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ABSTRACT

 Ihe enzyme = dopa decarboxylase (DDC) from a wild type strain

of prosophila melanogaster was pﬁrifiéd by a conventional
rethod and characterized. The‘moleCular'weight of the native

eniyhe Was determined to be 112,600 by sucrose gradiént

.

Al

sedimehtatiQP | and '.1Q2,200 ' by variable porosity'
polyacrylamidé gel eleétropyoresis under ndn~dénaturinq
conéitions. .The subunit molecular weight.of‘the enzymé in
fhe presence Oof SDS was SH;ObO. Baigd upoﬁ'theSe‘data, the
eniyme was postulated to be.g\homodimer.
The techniqﬁe of immung!ffinity chr&matography was used
.to purify cross¥reacting material from the wild type and
three mutant gtrains carrying putativé DDC structural dene
mutations. These strains were analyzed on polyacrylamide
. gels in ah attempt to detect. electnophoreiic variation.
Eifferenc;s among the strains éereJnﬁt observed following
electrophoresis under‘ non-denaturing cgnditions or imn the
presence of SDS, but variationvdid appear to be evident in
thé presence of 8M urea. 'Tpeée- preliminary experiments

'suggested that the mutant allele, Ddcs, did indeed produce a

subunit which demonstratedjelectrophoretic variation. This
wWas taken as evidence that the mutation was in the

‘structural gene for DODC. . ' P
.

Finally, a technique to radiolabel larxal proteins‘;g
vivo was developed. This will circumvent & majof difficulty

encountered. in this work, namely the insufficient quantity

e

~

of putified DDC that <could be obtained for\biochemical



~

- studies. The availabili@j jf radiolabelled enzyme should:

% ‘ N o
rermit a variety of analyses on DDC in the putant and wild”

type strains including the medsurement of cross—reactiné

~

material, peptide mapping, and electrophoretic analysis. -
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I. INTRODUCTION
The regulation og\\qgne expression 1is of »fundamenfal
importance to all livi\i organisms. In particular, it has

recome apparent that the jvariable expression of the genetic

'Fotential over tine comprises the basis for the development

cf higher organisms. The key to understanding the
developmental process in ' higher eukaryotes is the
élucidatibn( of the mebhanism by which a single totipotent
cell develops ~into an organism composed of a variety of
highly differentiated cells. .

our knowleéqe of genetic requlation in prokaryotes is

tased 1largely on the operon model of Jacob and Monod (1961).
&

- However, comparable progress has not yet ggen nad® towards
Ay P

understanding the regulation ofogene expression during the
development of‘hiqher eukaryotes. ; !

One approach in attgmptinq to elucidate the mechanisms
responsible for the developmen£ of higher eukaryoteé has
teen to investigate, geqetically and biochemically, systems
uhiéh demoﬁstrate variakle expréssiqn‘during the course of
devglopment. One such system is the regulation of the enzyme

dopa decarboxylase (DDC) throughout the development of the

fruit fly, Drosophila melanogaster. :
:ﬁkhe

Ipterest in DDC arose initially from experiments o

tlowfly, Calliphora ecrythrocephala, as the enzyme aﬁpeared
to be under the direct influence of the steroid horm&ne,
ecdysone (Sekeris and Karlson, 1964). Subsequent data(Shaaya

and Sekeris, 1665) suggested that ecdysone was directly
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A

involved with the induétiod of DDC only at pupariam

formation. Later in dé&@lopment, following pupation,

i

ecdysone increased without corresponding rise in enzyme

. . \ . ..
activity. still later, at adylt eclosion, enzyme activity

was high while ecdysone had retur%ed to background levels. 2
- more recent profilT of ecdysone titre and DDCVactivity
r/“\}.through the life history of Drosophila(Clark et al.,1979)
has demonstrated five peaks of enzyme activity with only the

ma jor peak 'atv puparium formation coinciding with a high
titre of ecdysocne. Thus, the regulation of this enzyme in
Lrosophila 1is complex and is being pursued in the hope that

this system will provide insight into the regulation of genée

expression in higher eukaryotes.

A. The :Role of DDC im Insect Developpent
Although ©DDC has ©been shown to be involved 1in thé
) production of neurogenic amines in the <central ner?ous
system of Drosophila (Dewhurst.gg al.,1972), the most widely
studied funcﬁion of this eﬁzyme in inseét development
concerns 'its role in the sclerotization (hardening and

darkening) of cuticles. The sequence of steps involved irn

the sclerotization pathuéy is diagranmmed below.

phenoloxidase dopa decarboxylase
TYROSINE ------ e » DOPA - ---mmmmmmm oo - » DOPAMINE
hydroxylation decarboXylation ! dopamine
o ! acetyltrans-
J . o y ferase
SCLEROTIN <temm - N-ACETYLDOPAMINE _ ______ N-ACETYL-

QUINONE DOPAMINE

Sclerotization in Calliphora was the subject of extensive



research by Karlson and his associates once the involvement
of ecdysone 1in this process had been established. These
workeré determined that the scierotiZation'pathuay is an
alterﬁate form “of, tyrosiné metabolism whiéh is activated,
under fhe influence of ecdysoné, in late third instar
larvae. The end product of this pathway is N-acetyldopanmine,
the‘sclerotizing agent(Karlson and Sekeris,1962); )
Several experiments indicated that the induction of DDC.
was the primary recPonse to ecéysone. Firstly, the 1n]ectlon
of ecdysdne into the abdomens of larvae, isolated from the
source of\the hormone by ligature, was shown to enhance DDC
activity substantially(Karlson'aed Sekeris, 1962). Secondly.,
inhibi&ors‘ of BRNA . and protein 4synthesis were foﬁnd to
inhibit the induction of DDC (Sekeris and Kaflson,1954)‘ This
evidence prompted Sekeris and Karlson to postulate that the
induction of DDC activity was the résult of the de novo
synthesis. of the enzyme caused by the direct interaction of
ecdysdné with the DNA to stimulate the production of mRNA
for the enzyﬁe. More recent studies involving hormone
‘receptor molecules(see O'Malley and Means,1974 and Yamaﬁbta
and Alberts, 197évfor reviews) have shown that»the mechanisn
postulated by Sekeris and Karlson is not correct, but their
cbservatlon that ecdysohe 1nducesé2%e production of both DDC
‘and its mRNA ' in late third instar larvae has since been
@emonstrated in several insects(chen and Hodgetts, 1974;
Fragoulis and Sekeris, 1975a,b; Kraminsky, 1979). |

