with short fiber fibérglass wﬁol.
One to two hundred ml of the eluent was run through the column to '
wash it and the level of liquid was'drappeq just to.the surface of the
packing. The sample was put on in‘ébout one ml of liquid and drained
down to the surface of the packing. One ml of the eluent was care-
fully added and allowed to drain. Several fractioﬁs were collecte@."
.Blué dextran comes through at from.10—15 ml with a peék at 12 ml.
Protein fractions were usually coligcted at from 8-18 ml. Hemato-
porphyrin Qas eluted around 50 ml. The columﬁ was then washed with
a 100 ml of the eluent to clean it for reuse. Sémetimes it.Qas.neces—
sary éo usé 10% acetic acid to remove hematopofphyrin precipitates.

Inactivation of Lysozyme in Solutlon by Ox1datlon w1th Microwave
Discharge Generated Singlet Oxygen : :

- The microwave discharge reactor»was set up as described. The
Evanson Cavity and 10% oxygen in helium were used. The-settings»were
" 30, torr preésure ana 75% power.

Fifty ml.of a 10 Hg/ml waterrsolution of lyéoéfme ﬁerg oxidizgd;-'

This concentration is appropriate to use»directly in the enzyme
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aQtiV%ty'essaY of énolelis end Hartsell.(l949)iso no further prepa-
ration ls.necessaryf. Five ml samplesA&ere withdrawn at 0, 0?5} 1.0
and 2.0 hrs. 'A_Spectronic-zo was used in'the assay; Standerd tubes
used 0, 0.1, 0.4 and 1.0 ml of thebsterting solutlon., Aliquot'of 0.2
and l.b ml of the 0.5 and 1.0 hour and 6;4 and‘l.O 51 ofrthe 2;6 hour:"
samples were used in the assay.

A control of the same concentration;ofjlysozyﬁe was run.etnthe
same conditions of pressure ana'tlﬁe except that thelmicrowaveséoner
was not turned on. Control samples were taken et l.b and:2.o hours.

Oxidation of Amino Acids by Mlcrowave Dlscharge Geénerated
Slnglet Oxygen

A. Photooxidation of amino acias.- For standards of compari—
'son,.the photooxidation products\offdje sensitized”photolebile-amlno
aci@s were prepared.‘ The amino acids and peptides.were.ﬁet,,N-}:"
acetyltryptophan (NAT), N-glycyltryptophan (NAG), N-benzoylhistldine
- (NBH) , frp, His and:es a control,_alanlne ?Ala) Rose bengal and
methylene blue were used es sensitizers.' In a typlcal reactlon, 0. lg
of the substrate amlno ac1d or peptlde was'dlssolved ln 50 ml.of
- 0.04 M pH 9 pota551um phosphate buffer. The dyewconcentratlons.were
50 mg/SO ml for rose 'bengal and 25 mg/50 ml for methylene blue. Dﬁr—»l
1ng photoox1datlon, the solutlons were aerated and stirred by a slou o
stream of flltered compressed alru‘ Illum;natlon was prov1ded by

either a 150 watt G.E. reflector sfot—lamplor a 600 watt Sylvania type
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FCB tungsten~halogen projector laﬁp’run.ét Bb%‘poWer](approxim;tely‘
:95 volts) by means of a variable aﬁtotgahsformer kséaeo model_3 PN
lOlOX.._The'solutioﬁs Qere illumiﬁafed at a distance of 10 cm thrqégh
%he bottom of a i25 ml Erlenmeyef flask ip an Sboiml béaker ﬁhich
éer?ed as a water bath. Cooling was provided 5y,immersing a coil of-
copper tubing connected to a water tap in-the bafh.‘ Tempé?étures’were
.ﬁaintained at 10-20°C;' Illuminatiéﬁ'fimes of'uﬁ to 250 minufes wéfe
used. Saméles were withdrawn at Various.timeSadufing the illqmi-

