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April 30, 1959

dr. Katherine Wilson, Executive Secretary

Genetics Study Section

Division of Research Grants

Rational Institutes of Health

Bethesda 14, Maryland In re: C~2440 (C4S1)

Dear Dr, ¥ilsont

In resyonsze to your request, the followinz is a summary
report of prosres: achleved by the above project during the
past two years, Only major ;oints are incluied,

The work of the project has centered around %he problems
of the jenetic control of :rotein ayntnesis., PFrom a zenetic
peint-of-view, the most iz ortant groblems of jene-to- rotein
inforration transfer are those of the determination of armino
aeid sequence ani the control of folding of the polypeptide
chain, ¥From a bilocnen:czl polnt-of-view, the jroblems consist
of demonstrating the involvement of the blochemlcal nrocesces
involved in protein synthesis, i,e., activation .f amino
acids by ATP, transfer of aminoc acids to and transport by
"soluble" RNA, condensation of amino acids into a polypentide
chain presumably on a zlerosomal RHA tenplate, removal of the
polypeptide chain frow the #NA surface, and formation of
foldinzs and cross-linkazes,

The zenetie control of anino acid se.uence has bheen
demonsatrated by Ingrabam in human heno-lobin, Our own work
hag daalt with {wo cases which apparently involve the genetic
control of folding, i,e. the "isrouss™ or "tertiary" confir-
urastion of the prctefg"ﬁoiecule.

The first of these analyses has lealt with the enzyme
tyrosinase in Reurosrora grassa, In previous work, pre-
liminary tenesliec ana&vafﬁ vhe difference in tyrosinase
activisy between the mutiny types of strainm 15300 (albino-2)
had suggeunted that enzyre convenirstion and enzyne specificity
are controlled by two different gsenetic systemz, both prob bly
cozplex and neither invoiving the moting tyre locuan, This
senetic dusllity led to the formulation of a tentative
hypothesis rezurding tyrosinace syntheszis (Fox, 1954,

Nature 17%1450=~351)s

—» proiyrosinase —>»btyrosinase
3ta el 3taze 2
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It was proposed th:t emch of thewe stages is under zenaetic
control, &Stage 1 couid involve estublishment of amino acid
seguence and preliminary folilnzg, while stsge 2 could involve
establishment of final tertiary coafiuration,

The major features of this proposal have now been
validated (Fox and Burnett, 1959). PFrotyrosinase, a large,
enzymatically inactive polypeptide, electrophoretically sep~
arable from tyrosinase, has been dewonstrated and isclated,

In mycelial extracts it is activited to form tyrosinase of the
same aspecilicityas 1s formed in vivo, The kinetics of activation
are first oriery suziesting a mon molecular or pseuiomono=
molecular process, Activation is mediated by one or more
enzymes, electrophoretically separable from both ppotyrosinase
and tyrosinasze, Cultures which are genetically incapable of
forsing tyrosinsce either f£ail to form protyrosinaze or fail

to form activating enayme,

These results =re in markel contriszt to those reportnd
by Horowits and Pliug.g Thaselworkers report a pair £
sontrasting slleles, ¥ and T, preducins respectively therno—-
atabile and tnermolabile Lyrosinacze, Since only one of the two
enzymes could be [ound in & homoc:zryon (iepeniins on which
sllele was present), and since both enzymes were ;ro’uces in
unaltered forz in heteroc:ryone, it wzs concluded that eash
of the slleles produces its respective enzywe without interaction,
L:8¢ by means of a tex late mecnanism, HNo differences in
specificity (Michaelis constant, turnover number) could be
found between the thermostable ani thermolabile ensymes, and
strip paper electrophoreasis yielded no evidence of hetaro-
genelty in either cace,

Until recently, the connection between the analysis of
Horowits and Fling ani our own was not apparent, We had also
been unable to dexonstrate heterosgeneity in strip paper electro-
phoresis, but 1t appeared that only the ther.ostabile tyro-
sinuse was present in our material, We now find, however, th:t
continuous paper elecirophoresis serves to separate the tyro-
sinsnse extracted from homocaryons intyu three cum:onents of
indistinsuishatle specificity. One of the:se (?1) exhibits
an enerygy of thernal inactivation of 95,300 cali/mole, virtually
identical with the value reportei by Horowits and Fiiag for
their thermolabile tyrosinose, The othsr two (Te and ?3)
extiiblt enersies of inactivation e uzl to 60,900%and
574300 cal,/mole respectively, closzely simiiar to the values
reported by Horowlits and Flinz for their tuermpstabile enszyne,
Together, T, and T3 eonstitute 96k of tue trrosinsse extracted,
The yrea@ncg of Py,”cannot be .etected wiltiout prior fractine
ation by continua&s paper elecirophoresis, karecves, igring
incubzti n of erute extruc.s at low temperatures (5 =257),