"

additionally, the stimulation of enzyme activity by
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ecdysone has been established in the ovarian development of

predes aeqypti in which DDC was shown to be essential for the

o ; )
normal hardening and darkening of the chorion of mosquito

eggs (Schlaeger and ‘ Fuchs,1974a,b). Dopa decarboxylase

t ’ ; _
appears to be the only enzyme in the sclerotization prog

to be directly. influenced by ecdysone as neither

phenoloxidase nor dopamine acetyltransferase is dependent

“upon the presence of the hormone for activity(Sekeris and

Karlson, 1966).

The studies of DDC in Calliphora uefe followed by

numerous reports on this enzymeiviq Drosophila. In 1969,

lLunan and Mitchell found that DDC in prosophila, as in
Calliphora, 1s most abundant in the epidérqal tirssue. These
authors reported that the sclerotization pathway in the two
insects -is virtually the same with the exception of the

accumulation of tyrosine-o-phosphate in late larval stages

of Drosophila.,They suggested that this compound is an inert.

storage product that>is rapidly converted to tyrosine when
sclerotization is initiated.
BE. Genetical and Biochemical Studies on Dipteran DDC

The advantage of studying EDC  in Drosophila

me%anoqaster becomes L apparent as ‘d result of the genetic

analysis which has been carried out by two grouﬁ%, those of

Wright and Hodgetts.

% of DDC by

' /.’) ' :
gsing alpha-methyl dopa, a nqn‘bompetitive iphiBbitor of the

e .5/ 1

7 : S -

/

Wwright initially approached the genetic st

j 3
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enzyme (Sparrow -and Wright, 1974) that is a structural
_analoghe of dopa, to screen for mutants affectlng the level
of - DDC activity. He rationalized that one mlqht ;&pect to
fecover nutants with altered levels of DDC which would make

7 [
them resistant, oOr more sensitive to the inhibitor than the -

wild ty pe. !

A lsearch for élpha—metﬁyl éopé resistant
strains (Sherald and Wright, 1974).ﬁltimatelj yielded three
vatiants; designatéﬁ s, R, and 327 whi?ﬁ wére andlyzea in
detail. . Two of the strainé} S and R;gshbved suﬁstantial
increases’ in. DDC activity, relative to the Hiid type,
accompanied’ by increased vresistance to the iphibitor. The
géhes/Vrespsnsible-for“these variationslyere localized using
compound second chromosomes in which portions of the wild
type chrom650me’- ueré cbmbined with portions of' the
chromospme aerived from the mutants. The region responsible
for increased DDC activity was localized)xo chromOSome 2L
while the alpha-methyl dopa resistance mapped to both 2L and
2R. .The third strain, R2, showed increased resistance to.
alpha- methyl dopa, again mapping to 2L and 2k, without a;y
variation 1in DDC activity relative to the wlld type.

A | screen ‘ for _lalpha—methy} dopa hypersensit%ﬁe
rutarmts (Sparrow and Wright, 1974) recovered eleven, but no
variat;on could' be detected Hi£h respggt to DDC activity,

thérmolability, or im vitro inhibition by alpha-methyl dopa.

Thus, attempts to use alpha—methyl dopa to screen for DDC

activity vartants vere only partly successful.



1 - Hodqetts(1975) used ,the = technique of 'segmental
| aneup101dy(L1ndsley et al.,1 72) to 1dent1fy a single dosage
sen51t1ve reglon for DDC on’ uhromosome 2L betueen bands 36EF

‘and 37D. This permltted tﬁq subsequent recovery and analy51s

of a Set of--overlapplng deficiencies for the DDC dosage

sensitive ‘r&jion (Wright ot al.,1976a). EA Ethyl
methanesulfonate-induced' recessive lethal muEations in this

region were _isclated(ﬁright et al.,1976b) “using one of the
/‘

def1c1enc%es known to include the dosage sensitive region.

Eight of these mutants in the heterozygous state exhlblted
'LDC Véctivity ;only 55% that of the wild type. These were
. .designated 1 (2) Ddct Fo 1 (2)Ddcse. Wriqht(1977) concluded that
the substantially lower bDC activity demonstrated by these

[N

putants in conjunctlon with the opservatlon that the enzyme

Jduced is more thermolablle.,tnan “the wild. type enzyme

?rovided strong evidence that these vere DDC structural gene

v

2

conplemented a%i: e;even alpha-methyl dogn hypensensitive
rutarts (;1;lg§§f‘}t~and( did not show hypersensitivity to
alpha—methy1 dora, .drighn concluded that two distinct,
virtually. adjacent éenes exlsted produc1ng gene products
which were p0551bly related in funbtlon.

The studies of Fragoulis and Sekerls(1975c), which

indicated that -~ DDC purified from Calliphora larvae uas a

heterod imer vithx,subunlt: moleculir weights of QB,OOO'and

t0, 000 led Hrlght _et al.(1976b) fo sudgest that tﬁé

~

tantss .Slnce these putative DDC structural gene mutants

e —



3
catalytic' and‘“regulatory‘ subunits, .respectively, of the
f : : .
enzyme.
© " ' - \
C. Purpose of this Refearch

When this -study vas initiated, the’ biochemical

<;£formation concerning DDPC 1in Drosophila melanogaster was
minimal. However, the genetic studies”had led to hypotheses
which demanded biochemlcal analyses of the enzyme.

J

A major goal of this research was to lnvesthate the

subunit structure of DDC_ from . wild type prosophila. As
stated above, Fragoulis and Sekeris{l9750)\had‘claimed that
CDC* from Calliphora was a heteroolmer.-a‘preliminary result
of ‘Hodgetts and Clark which sugqested that DDC from’
prosophila Has.also a heterodimer was reported by Wright gﬁ_

l.(1976b). However, the molecular weight analysis in this
'stuéy(ghich “has been reported by Clark et al.,19178) shoued
that the enzyme in prosophila is a homodimer.