- nations fdr.analysis'by thin laye;'thoﬁatograﬁhy.l It if was cohf
~ sidered ﬂecessafy on a particulafisamﬁlg, thé‘ayesjwé;é;feméved b&
"running‘the saméle'thréugh an.aépropfiate'Sébhadex.KPhafmacié:Fine‘
Chemicals, Ing.? ion éxéhange resin. Two mifs of the.sample'solution g
were run through thfee'cm beds of the reéin, preequilibrated in thé
pH 9Ibuffer, inlsix mm disposable pipettes. Rose bengél Q;é removed
with A-25 cou;se DEAE Sephadex ana’methylene blge was ¥emoﬁéd.by é—SQ,

CM-Sephadex. The sources of ‘the amino acids and peptides are asbelow:.:

Sﬁpplier

Material - = Supplier =~ =~ _ Code . Lot Number
Glycyltryptophan : © 8igma Chemical . -~ .  G-3377 -10lc 3020
'N-acetyl-D1- tryptophan Sigma Chemical ~  .A-6251°  120c-0840
L-Histidine Sigma Chemical . .. .. -86B-0210
‘DL—Methlonlne c Mann Research. , . 6952 . $-=1852
3 ' ' . ' Laboratories I o
L-Tryptophan. - ' - Nutritional Bio-  1-1315  'not listed
' . - oo chemicals .Corp. s
DL~-Alanine o Matheson Co. . - 2223 not listed

N-Benzoylhistidine T prepared:as described below
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1. Preparation of'N-Benzoylhistldihe usiné the conditlons ’

of E. Flscher (1899) "His (2.8 g 0. 018 mole Slgma lot 86B- 0210) was - v

‘dlssolved 1n 100 ml of doubly dlStllled water w1th 13 g of sodium. bl-t ’
‘carbonatef Benzoyl chlorlde (7 7 g, O. 055 mole) was added in . small .
jportions,With“stlrrlng. The solutlon was extracted'w1th,50'ml of :‘
dfethyl ether'to remove unreactedibeuzoyl-chloride} acidiffed‘ahd-

allowed to stand.' The only product;obeerved maeran lntractable'oil;

" No further work up was done.

2a. U51ng the condltlons of Stleger (1944) Histidine.

hydrochlorlde (4 2 g,.0.02 mole, Baker, code N342 1ot 2~0106) was
dlssolved in 80 ml of 1 N- sodlum hydrox1de (0. 08 mole) and cooled 1n.'
“'an'ice bath. Benzoyl chlorlde (2 9 g, 0 0206 mole) was added 1n.small
-portlons over half an hour with stlrrlng. After all the benzoyl
chlorlde had been added, the,solutlon wae allowed to warm to room

‘ temperature and sat for an addltlonal half hour wlth contlnuous mag—'
'netic stirring; The - solutlon was- extracted w1th 80 ml of dlethyl
"ether and then. ac1d1f1ed to pH 3 w1th hydrochlorlc ac1d "A whlte.prer'
c191tate formed whlch ‘was flltered off The pre01p1tate was. extracted
with.small.portlons of*petroleum ether and'recrystalllzed from hot
waterf' Alr dried on' a Buchner funnel, the meltlng p01nt was l12-:
'126°c, ThlS materlal seéemed to.be ben201c acid, mp 122° '~The pH‘of,{

the mothen liquor from the crystalllzatloh was;adjusted.to;4-5? to
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approximate the estimated isoelectric point of N-Benzoylhistidine,
and the solution was boiled down to about 25 ml.and allowed to stand
overnight. A second crop of white crystals was filtered_off and air
dried on tbe filter. Yield 0.58 g, mp 233-245° with decomposition.
The crystals were washed with 60_m1 of hot acetone and 40 ml of hot
benzene by boiling. The insoluble crystals we?e filtered off and
air dried. The melting point did not change. Reportéd melting points
of NBH, 249° and 230° b& Shriner e£ al. (1956) (origimdal source
unknown). 'Thin layer chromatograms of this materiél were unreactive
with ninhydriﬁ, reactive with the Pauly reagent and quenched'fiuores—

cence, which is consistent with NBH (Tomita et al., 1969).