T, and T, disappear, Quantitztive mossurements discloce that
t&e tecrBo se in Tl and T2 is exactly coumienuntel by an increuse
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in T§, ag if both of the former are cunverte! in%o the latbers
(1,—>T,)—>1,

or
Tl '
I3
7

Oversll, the tersinel st.ges ol Lyros.unse synthnesis seew bto
be as followss

P.__E__a(Tx——>?2)————e>T5
or

E ,
Fl‘—"l‘_?Tl\\9
. B A%

zratyrss%awse B, activ tin; enzyme Or enzymesy
thernolabile® tyrocinties T, and T5; *thermostabilie”
3§ruﬁiﬂaaﬁn) =

It is entirely pos-ivle that the coawversion of Tl and T2 to
Tﬁ ie zlso enzywmatically c¢avslyzed,

The identical specificities of T s and T, would seem
to render the flirst of thecse schexes ‘J&fgrﬁble 3n¢ would
indicute thut speeificity iz detereined in earlier stages of
synthecls, ;&g. &t the tlme of deteriinstion of amino acla
geguence Or “‘urins prelisminary folding. The aifferences in
tuer&ouﬁability and electrophoretic wobility of T ' and
sug;est Jdif ereuces in e ti ry structure prath r t an

geir active centers, The conversivn of the two former iﬂmo
the latier suggests bthat the T locus of Horowitz and Fling
produces ita effects by controlin: the rate of these ternminal
s8tuges in tyrosinave 3ynanem1§, tiun lesiin: to the preéiome
inanca of one® or the otuer of ihe enzynes, rather than by
means of a teculsie mechonism, (These repsults will be re;orted
at the fortheoming Ads I. B, 5. meetinas,)

The second of the two ¢naes whicn we have investi ;ated
has dealt with sntigenic efiects of the sex chromosomes in
Drgsgﬁhiéa elinozaster (Fox and Yoon, 1958; Fox, 19534

ox an:es in Xechromogone gusa*e result in
qu&ii “sive suifte in antlsen pattern, 28 is susmarized in
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the followins table,

Antizens

Sex Chromocomes o=} Cmg =1 Q2
m - - & +*
x/X - - * *
x*:ﬁ%ﬁiiﬁ - - * *
x>zﬁyx-xb - = +* *
X/RX - - * +
m L 2 L 2 - -
x'xsﬂ + + - -
x‘!Lﬂ » L - -
XX /0 + % - -

Bach of the four antigens is a protein and possesses distinct
antirenic specificity ~ there is no cross-preaction of one with
antibody to any of the others, As may be sean, iniividusls

with one Xw-chromouome, regardiless of the presence or absence

of all or part of the X, possess nntisens =1 and O=2,
Individuals with two X=~chromosomes, rej:riless of Y constisution,
possess P-1 and 9=-2, The I cnro:-osore i35 thus not ianvolved,

and the effect is atstributable to the difference in doa2s e of
one or more eucnroumstic loci on the L, prosuzidbly the sex-
idetermining locl themselvea,

{he effect is obviously one on the conliuration of the
antigeniec jroupinzge themselves, ifhe si:nilicance of “he
existence of two specific autizens in each case i3 not yet
understood, bui tiaey may dbe true alternatives, 7his is another
instance of an effect of euchromatie loci on the antigenic
specificity of proteins, but since it is « rualitative effect

of dosase it is. bsble thut a simple tesplate mechaniam
is lnvolved, It seems 1ikely that the differences iavolve

either differences in amino acil sequeance or in prelimipary
folding (or pertaps in both).

The hecerochromatic Y=chromosome hus uo detvectable effect
on the antijeniec specifiecity of proteinas, However, the
immunological and phynlcal proge-ties of a rarticainr protein
are subject to A maternal influence of she I=cnrozosone,
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%hen a female lacke & Y-chronosome (X/X) her prozeny exhibit

an antigzenic apecifisity (¥-~1) associated with a protein capable
of indueing antibody formation in rabblts, and capadble of
uniting with and precipitating the syecirzc aantibody. The

tern “complete®™ iz used Yo describe the properties of the
antigen under these coniltions, ¥When a female possespes a
Y-chromosoze (XL/Y) her progeny exhibit the same antigenic
specificity (¥=1), but it is associated with a protein which

is incapable of precipitating the specific antibody, althouzh
it is capable of iniucing formation of the antibody and of
uniting (inhibiting) with it in v » The term "ineomplete”
‘$#% applied to this situation, TIhe effect seems to be localized
in the proximal portion of the short arm of the YI-chromosome,
is8. to that portl.n carrying the nucleolar organizer.