Based wupon the finding that DDC from Drosophila is a
tomodimer, Clark et gl.(1978) proposed that the DDC activity
amd cross-reacting material (CRM) levels which they observed
in the 1(21pdc mutants isolated by wright et al. (1976b)
could be accounted for if these vere mutations in the

" structural gene for the enzyme. Specifically, they divided
the putative structural gene mutants into three-classes
based\upon DC act1v1ty and CRM levels. Figume 1 illustcates

jthe molecular nature of each class. .

lass I 1is composed of trae null mutants. Chromosones
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carrying a class I allele give rise to subunits which are
incapable of dime;ization and are prqbably‘degradea..Such
allelés behave like deletions or nonsense‘muiatioﬁs in: the
structural = gene for the.,enzyme. Consequently, in the
heteroiygous muﬁant stocks both the enzyme acfivity and CRM
levels are 50% of the viid type as only the Cin
chromosome (Cy0 1is a multiply inverted balancer chromosomne,
which carries the 1(2)Ddct* allele) will ultimately prodgte
DDC wild type subunits. A class II mputant results in altered
enzyme ‘subunifs being produced from thel chromosome
possessing the mutant allele.. The cl;és II subunits can
' J

asséciate with wild type subunits produced by the Tyo

/

chromosome. The phenomenon of negative complementati?ﬁ is
allegéd to occur in this situation in which a mutant II/:ild
type enzyme numclecule has reduced acti&ity and,CRM«fel¢Zive
to a:wild typé/uild type molecule. Therefore, less fhan 50%
activity and CRM are observed. Finally, the <class I1I
_mutants are analogous to thoséi@a class II except that their
. . W

putations are not as sevére. This 1is evident.from the
cubstantially higher CRHM levels, 75% of the wild tYée,
implying that the mutant III/wild type enzyme molecule. has
virtually wild//type CRHM levels in addition to some enzyme
actiiity. |

A second goal"bf this thesis was to provide additional
riochemical evidence for classifying the 1(2)Ddc mﬁtants

into the three groups.just,described. The demonstration that

a putative structural gene mutant produces a proteln that 1is

v
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hiocpemically distinguiéhable from thé gilq type protein is
conéﬁdéréd to be strong evidemce that, in fac;, thé mutation
does .occur 1im the structural gene. Hith this end in mind,
thév development of a‘ purificatién procedure involving
immunoaffinity chrohatography(IA{;;Pecame'essential; Such a.
procedure a;lbwed for the isolatio; of CRM-positive, but not
necessarily active, DDC. Based wupon the‘observations of
Clafk- et g;.(1§?8) that the class III ﬁutdnts bosséss 75%
CRM, the IA' technique was used to purify both wild typelandg\\y
ratant subunits of the enzyme from these stocks. The
purified enzyme was then éubjected to elect;ophoresis on /7
analytical polyacrylamide gels 1in an attempt to detect o /
eiectrophoretic varigtion' betwqen enzyme derived from the

‘wild ‘type and enzyme -derived frchfthe class III-putative

~ N\
structura*\gene mutants.

-
R}
—

~ .
N B



IT. MATERIALS AND METHODS
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& )
. Ad Haintenahce of‘Stoéks

The Strains analyzed. in these expe;iments includéd
Canton-Specsal (C.é;f, jthe wild type, and ﬁwo stréins in
vhick the DDé mutant.\allelés ‘;ngggés and l(2)bd§° were
presert. More‘specifically, the sfrains were b hk 1(2)bdcns
pr/CyO, deI'Cy pr cn?2, deéignaied pdcs/Cy0 in this thésis,
and rdo. hk 1(2)ddc n8sCyC,dp V¢ Cy pr cn2,o desiqnaygd
Ldc®/Cy0. Thé doubly heterozngus strain, Dch/Ddce, Jég
produced by Crossing " DdcsS/Cy0 x‘Ddce/CyO since theseutwo.
mutant alleles complement one anopher(wrightlgg al.,1976b).

Llarge quantities of la?e third instdT larvae were.
collected fron Fopulation cages Co;taininghseveralbﬁhpusand
adult flies on 21x1d4x7cnm plésﬁic.trays containing standard
food (Nash and Bell, 9/8). Egg laying was not critiéally
timed although - trays were usual;y_ieft within the cage for
abcut .one day at 2506,'§preading a live yeast and sucrose
raste on thévsu€facé ofvthe food was found to igccease egg
laying ggeatly. Once rémoved frbﬁ the population cage, the
organi§ms vere allowéd to develop within the trays-at.25°c
unti; late third instar. The matufe{;ar&ae were subsgquently
collected - from the walls of'the tfays,Adfied, weighed agh

frozen at -400°C.

11
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E. Enzyme Assay
The radiometric method for assaying DpC'activity was
performed in the manner fully described by Clark et’

al.(1978). Standard condltlons, 1nclud1ng that of a two hour

post incubation perlod were folloued.

C. Protein Determination ' &\_ : c ‘ ;

e protein  concentration in all instances :as
d termihedvby the methed‘o; Lowry et al. (1951) Bovine serum
bumin . was used to generate a new sta;dard gurve for each
rmination. sodium tartrate was foubd to produce a more
li;ear standard curve than sodlum c1trate and was therefore

used throughout these experiments. - .\&

[. Enzyme Pur1f1cat1on -

" Dopa decarboxylase was purified by one of tWo methods.
Initially, the purlflcatlon procedure followed was that
butlined"by.Clark et al. (1978). Howegfr,ﬁthis-procedure was.
dltimately replated by mone which;ihcluded immunoaffinlty
chromatography. The develbpment of the _immunoaffinity
chromatography step 'will be discussed at iength in the

Fesults.