b. As in (a.) with the following exceptions. The His
hydrochloride was Aissolved in 40 ml of 1 N sodium hydréxide (0.02
moles of His*HCl énd 0.04 moles of NaOH) gnd 0.02 mole of benzoyl
chloride was added with 20 ml k0.02 mole) of 1 N sodium hydroxide in
small portions over half an‘hoﬁr. . The solution was allowed to sét,for
half an hour with stifring and thép exfracted,with two 40-50 ﬁl por-
tions of ethyl ethe;. The pH was adjusted to about 40‘and the solution
was placed in a refrigerator for three hoﬁrs. " The crop of white,*léng
'ﬁeedle-like crystals were filtered qff and wﬁshéd twice with 10 ﬁi
portions of acetone. Yield: 2.67 g (51%) mp 244~246° with decompési—

tion. The crystals decrepitate at 110-130°.
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B. Oxidation of amino acids in solution by microwave gener-—

ated singlet dxygen. The same amino acids that were photooxidized. in

the preceding section were oxidizeé using the same pH 9 potassium
phosphate buffer-and amino acid or.peptide concentrations. This con-
centration was usually 0.1 g/50 ml. Reacbions were run in the micro-
wave reactor as described. Settings were at 15-20 torr and 80% power
using 10% oxygen in helium. Fifty ml of solution was placed in the

3 X 20 cm flask. Reactions were rub'for 150 to 210 minutes. After
3.5 hours, it was usually necessary to disassemble the equipment for
cleaning as mercuric oxide and ice deposits ha& built up to the point
that operation was difficult. The.gas stream was bubbled into sub-
strate solutions using a course glass frit. These conditions gaﬁé
very vigorous bubbling. At the endﬂof.a reaction run, the substrate
solutions were stored in a refrigerator abd'anéiyzed,by bhin layer

chromatography for ‘extent of oxidation and the nétﬁre'of the products.

-\

Thin Layer Chromatography of Amino' Acids

Thin layer chromatography (TLC) was used to énalyze some of the
results of sensitized photooxidations and microwave generated singlet

oxygen oxidations of amino acids.

A. Thin layer materials. A number of different thin layer

materials were used. Most of the work.was done using various solvents

with Eastman silica gel sheets with fluorescent indicator. Initially,
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.this“was EK 6060, théniafter a prqapct code qhanée, EKiljlél_Jvfhiéf
‘last.is alsé préécribed but apparéntlf chémicaliy equiv;;ént'to thé
EK 6660. A few gxﬁeriments used ﬁakerf;e# lB.siliq;:gel éheets.
Some work was‘aoﬁelusing Maéhefey—Nagel MN—quYgrém Iénex—25 SA-Na
sulfonate ign—exchangé resin TLC sheets. " This méterial'offeré.a TLC
appfdach which-is chemically analdgoﬁs to thg éolumn chromatographf'
of ﬁhe automatic amino acid analyzér. Buffers of the same.generél

types as used in analyzers are used-as eluents. ‘Some work also used

‘MN-Polygram Cel 300 microcrystalline cellulose sheets.. In one sefies'f

ofldeterhinations uéing,phenol based.eluent; freshly-p:épare& gléés
?Lé’giliéa gel-H plates were used as1ﬁhé‘EK 6060 ié:dééomposed_by” :
.'phénol solutions. | | -

| Theée,plates were prepared‘by‘fapidly grindinglld‘g‘of silicé,
gel-H (Merck;barmstadf prepared according to g;ahl) wi£h'zslﬁl of |
'watef‘id a mortar uhtil smpoth._-This was then poured on very clean,
dry‘ZO'X_2d cm glasé:plaﬁeé and sméothgd down With-a one.cm diamétér
r glass roa.. " The siaes ;f thglplates Wéré éhimmed.wifh,two 1ayexs,6f
black‘plastic electricians ﬁape (U.P.AT‘Inté;patignal) £o givé"iayers
. .-300~400 um:thick, Thé,plates weré_gir dried,ovexnighézﬁeféfe ﬁsgé-