The difference between complete and inconplete Y-~1 probably
reflects 8 physical difference between the respective molecules
of a sort not iavolving a difference of their antizenic group-
inzs but rather in their nucdber, Both forms of Y~1 are non-
dialyzable, heat labile, and precipitated by protein pre-
eipitante, Conplete I-i is preciritated from crude extracts
by sinpple dimalysis against water, A physic:l diflference between
comilete and incomplete Y-1 i3 sugsested by a sreaster resistance
of the former to iractivation duriag lyophilization, The two
forus could differ either in the size of thelr respective
molecules or in the way in wmhich the polypeptile chain is
folded,

It 18 interesting to anote thsbt it is the prescnce of the
Y-chromosome in the ococyte of a fezale that 1s reaponaible for
this effect, but that the effect is observed in her [rogeny
as sdulte, The losg of the Y during meiosis does not alter
the result, Thus, & self-perpetuating mechanism must be eat-
ablished in the oocyte, capadble of maintaining itself in the
soma during all of development,

These observations are probsbly assocliated with those of
Sehultz and coworkers that the Y-chromosome influences the
base constitution of RNA synthesized in the cocyte. Since
euchrom:tic changes have effects on specificity, while heterc~
¢hromatic chunzes seem to affect only tertiary structure, it
i8 poszible to suggest that each produces an RNA of different
function, EBuchronatin may produce RNA concerned with the
determination of amino acid sequence and preliminary folding,
while heteroenromatin mitht produce ENA concermed #ith the
deternination of final tertiary structure, Both of thece
kinds of RNA could bp the constiteents of the cytoplasmic
(niorozomal) ribonuclecprotein particles, and some kind of
mechanism of somatie self-perpetuation is conceivadle,

These observations and specul tions serve to indicate
the iirec:ion of future work and providie a connection with
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the recent bdbiochemical developments referred to above,

The followinz publications have resuited from the work
of the project during the pazt two years:

Fox, A, 5, 1957. QOenes, The Encylopedia of Chemistry,
&. L. Clark and G, G, Hawley, eds,, Reinhold, mew York,
PP« B42«444,

Fox, A. S,y and 3, B, Yoon, 1957, Application of azgar-
diffusion techniqgues to the anslysis of Drosophila
antizens, Anat. Rec, 12815%2 (Abstraot),

Fox, A, $,4 and 3, B, Yoon, 1957, Genetic mechanisns
raapanslble for antizenic differences between males

and females in Drosophila melanozaster. Genetics 423
370 (Abstract),

Foxy A. B,y and J, B, Burnett, 1957, The components of
ghc protyrosinasce activation gystem in Neuroape 8y
atrain 15500, an: their production by senetically
differsnt cultures, Genetics 42:370 (Abstract),

Pascealdo, K, E, 1957, A technigue for the collection
of bacteriologically sterile flies, Drosophila Information
dervice 31:1174~175,

Bead, C, G, 1957, The s«ffect of Bar, Enhancer of Bar
and ciaanses in their positiona on the free amino aclds
and peptiles of I, melanozaster, Drosophila Information
Service 311133-134,

FQX{, Ac gg. and 5; Et YGO@. l%sgg Anti;ﬁnia dsfferences
between males and females in Drosophila not attributable
to the Y chronmosome. Pransplant, Bull, 5:52«55,

Fox, A, 3, 1958, DThe zenetics of tis ue specificity,
%ransglanﬁ. Bull, 5177 (Ab:stract),

Foxy A, S,y apnd J, B, Burnett, 1958, Kinetics of tyrosine
oxidation by eruie tyrosinaze preparstions from Heurospors
grassa, Froc, 3oo, Exp, Bilol, Med, 981110-114, ~

Foxy As 8. 1958, Immunogenetic studies in relation to
problems of protein synthesis, Froe, X Int, Cong,
Gen, 218485 (Abstract).

Poxy, A, S. 1958, Genetics of tissue specificity, Annals

yox' IA§ ﬂ" md JQ B. Bnrnetﬁ. 1959. Th& gen@tigs &nd
blochericbry of tyrosinacze in HNeurospora crassa, In
Pigwent Cell Biolozy, K., Gordon ed,, Academic 85,
Pp. 24D=277,
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?ug A, Sgg Mend, C, 6.‘ and I, L, MOnc 19590 The
ssx peptide of Drosophila melanozaster., Secience,

in preas,

Foxy As 3¢ 1959, Genetic determination of sex-specific
antigens, Jour, Nat, Cancer Inst., in press,

Sincoerely yours,

Allen 3, Pox