E. Concentratlon of nghly qulfled Enzyme
The concentration of hlghly‘ ‘purified hple was

accomplished at the outse€\ of +this work using an Amicon

Model - 10-PA propellent—pressurized,f nop—agitated



13

ultrafiltrabioni cell' equipped ;ith a 25mm XM- 50 membrane.
However, ~the’ iater use of stlrred ultraflltratlon dev1ces

provided 'fafﬁéuore‘ satlsfactory results. ‘Enzyme fronm the
strains used for mutant analy51s vas ‘initially concentrated
in"aa Anicon ‘Model 5? stlrred ultraflltratlon cell\u51ng a
43mm YH-1O memtrane. Ihe Model ‘52 -conqentrate was;then
transferred to »an émicon Modell3.st3rred cell witb a»QSmm

oM- 10 membrane in which the conoentration procedure was

completed. Final concentrates reached volumes as low as

200ul.

F,dSucrose‘Gradient‘Sedimentation
Holecular weight est&mates for DDC were obtained usinu
the method of"l Martin and ,Ames(1961), by sedimentation
through a b5 to: 20% linear gradlent of sucrose 1in’ O 0324 )
sodium phosphate tuffer (pH 7.3jA contalnlng 1.5 X 10‘§M
pyrldoxal 5. phosphate .and 10 ~3M DTT. - Cent 1fugatlon wa ab
150 OOOxg for"18hr .at  59C in;'a Beckman SW 50.1 rotor.
oradlents were unloaded -by. collectlng drops into tubes -l
containing 200ul of the above buffer. The protel: standards - ‘
used in these runs 1ncluded bov1ne serum albumln, monltored
by its absorbancy at 280nm, and alcohol dehydrogenases fronm.

horse llver and yeast, assays for which were carried out as

descrlbed by Vallee and Hoch(1955) wlth minor modlflcatlons.
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{ v
G. Polyacrylalide Gel Electrophorésis

~ Non-denaturing Gel Electrophoresis

Analytical .polyacrylamide gels were prepared according
té Hedrick and SmitH(1968) with the addition of 0.062%(v/vV)
TEMED (Eastman Chemical Co.) to the large pore gel solution
to effect polymerization. '

The molecular weight studies 'fqr the non-denatured,
wild type enzyme were <carried out using 8.5% and 10.5%
polyacrylamide gels cast in tubes. The gels were run at
1.5ma/tube ’for 3 to 3.5hr at 4°C. Data from these runs wvere
analyzed as suggested by Héﬁr;ck and Smith (1968).

Non-denaturing 10% polyacrylamide gels for the ahalysis
‘of ‘the mutants were érepared a# slabs(14x11x0.1cm)-and run

at 12ma for ©Shr at U49C. The reservoir buffer vas replaced

with fresh buffer at 1.5hr intervals throughout each run.

Eenqturing SDS Gel Electrophoresis

Sodium dodecyl sulfat¢ polyacrylamide gels vere run as

described by Kikuchi and ¥ing(1975) to study the subunit
-
size of DDC for the wild type and mutrant strains.

The wmolecular weiéhf estimpates of subunits of the wild
type enzyme vwere based upop runs in slab gels(12ma) or in
tubes (1.5ma/tube) fop Shr At room temperature. Samples were
diluted 1:1 with - reducing buffer (3% sps, 5%
;3-p3rpaﬁtoethanol, 10% glyvnrol, 62.5nM Tris-HCl, pH 6.8)
and boiléd”for'Smin.prior to Jﬁadinq. The data were analyzed

_according”to Weber and Osborn (19F9) .
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Denmaturing Urea Gel ﬁlectroghoresi§ o \\

Polyacrylamide urea gels were prepared agcording to the
protocol of Paﬁyim and Chalkley (1569) with some
rodifications. lA 10% acrylamide gel solﬁtién at pH 4.1
corntalning 8M urea(pre-purified by‘ Dowex anionic and
cationic éxchange resins), 5% glacial acetic acid, a

BIS:acrylamide ratio of 1:150 and 0.33%(v/v) TEMED

rolymerized with the addition of 0.5%(w/v) ammonihm ‘
persulfate. The gels were run at 150V for 12hr.at ubc.‘,

loading samples in 8M urea containing 5% glacial acetic acid‘

rroved to be superior to the preparation suggested by Panyim

and Chalkley(15% sucrose containing 5% glacial acetic acid).

Protein. Visualization in Gels

A1l gels were stained overnight in Coomassie Brilliant
Plue R (0.05% in 25% isopropyl alcohcl, 10% acetic acid).
Slab gels were destained by diffusion in 7% acetic acid for
at least one day. Tube gels were destained
electropho;etically and, in some cases, scahned qith a Joyce
microdensitometer., Complete instructions for prepafing ;ll

gels are located in theAﬁppendig{—}‘w

B. Amino’Ac{d Analysis
Dopa decarhoxylase of 98 % purity was dialyzed against
double distilled water, lyophilized and suksequently
hydrolyzed in 6N HC1 at 110°C in vacuo for periods of 24, 48
and‘72hr. Amino acid analysis of’/this material vas performed

using the »Durrdm_ Model vD;SOO’ amino acid analyzer. These

&



16
analyses were kindly carried out by M. Nattriss.,
1. Preparation of the Immunocaffinity Matrix for

Chromatography

Partial Purification of Antibody

Y

The IgG compOnent was purified from the crude antiéérum
preparéd by Clark et é;.(1978) by a method adapted from
Andres (1976). A variable volume(typically 2 to 5 ml) of
crude antiserum(batch 6GD6) was diluted 1?1 with phosphate
tuffered saline (0. 7% NaCl in 0.01M potassium phosphate, PpH
7.%5). Subseéuently, 0.5q/ml of solid ammonium sulfate was
added and the precipitated protein collected by
centrifugagion at 12,300xqg for 10min at 4°C. The pellet was
resuspended in a volunme bf phosphate buffered saline one
half that of +the previous volume added, and desalted by
passage over a 1.2x45cm Sephadex G—éS column which had been
eqdilib:apea with “ 6.01M7 pétaséiﬁﬁ .phgsph&te; pH ~7;5;'
Fractions in which the optical density at 280nm was éreater'
“than 0.2 were pooied'and applied to a 1.2x10cm DE32 (Whatman
Biochemicals Ltd.) column équilibrated with 0.01M potassiun
rhosphate, pH 7.5. -All protein eluting in the initial 25 ml\
of eluate was concentrated to 5 ml by ultrafiltration uéing
the Amicon Model 52 stirred cell equipped with é 43mm PM-10
rembrane.