but not heat activated. -

B. Containers. Chromatdgraphic'develoéments were_run.in.twoi,

different types of'jars, depénding'oﬁ the sizé of the sheet-or pla%eh
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The,éo cm‘lohg sheets ot.plates, of Whatever'width, Wexe developed in
12 X'24 x 23 cm rectilinear fbattery" jars covered with glass plates.
Small strips of sheet,‘and in one case'oarboxymethyl cellulose layers'
on microsoope slides, Were run in heakers covered'with watch glasses.
I The most commonly useo were tall form 180 or 200 ml beakers about
11.5 cm tall. Both the jars and the beakers were lined, to the ex—.
teht of 50-80% of. the c1rcumference, with sheets'of'fllter paper
whlch were.saturated w1th eluent to permlt rapld equlllbratlon of the
vapor phase. Durlng early work, the spotted sheets or plates were
alloweduto stand in the'jars, before;dlpplng 1n:the eluent(:fot‘per—'
iods.of from two to‘lz hours, to pre-equlllhrate_the.layers with the
eldent.vapor. “This practice'proved'to be'undesirable due:to‘spot
'spreadlng, espe01ally laterally. - Resolution seemed.as good oflbetter,-
and detectlon was more sensltlve with 1mmeo1ately elutlng the plates .
: when they,were placed in the jars_..Thete_was some dlfflculty_w;th

. uneven fronts.

C.. Eluehts. The follow1ng solvents used w1th gilica gel
BN Butanol-Acetlc a01d-Water(4 l l by vol )
2. t-Amyl alcohol—Pyrldlne-Water(35 35: 30 by vol )

'f.3. Methanol~ Chloroform—l79 ammonlum hydrox1de(40 40 20
by vol ) : . . .

4. Phemol-Water (75:25 by wt. on fresh Silica Gel-H)
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5. 96% Ethanol-34% ammonium hydroxide(70:30 by vol.) .

6. Propanol—34% ammonium hydroxide(70:30 by vol.) .

7. pH 4.25, 0.067 M citrate buffer.on Tonex—-25-SA

All of these solvents are déscribed by Brenner et al. (1965) in
"Thin Layer Chromatography" edited by Stahl. They-recomﬁend solven;s
1, 3 and 4 fér the best general resélution of amino acids and‘the :
experience of this work tends to confirm this. Solvent "oneé" proved
to be.the most generally useful ("three" was unsfable:dué to';oia-
tility and phenol presented handling broblems besides requifiné glass
plates). Solvent "one" will occasionally be referred to by the
acronym'"BAW". |
The recipe.for,the solvents used with the MN~Ionex 25—SA;N4

were obtained from.the package inéért which referred to work done by
Devenyi. A p;e—equilibration buffer was prepared by diluting 1;10 a
.solution pomposed of 14.1 g of citric acid monoh&drate,.lz;é ml of
concentrated.hydrochlo¥ic acid and 8.0 g of sodium hydroxide.in oné
liter of water. The diluted s@lution has a éH_of aboﬁt 3.5 and é‘
sedium ion concentra;ion of 0.08 M. .The‘eluting bufferlwas a pH 4.25
éolution of 14.1 g citric acid'monohydrate; 8.0 g 6f sodium hydroxide,
8.4 ml of concentrated hydrochlo?ic acid, and,35.0 g of sodium cﬁ;o— .
ride in one liter. The sodium ion is 0.8 M.and'the cifrate is |
0.065 M. The sheet is chromatogréphed with the equilibrating buffer

for three hours (takes about an hour to go to the end) at room
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.temperétﬁre. The sheef is then air d;ied.at rsom'températufé;A The
: sémple is spotted on iﬁ‘a thin line andﬂéllowed.fo'Aky. .The sheet
is then chromatograpﬁéd with the elﬁtiné buffer:fdr two ﬂoﬁrs. 'Méiﬁ;
taining the chaﬁbé; at 50°C improves résolution. The sheet is évén

‘dried for 5-10 minutes at 100-110° before visualization.