The concentrated, péf%iéiiy“ pﬁrifiea<Jﬁn£ib§dy " was
titred in the following manner. A crude extract of late

third instar C.S. larcvae was prepared at a concentrakion of
‘ N
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“ 1OCmg/ml in 0.05M Tris-HCl buffer (pH 7.3) which included 1mH

VEIU. A V1OOul_ volume of -crude extract was mixXed imn equal
proportion with{ an appropriate dilution:of the partially
rurified antibody. The mixture was then incubated in am ice
tatk for 2hr. Following the incubation périod, all samples
were centrifuged at 27,000xg for 10min and the supernatant
was assayed for enzyme activity. A sample of the initial
larval crude extract was also assayed as a control foliouing.
2hr on ice. Ef fective immunoaffinity columns were prepared
from 1gG in thch an equivalence point dilution of 1: 50 or
greater was observed;'

Activation of Sepharose 4B by Cyanogen Bromide

or

The activation  of Sephatose 4B(Pharmacia Fine
Chemicalsj by <cyanogen bromide (Eastman KodakA Co.) was

« accomplished _pyithé methéd‘of March et g;.(1979)..5epharose
4R is prepared'fdr cOmﬁércial ﬁséﬁéé én aquedué‘suspension 
in 0;02% sodium azide..It.uas washed free of sodium azide by
>jixiﬁg 20ml ‘qf _fhe commercial prépérgtion with a large
volume of.do&blékdistilled wéter) aliouingvthe agarose beads

to settle and then decanting the wash water. Subsequently,

v

-

20ml of double distilled water was added to the washed
Sepharose. folloﬁed by the ﬁgddition of 40ml of 2M sodium
carbonate, while mixing- sloglg at roon témperature. The
stirring. was increased just priggjto'the~additidn of u4ml of
" an ‘acetonitiile sorﬁtién of cyanogen bromide (29 of cyanogen
tromide/mi‘ acetcnitrile). vVigorous stirring of this mixture

rroceeded for 1 to 2min after which the slurry was poured
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-~

Qnto a éin'diameter Buchner funnel equipped with Whatman #1
filter ' paper underlaia with 50u Nitex nylon mesh. Onder
gentle suction, the activated agarose beads were thoroughly
washed with 590 to 1000ml each of 0.1M sodium bicarbonate (pH
9.5), double distilled water, and 0.24 sodiam bicarbonate(pﬁ
S.5), respectively. The slurry'yas allowed to filier under
vacuum until a <compact cake had formed at which time it

could be coupled to the IgG.

Coupling . of Partially Purified Aptibody to ctivated
fepharose 4B |

The activated Sepharose describea above was transferred
to a- 250mlu plastic bottle containing 20ml of 0.2M sodium
ticarbonate (pH 9.5) and the 5ml of concentrated, partially
purified antihody;"The coupling reaqtion was permitted to
cccur for 20hr at 4°C with gentle agitation. Following this,
a protocol adapted from Edwards et gl.(1977) was followed to
the conclusion of.the matrix preparation. Specifically; 45ml
of 1M glycihe in 0.2M sodium bicarbonate (pH 9.5) was added
with the intention of blocking any unreacted sites on the
agarose beads which would otherwise continue to have
coupling potential.

Finally, the " antikody-Sepharose matrix was washed 1in
the following sequénce of steps, with each of theAfirst
three _Hash buffers bcontaining 0.5 NaCl: 200ml of 0.1M
sodium bicarbonate(pH 9.5), 400ml of O.1M~sodium acetate (pH

4.0), 200ml of 0.1M sodium bicarbonate(pﬂ 9.5) and 400ml of

Buffer P(0.01M sodium phosphate buffer (pH 7.3) containing
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1;3mM 2-mercaptoethanol," 1nM EDTA anfl .0.01% sodium -
- rerthiolate). Buffér P is 1ntended for storage purposes and
the 1mmunoaff1n1r} matrlx was maintained in thls buffer at
4°Cc for at least one year without apprec1able-loss of
‘activity. |
e
J. Peptide Mapping
Preliminary two-dimensional peptide mapéinq experiments
were perforred according to the- prctocol of Bates et
al.(1875) using rabbit muscle aldoiaSe(RuA). Prier to
tryptic | and Chymotryptic digesrion, RMA , was
S—cerboxyrethylated as described .by Gibkons and
Ferham(1970). The'digest was analyzed by electrophoresing at
500v for 20min §§¢§PC(pyridine— acetic acid-water 25:1:225)
in one ‘_dimension . followed by | thin " layer
Achromafography(butan—i—ol-acetic acid -water-pyridine
15:3:12510) in the'second dimensicn. The resulting peptide
map was. visualized by dipping the cellulose paper in a
ninhfdrin—cadmium sdiution(see t he Appendix for details)
followed by oven drying.
K. In Vivo Labelling of Larval Proteins
Radioactive 1labelling of larval proteins ﬁas_performed
Lty feedihg 50mg of third instar larvae (28 toguo.larrae/SOmg,” 
depending upon age) 75ul of an dgueousrsolutien:certéiniﬁq'af.
~14C amlno a01d mlxture (Amersham code CFB.104 batch su) 1ni

» covered glass petrl dlshes(3cm dlameter X ?cm helght)._The
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oommercially avallable éreparation ' hadara radioactive
concentration of- SOuCL/ml éreparedE in<2%;e£haool;ahd was
used difeoflj'“or“;diluted. with double diefilled water, . .
_depending -upon .the amount of’ lncorporatlon de51red. Thé,_

%arvae had usually 1ngested all of the solutlon ‘within’ 5br,
although vthis time varied with larval age. Once all of the

‘ radloactlve mixture had been consumed, the addltlon of 100ul

.of 1% sucrose kept ‘the larvae actlve untll extractlon at_'w

10hr. Crude extracts were prepared at uoc con51st1ng of Squ
of larvae/ ml of extraction buffer(O OSM Tcis- HCl pH 7.3 at
22°c, containing 1im¥ PTU).