D.. Visualization

1. .Ninhydrin: The amiﬁo aqids and'peptides which had é
,freé o-amino groupslﬁere viguaiized with niﬁhydriﬁ (Ninépray). The'.
freé aﬁino acids give the purple.(rosy.in“presénce of residual.phendl)
color while the peptides (thch do not havé an:éminé alpha to a caf;
boxylate) give yellow with less sénsiﬁivity. ' The ‘sheets Qere,thQr_
oughly dried affer éluting éhén sprayed'and heated for é fe& minutes,
either iﬁ a,lOOf éven or'by a hair drier—heat gun. :The exceptioh £o
the tho;oﬁgh drying‘waé with BAW, where it wéé'fouﬁd thét‘a sligﬁt :
residue of acetic aéid impréved‘aeﬁeloémeht. The ammoﬁia‘baséd'.
elueﬁts especially haa to‘be:removéa for good reéults.

2. Ehrlich's reaction for.tryptophan and its derivatives:'

This is'a general  color réaction-éflécidified 4—dimefhy1-aﬁin§-i
genzaldéhyde with indoie derivatiﬁes. If producés polof‘with‘a numbér _
of Qﬁhér struétﬁrgsr of épeciai intéreét‘here iS'thé'co;qr Witﬁ .

kypurenine (Kyn)- and its N”-formyl dérivative.  The feaéent wasfusea

in two variations. .In'early work a spray solution of one g of
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4-dimethylaminobenzaldehyde in 50 ml of ethanol plus 50 ml of concen-
trated hydfochloric acid was used. This was hard oﬁ-theléheets caus-
ing them to peel if care was not taken. Alsé, if ‘the 4~

dimethylaminobenzaldehyde is applied first, before acidifying, the

yellow Kyn spots appear more strongly. They fade somewhat upon acidi
fiéation when the purple Trp (indole) color develops.

To see the initial Kyn reaction, a 0.5% solution of the alde-
.hyde in 2—§ropanol (Merck-Darmstadt) was sprayed on the chromatqgfémS'
and allowed ﬁo dry. This will give the yellow Kyn colors. Then the
chromatog;am'was Placed in a jar of hydrogen chloride vapors for.from
three to ten minutes to develop the purple color.. If left in too
1op§, the Kyn. color tended to fade but it usually reintensified after

standing.

3. Pauly's reagent for histidine imidazole: This is a

aiazotizafion:reactiOn of the imidazolé nucleué (Brehner et al., 1965,
p. 488). Two sélutions are sprayéd: Sélution “opé" is érepared by_
slowly adding 25 ml 6f'fresh1y pfepared 5% sodium nitrite at 0° to
five ml éf 6.9% sulféniiic acid in 1.1 Mhydrochloric écid} Soluﬁibn
"two" is 5% sodium carbonate. .Salution "one" is sprayed'and ailowed ,
to‘diy slightly; While stil; moist, the chrom;tgéram'is sprayed with

solution "two". The intense orange color produced is quite stablé.
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.E. Abplicatioh.of analytee-* Analyteewwete‘applied to the:'
chromatograms by means of a Hamilton lQ ul syrihge eqdipéed:with an
ihoremental diepenset:(also Hamilton) whioh petmitted'ipe¥emenés of .
'approximately'O.Z u;: " Spots were ueually élaced 2.0—2.5 cm f;om the
bottom edge. .They were one‘cm eéett on unscored sheetsior plateef
IThe spot size Wes usuelly about tWO'mm'ih'diametef eﬁcept fo;_the':
Ionex~-25 Where a 1-x 5 mm line wae spotted. Aminovacids.and peptides -
wete spotted in water solution, except fot cystine and tyrosine whioh
were applled in 0. l N hydrochiorlc ac1d as they were not ea51ly sol-
uble in water; Solutlons of one Ug/ml to 10 Ug/ml were used. Usually
'an amount equlvalent to 10 ug of analyte was spotted w1th drylng by a

heat gun between 0. 2 ul appllcatlons

Effect of Slnglet Oxygen Quenchers .and Enhancers on Hematoporphyrln
: Sen51tlzed Photoox1dat10n of Lysozyme R

-.A. Experimental conditiohs were adepted trom Niieeon ehdi

" Kerns (1973). -

| 1. Lyso%yme;(siéma iot 93C—8000)'wee brepared by dieSOIvihg.-/
23 mg 1;60 X lO—6 moie in 10 ml of'distilied weter end'filtering
(Mllllpore HAWP O 45 Hm) . The solutlon was dlluted to 12 ml kapprox1— '
mately 1. 33. X 10 ? mole/ml) and equally lelded.' Hematoporphyrln wasd‘
'.prepared by dlssolv1ng 60 mg (8 9 X 10 -5 mole) of the hydrochlorlde in

) flve ml of ethanol (0 018 M) . Sodlum az1de was: prepated by dlssolv1ng

653 mg (10 =3, mole) in 100 ml of buffer. Slx ml of the‘lysozyme
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'jpreparatlon (8.0-X 10 " mole), 0 7 ml of elther the a21de or the Lz

buffer, for a control, and, in- the dark, O lml (1.8 X 10 ~6 mole) of

the‘hematoporphyrin. The solutions were.257'uM in dye!and ll4'uM in
lysozyme. The’ solutlons were placed in a 50 ml volumetrlc flask in
an 1ce bath and 1llum1nated through the bottom by a 150- watt spot
Jlamp. Samples of 0. 7 0. 8 ml were W1thdrawn at 0, 1, 2 4 8, le6, 32
and 4§ mlnutes. The.solutlons were gel—flltered, lypholyged,_aud

taken up in 344_ml of LZ.buffer. Note that the molar dye:lysozyme

ratio was approximately 2.25.

2. The proteln concentratlon of: these samples was deter-‘. -

mlned on 0.5 ml allquots by the Lokry Method, standardlzed agalnst
solutlons contalnlng 50-250 ug/ml- of lysozyme prepared from the stock
preparatlon in (1) The solutlonslwere each dlluted to 100 ug/ml

using buffer LZ and'the absorbance at 280 nm_was determlned.

3. The entyme’activitiés were,determined by the method of

Gorin. Standards..of 10, 20, 30, '40' .So,.. 60, 100,and 200 Hg/ml were

used;' All p01nts except 100 Ug/ml were'ln dupllcate. Four'determi-_:

nations were made at 100 uyg. A 51ngle determlnatlon apiece of the

- uhknowns .was made at each time p01nts.

.

B. Essentially the same as’ (A) using azlde,and 1, 4=

'.«diazabicyclo-z.2.2.octane.(DABCO) at one tenth the concentration as

i
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inhibitors and looking at the amino_acid hydrolyeis produees of the~
final oxidized material A pH 6.2 0.1 M phosphate buffer was prepared:
by dlssolv1ng 10.37 g of sodlum dlhydrogen phosphate monochydrate and |
3.12 g of disodium hydrogen phosphate eq onehliter. Lysozyme, 150 mg
{Sigma lot 93C-8000), was-dissolved in 100 ml.of the buffer. A 1:19
dilution had Azeo = 0.368, equivalemt to 96 UM in the sfock solution;
One hundred mg of hematoporphyrin dihydrochloride (1.5 X 10"4 mele)
(Fluka lot'701459) was dissolved in 50 ml of 1.2 X 10 2 M sodium hy- .
droxide (6 X 10_4 mole) to give 300 ﬁM dye. The inhibitors were pre;
pared in 10--2 M concentration by diésolving.65 mg of sodium‘azide and
112 mg é of DABCO in 100 ml apiece of the 6.2 buffer. 2an irradiation
mixture consisted of 24 ml of the'lysozfme solution (2.3 Umolés); |
2.5 ml of'the dye (7.5 umoles) plus'3:0 ml of either buffer (control).
or ome of the inhibitorsf The solutions were 76.pM in lysoayme and
250 UM in dye. The solutions were irradiated in a SQ ml volumetrie
flask in an ice bath ueéng the mirror-750 watt projector'cbmbination,
An air stream was directed over the surface:of the solution, which
was occasionally stirred; The pH ef all soldtions were 6.2. Samplee'
of 0.60 ml were withdrawn at.o, 1,.2, 4, 8, 16, 32, 64 and 128 mlnutes,
The samplee were mixed with one mi,of 10"2 M sodium-azide and dlluted
to 10 ml with LZ buffer. Because of the extreme dilution of the dye
in an assay, the dye was not removed befome analy21ng the enzymatlc-