The time cou;ee experiment shown in the graph. in Figure
11a of the Results required that the crude extracts be
ICA—precipitated on Whatman 334 filter papers, accordlnq to
the prctocol of Mans_ and Novelli (1961), and counted by
liquid ~scintillatioﬁ- The phglograph in Figure 11b shows a
~ceries of ;abelled. crude  extracts uhioh had been
electrophoresed in:the presence of 5DS and fluorographed as

described by Bonner and Laskey (1974).



III. RESOULTS .

é. Pﬁfsical Properties of the.wild Type Enzyme

7 | Doﬁa ‘decarboxylase from mature larvae bf the Canton-s.
.Stréih was purified for the early analytical work using the
techﬁique described by Clark et al. (1978) This approach
"fﬁill”ﬁe“;eﬁef§?§ §9;§$’the'conVGntional method for purifying
the énzymé.. | | ‘

Molecular We ht of the Natlve nzzme

Molecular ‘Helght 'estlmates were obfained by sucrose
gradlent sedlmentatlon and variable pOEOSlty non- deﬂaturlnq
polyacrylamide gel electrophoresis én DDC.purlfled by the
conventional method. | |

The méan molecular weilght of DDC based upon sucrose
gradient sedimentation experiments uas'112,60016,200(Table
1. No difference 1in the sedimentation behaviéur of the
enzyme was obser?ed in the presence of 0.34 NaCl in contrast
to a previous report on DDC fronm gg;liphora(Fragoulis and
Sekeris, ’1975c). These authors observed several spécies of
varying ﬁolecular weights in the absence of salt, but only
one species in the preéencé of 0.34 Nacl. fhey attributed
thls result to an aggreqatlon dlSSOClathD effect which was
: dependent upon a lov salt condltlon;
A Experlmentc . uslng varlable por051ty -ﬁbn—denatﬁfln@”‘
| ;olyacg;}amldev fgel:  electrophore51s . indicatéa §_ mean
‘polecalar welqht‘?bfd‘102 200+9,100 £6¢ DDC (Fiqure 2) This .

_estimate corresponds wéll““yigh that obtained from sucrose

.21



Table 1. Sucrose gradient sedimentation analysis of dopa decarboxylase

PROTEIN -STANDARD : MOLECULAR WEIGHT S

—20,w
Bovine serum albumin® - . 67,000 4.4
2
Horse liver ADH™ 80;000 4.8
Yeast ADH® S 150,000 - 6.7
_ DOPA  DECARBOXYLASE
Experiment 1
" Gradient’ ‘ o . ] _
1.  Bovine serum albumin + DDC 107,765 : 6.05
2 Horse liver ADH + DDC 108,641 ' © 5.89
3 Yeast ADH + DDC 114,225 5.60
-~
Experiment 2
Gradient
1 Bovine serum albumin + DDC. . 108,199 C . 6.07
2 Horse liver ADH + DDC 112,742 . 7 6.03
3 Yeast ADH + DDC 124,047 5.92
Average 112,600 * 6,200 5.93 % 0.18

Molecular weights of dopa decarboxylase were determined by comparing
the sedimentation behaviour of the enzyme to that of a standard %rotein
included in the same tube, using the relationship: MW, = (d /d ) /2MW
where d, and d., are the dlstances sedimented of the unknown ana standard
respectlively (Martin and Ames, 1961).

Sedimentation co-efficients were calculated according to the equa-
tion: (d /d )S, (Martin and Ames, 1961). The molecular weights and
5ed1men%at10n co= efglcients of the standards were taken from the follow-
ing references: ) :

3

1 Loeb and Schéraga, 1956.
2 Drum et al., 1967,
3 Hayes and Velick, 1954.-

Pand
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'polyacrylamide gel elecfrophorésis

Polyacrylamide gels of 8.5% and 10.5% cast in tubes were
prepared as described in the Materials and Methods. The data
were plotted according to Hedrick and Smith(1968). Three
éeparate sets of runs were made and the standard Eurve shown

in the figure was fitted to the averaged'data points by the
method of least squares. Five estimates of the molecular weight
of DDC were obtained in ‘the three experiments:and the mean value
with its standard deviation is shoﬁn in the figdre. The molecular
weights of the standards were taken from the following sources: |
G-6-PD, Yoshida(1966); yeast ADH, Hayes and Velick(1954)j BSA; ‘
Loeb and Scheraga(1956); ovalbumin, édsall(l953).
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2 o -
'gradient sedimentation.’
'Sevehai‘ aftempts ‘were made tQ determiné the moieéular‘
weight = ©of - the TnétiveVAéng}me:‘in the _Beckmah Model ~E
ultraCeptrifuge. However, the small guantity of ﬁDCvprésenf
in Drosophila and the losses associated'uitﬁ cohcentratinq
dilute enzyme  ksolgtions ' prQVented”_the .attainment of
cufficient VbDC for analysis.‘ Inprovements  in - thé
pﬁrification proced're and ultraﬁiltration have since made a

Model E estimate more feasible.

Subupit Molecular Weight

Dopa decgrboxylase migrated. as a sinqle‘\ﬁolecular
species in SDS rpolyacrylamide gels, exhibitingta moleculd:
weight of 53,950 when run on - a slab gel(Figure 3). The
subunit molecular“ wveight: was alsofestimatédvfrom gels cast
in tubés;v;uhder the same condigions as‘described in figure

3, and found to ke 54,450,

Aminb Acid Apalysis
- ; .
The partial amino ;éid composition of the enzyme is
presentea in ‘Table 2. This analjsis. was of péfticﬁlar
renefit in the preparation of ip vivo labelled DDC,'uhich
.was -accémplishéd by ﬁeeding larvae radiolabelled amino
acids. The mixture of ' amino acidé» to be used in such a

preparation may thus be primarily composed of the amino

acids - most common to .DDC as determined by the amino-acid

&

apalysis.



065 = ¢ aidolase
060 - .
>
pamd ® horse
— i H
_Q 055 liver ADI
£§ :
Qo
>
w 050
(U
b . -
q’ —""—_———-"_-—"“—"""‘J i
: 0;. R
R 1
- 045 | 1 ® catalase
I
_ , ' DDC MW =53,950 :
© 040 A
s S |
1
a5 L T l l N . BSA:f-
4-59 4.63 4.67 . 4.71 4.75 4.79 . 4.83
Log o (MW)
Figure 3. Subunit molecular weight of DDé‘

A 10% denaturing SDS polyacrylamide gel was run as described

in fhe Materials and Methods ‘and the data analyzed.according
to Weber and Osborn(1969). Each relative mobility value is
the‘average.df dﬁplicate samples. The molecular weights of
the subunits of the standard proteins were taken from Weber
and Osborn(1969), and;thévéiandard curve was fitted by the

method of least squares.



Table 2. Aminb acid composition of dppa decarboxylase

" AMINO ACID ; vRESIDUESa/SUBUNIT
Glycine , 73.9
. b ' :
Glutamic acid 60.6
Serine® . : 46.9
. . ,b ,
Aspartic acid : 40.3
Alanine . 40.0
. C
Threonine - 38.5
Leucine i L Coeow 35,08
:Lvsine ' 34.8
Valined . 236
Histidine o 2.2
“Proline o 19.5
Arginine 18.4 - ‘
‘ o d S -
Isoleucine 17.9
Phenylalanine - 16.0 3
Tyrosine : 13.8
Methionine . 9.0

Details of the hydrolysis are given under Materials &nd Methods.
At least two separate samples were hydrolyzed at 24, 48 and 72 hr.
_Except where noted, each value is the average of data obtained at the
three hydrolysis times. Cysteine and tryptophan were not determined.

aCalculated on the basis of subunit molecular weight of 54,000.
“Estimated by éxtrapoiation to zero time of hydrolysis.
_éCalculated.from 72 hr hydrolysis.

bInclddes both ‘acid and amide forms.
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E. Phrification‘of pDC by Imndnoaffinity_Chromatography
Following thé characterization of the wild type enzyhe,
g study was unéertakén to deterhine the nature of the

putativeJDDC structural gene mutants_discovered by W¥right et

¥
|

‘g;.£1976b). Howéver,. .to” performj.such an analysis, . a
technique ‘was reqﬁired to purify mutapt egiyme.ﬁhich was -
CBh-positive, but not necessarily active. The recovery of
highly @utifiéﬁ DDC Ey» the conventional purification 
EN .
procedure provided the basis for the ' preparation of an
immunoaffinity  matrix "~ that allowed 'al purification of
CRM;positive eniyme; This procedufe is'des¢ribed at‘lenqthl
in the text which follows.

Cgerati_g.ggbthe Immunéaffinity Colunn

The defailé of running the Ia column are prbvided in |

the  legend accoupanying Figure 6 (see below). An explanation

a &

6

"cf the varioﬁs sééps:fb;lovs.
A /iajer”‘of;x6:}ml éf thé:antibody—sépharoée matrix,

. ,
Aprepared' as descrikted in_ the Materials and Methods; was
placedfﬁgn tép of 77ml of,Sephadex G-éS)in‘a column with a
di}amegér#‘of 1\:’2cm. Once the column had béen equilihrated, an
alumina —eluate'from.the conventional procedure was applied.
Ai buffer épntaining 14 NaCl was then passed over the colgmn»
to eiute proteins ﬂon—specificdlly bound to the

antibody—Sepharose. This relatively low salt tuffer was
incapable of eluting'DDC specifically bound to the antibody.
Subsequently,‘ a buffer containing 10% glycerol washed avay

any remaining NaCl and non- specifically pound proteins and
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rrovided a ‘stakle collecting buffer for‘tHe €enzyme once 1t
had been eluted. A-note of potential convenience in running
the <column 1s the observation that no siqnificaht loss of

\\

enzyme activity occurred when antibody-bound enzyme reﬁh@ned
. N

on the <column bathed in the 10% glycerol buffer for up to

ore day. Thus, a «column run could be started one day and

completed . the nex® provided that the run was stopped during
the .opplication of thp 10% glycerol buffer. Flution ofvthe
enzyme was accomplished with a buffer containing 34 NHSCN
which 'dissooiétédvv the- enzyme from the antibody. The
importance , of having a lona columnn of Sephadex G-25
immédiately b@lcu the aptihecdv-Sepharose column must be
stressed. Thoi <luted enzyme, which 1s sensitive to4hioh
salt, nmust bo guioklv separated from the 3M NHSCN by the
™-25. A 3% solotion of F@@szas used to demonstrate the
initial appearance of the SCN-¥in in fraction 77(M.T. Yang,
rer<sonal communication). Since *h  pure enzyme was present
in Fractionsiu67 to T4, the ~olvre of G-75 did successfnlly
separate CDC from’the higb -alt.

Tmmediately following the elutiogn of the pure enzyme,
0ul samples vere assayed f' m ca~h relevant fraction. The
fractiopns containing oﬁvyme activity in the vicinity of
fractions 67 t» 74 were then pooled agd gliwfr%t was added
to approximately 10% ty volume to ensure stablllfy of the
enzyme ”duting the subsequent freezinq at -U40°C. The eluate

&-,.
could be thawed at a later tinme and concentrated to gmaller

volumes by ultrafiltration as descrited in fhekﬂaxerials“gndmz

(4
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Methods. Dopa decarboxylase purified by the immunoaffinity
technique is shown 4in Fiqure 4 in comparison with DDC
purified by the conventional method.

“‘Maximization of Column Efficiency

The material qrou£inely loaded on the_ IA column was a
crudé larval extract puri fied through the alumina gel step
of the conventional purification procedure. The extent of
purification wusually oktained by this appréach can be seen
ty comparing slots 1 and 3 in Figure 5. Slot 1 shows the
spectrum of proteins 1in an alumina eluate and slot 3 the
purified enzyme eluted from the column. The necessity of
applying ~a partially purified preparation to the IA column
is evident by comparing slots 3 and 4. Slot 4 shows that the
direct application of a «crude extract to the IA column
resulted in several protein species contamipating the
fracrions where pure DDC 1s recovered.