activity by the Gorln method. Twenty—flve mg of M. lysodelktlcus
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cells were suspended in 100 ml of LZ buffer., Amino acid analyzer
codes were: control, acid hydrolysis 78é—74, base 789-74; azide, aéid.'.

790-79, base 791-74.

C. This experiment was similar to (B), the main differenqé
being ig_the buffer systems.used. The ébject of the expe;iment.wgs
to compare the relative rates of hematoporphyrin.séﬁsitized éhotq-
oxidation in deﬁterium oxide, waterland‘azide—water as.in Nilsson énd -
Kearns (1973). Deuterophosphoric acid_was.unavailéble,'so an acetate
buffer was prepared by the reactidn'of écetié anhydride énd deuteriﬁp '
oxide plus sodium aéetate. Controls wére prepared the same way With '

water.

1. Wafer~systems:, The buffer was prépafed by dissolvihg-
' 4

61.5‘mg (7.5 X 10_4 dee) of . sodium acetate. and 39.2 mg (3.7,X 16_
mole) of‘acétic anh&dxide'in water, made to 15 ml, anq.allowing_the
solution to stand an hour. This gives a 0.1 M buffer of pH 4.3.
Lysozyme was prepared by dissqlving_33 mg in‘eight ml of the buffer,
filterin§ (0.45 um Millipore) and dilutingtfo'le ml Qitﬁ_watef; _fhe-'
absorbance of a 1:10 dilution oflfhis,at 280 nm wés 0;423,~équiva1ent
Hto l.6,mg/ﬁl.(l.l X 19_7 mole/ml). ip the stock‘dilutién.h The hematq;
porphyrin ﬁndfazidefpreparationsufrom (A) were used.i Photooxidatiéﬁ
mixtures consisted of six mi of the lysozyme_(6.6'><.10“_7 mole), 0.1ml

(1.8 X lO_6 mole) of the dye and 0.7 ml of either azide or water.
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The mixtures were illuminated as in.(A) Approx1mately 0 5 ml samples;~ U

were taken at 0, 1, 2, 4, 8, 16, 32, 64 and 128 min. The pHS of the °
ffnal solutions wereIEbecked in each case, being 4.3Lfor the mater
eontrol and 4,7 for tbé azide. The sampies:were ge1 filtered} 1yphe—:
lyzed dlluted to 100 ug/ml (6.2 buffer), based on 280 nm absorbance,
and their enzymatlc act1v1ty was determlned. The proteln concen-—. |

- trations were later checked by means of the Lowry Method.

2. Deuterium system: The buffer was prepared by addihg

42.7 mg (5.2 X 10_4 mole) of sodium acetate and 26.4 (2 6 X 10 molef,'

to ll 6 g (10 5 mlL) of deuterium. ox1de (99 87 mole % D o, Blo—Rad
control number S—11981) and allow1ng to stand one hour. The pH was

. 4.75 with O. l M total acetate Lysozyme was prepared by dlssolv1ng

\ .
+ 23 mg in the buffer. The absorbance of a 1: 10 dllutlon of this 1n LZ _

‘buffer was 0.466,. qulvalent to 123 uM in the stock. ,The stock was
diluted 1:1.2 (8.8 ml to 10.5) with deuterium oxide to give the same .
concentrations (103 uM) as in (i).‘ Thelphbtoekidation.mixture was

6.7 mlL of the lysozyme (6.9 X 107/ mole) and 0.1 ml: (1.8 X 107% mote)

: of dye. ' The rest of the ekperiment was.as in {l). WNote that the:dye/ :

lysozyme molar ratios in these ekperiments were approximately-2¢6:l.

'3. Enzyme assay (Gorin Method) M. 1ysbdeikticuS<eells"

vere prepared by suspendlng 50 mg 1n 200 ml of buffer Lz. 'Lysoéyme"f

standards were prepared by dlssolvlng 30 mg 1n 25 ml of LZ and ;J.'""
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filtering. A 1:10 (5:50) dilution of this had an absorbance of 0.300
at 280 nm. This dilution was equivalent to 113 ug/ml. This dilution
was diluted 1:10, 2:10, 4:10, 5:10, 6:10 and 8:10 in LZ buffer as in
(). All standards were determined three times and all unknowns once,
except for 0, 4 and 16 minute points of the water only control which
were done in duplicate.

~ The solution; remaining at the end of photooxidation with the -
control and azide inhibited reaction were evapdfatéd in é ?otary'film.
evaporator to foﬁ: and two ml, reséectively.- The solutiéns were acidf
ified with hydrochloric acid until the dye dissolved. The protein
was precipitated and tﬁe dye. removed by mixing ﬁhe solutions with éold
aéidified acetone (;% hydrochloric acid) at the rate of two ml 6fsoiu—
tion to 12 of acetoné. The tubes were céntrifuged and the supernate
decanted. The protein was redissolved in two ml of water and repre- -
" cipitated twice. :Tﬁeﬂfinal pellet (V0.2 ml) was dried by a gentle air
stream and dissolved in two ml of water. The solutipns.at'this bbint.
was yellow—brown suggesting melanines or kynurehines: One.ml aéigcé
of each of the solutions was.hydrolyzed by mefhaneSulfonic acid and_
sodium hydroxide hydroiyges. The amins acid'analyzér run codes ﬁere:
_contrél acid 738—74,'£ontrol bése 789~-74, azide gcid 790-74 énd azide
base 791-74. The basic hydrolyses were run only oﬁ‘the long (acidic

and neutral residues) column.
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D: Essehtially the same as (C) with the following:differences.
The effects of a21de ahd deuterlum”oxlde were 1nvest1gated in both
pPH 4.7 0.1 M acetate and pH 6.2 O 1 M phosphate systems. A 51mpll—
:fled buffer preparatlon was used as 1t_was calculated that even in
the presence of O.l Mlphosphate or acetate prepared from,H+ contain~
ingvmaterials and IOOpuM lystome that the concentratfon of'hfdrogen
would be less than l.M vs.ﬁca;.llQ M for deuterium; which should
shorten the lifetime of:singlet oxygeh less than'ld%. The azide coh— .
centration in the.ihhibition reactionsiwas 072 M lnstead of. 0.1 M used
in other experiments,”:The 750 watt projéctor;ﬁlrror'lllumihatiohfsys-
:tem was used to illumihate the solutiOns throuch the bottom in 56 ml
volumetric flasks in a clear ice bath;

The coucentrations of lysdgime in‘these determihatiohs were'all
100 UM. The dye concentration uas'nearly exactly twice that. Photo;
oridation solutions were prepared’according to Table 1.

Just before the start of llght exposure, the solutions uere
mlxed with 0.10 ml of 0. 041 M hematoporphyrln (137. 8 mg, 2. 05'5.10;4"'
moles, of,the dihydrochloride in 5.0 ml) .in ethanolf-‘The‘solutions'
~ were sahpled at 0,-1‘:2 4, 8, lép 3é.and %4 minutes._ The-deuterium
zsolutlons were addltlonally sampled at 0 ‘5 and threé minutes. Samples,
'of l 0] ml were' taken and added to 9. 0 ml of LZ buffer and stored 1n-
_the ‘dark ln a refrlgerator. Slnce us1ng these solutlons dlrectly 1n_

"the Gorin activity a9say dilutes them,l:30,'91V1ng_an insignificant -














































































































































































































































































































