Once the requirement for a preliminary purification to
the alumina step had been established, the efficiency of the
column was paximized for the recovery of DDC activity. The
raximum capacity of the column was ascertained by loading it
with decreasing amounts of alumipa eluate until enzyme
activity was no longer evident in the effluent during the
washf procedure. The elution profiles shown in Figure 6 (see
telow) indicate thét unbound'ehzyme typically appeared in
the wash a£ about fraction 30 and slot 2 of Figure 5 showvs
that several othker untound protein species eluted in this

region. The beund enzyme was eluted 3in  fractioo A8,



Figure 4. Electrophoresis of DDC purified by }he conventional and

immunoaffinity methods

%

a. Approxi@ately 5 ug of enzyme purified by the conventional
nethod were loaded onto an 8.5% non-denaturing gel and
electrophoresed at 1.5 ma/tube for 3.5 hr at 1°C. The
pufity of this preparation was estimated to be at least
08% by microdensitometer scanning. The arrow denotes the

location of the tracking dye.

b. Approximately 5 ug of enzyme from the eluate of the
immunoaffinity column were loaded onto an 8.5% non-
denaturing gel and electrophoresed at 2 ma/tube for 3 hr
at 4°C. A Secondrtube loaded with thé same material was
not stained, but sliced, and each slice assaved for DDC
activity. A single peak of enzyme activity wds detected
whose position corresponded with the single band evident
in the photograph. Microdensitometer scanning indicated
that the purity of this preparation was also at least 985%.

The arrow again denotes the location of thetracking dye.
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Figure 5. The effect of ppg-purifying the load material
on the purity of DDC recovered from the ’
immunoaffinity column . |
Electrophoresis under non-denaturing conditions
was carried out on a 10% polyacrylamide slab gel
run at 12 ma for 5 hr at 4°C..Slotf1 contained 20 ug
of a larval extract partially purified through the
alumina step of the conventionai procedure. Slot 2
was loaded with 10 ug of protein recovered from
fractions 28 to 35 of éhe elution profile shown in
Figure 6a, while slot 3 contained 2 ug of the protein
- in fractions 67 to 74 of this same profile. S?ot 4
;‘fishows 8.5 pug of the protein eluted, in fractions 67 to
74 from a column loaded directly with crude larval
homogenate. The arrow indicates the direction of

migration of the proteins.
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fuccessive 'coluﬁn runs were performed in which 80, 40, 20
and 30ml, respectively, of élumina load'material was passed

3

~’jpyep' theg;;oiumn5.ﬁﬂheq 43Om; of .alumina eiuaté was loaded,.
tarely detectabie amo;nté of enzyme.ac;iQity’;éfe évidén{ aéi
fraction 30 while a large peak was.present at fraction 68.
This was taken as evidence that the column'was,operatigg at
gaximum capacity. |
Under the circumstances déséribéd : ébdve; 1 the
rurification ovaDC to bomogeneit& wWas attained for at least
30 runs over a period of several monthé‘u;th ;ypical éhzyhe
activity recovery ratés of 40 to 50%(sée Table 4 below).
Pecovery‘ fatésvwere found'tO"gradually decline with the age

of the column.
9

Furification of QQQ frog Wild Type and Mutant Strains

The fact that alf putétiv%ﬁDDC §tfucturai gene‘mutants
to be analyzed in this investigation prodhce'CRM—positive
enzyme (Wright et al., 1976b; Clark gg.gi., ié78) meant that
DDC from Loth wild type and mutant strains could be purified
ky immunocaffinity chromatography. Details of the
purifica£ion of each strain are presented in Table 3. A few
of the results in the taktle merig - comment. 1

.Firstly, the enzyme activity levels in the crude
extracts of the various strains reported in Table 3 do not
all closely correspond with those reported in Clark et
gi.(1978). The 'likely explanation underlying these

deviations concerns the difficulty in accurately staging the
Y

large number of organisms collected for these preparations.
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Therefore, tﬁe C;S. organisms used 1in this purification
could well have been closer to mid-third instar than late
third instar, accountiné for their apparently lower than
expected DDC activity relative to Ddcs/Cy0 and Ddce/Cyo.

~secondly, the specific activity of the C.S. enzyme
éufifigd by the IA procédﬁré is approximately 20% higber
than wild type enzyme purified by the conventional ﬁrocedﬁré
reported by Clark et g;.(1978).'.Thi$ is a reasonabie
expectation consideriﬁg vtﬁe faCt that the conventional
procedure involves three separate columns following fhe
alumira preparation, each requiring a day to run, whereas
the IA procedure involﬁes‘only one column requiring about
12hr. Subjectingian enzyme to morevlenqthy and more numerous
column procedures, as 1is necessarj in lthe éonventional
procédure, might well e expected to reduce botp the
specific activity and yield of the purified'enzyme_relative
to the one step procedu:é involving the IA column.

Thirdly, the yiéld for all strains was comparable
except for-Ddc®8,/Cy0 which showéd»about one half the yield of
the other strains. Since the elution profile for Dch)CyO
was not dramatically different from the DdcS/CyO profile,
one may conclﬁde that the ldss of Dch/Cyb éccurred in the
éubsequent ahd» final'stepvof ult;afiltration.'It‘should be
noted that ultrafiltration consistently resulted iﬁ at léast
a 50% loss of yield in all cases.

Figure 6 shows the elution profiles of C.S5., Dch/CyO'

and Ddc®/Cy0. The DdcS/Ddc® npaterial was °treated in a

’
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Figure 6.

Immunoaffinity chromatography of DDC from extracts

of wild type and mutant strains

A cglumn was prepared b? layering 6.2 ml(1.2 x 5.5 cm)

of antibody-Sepharose on top of 77 ml(1.2 x 68 cm) of
Sephadex G-25. The protocol for eluting purified DDC

was as tollows: At least 300 ml of equilibration butfer
(0.01 M sodium phosphate, pH 7.3, containing 1.3 mM
2-mercaptoethanol) was initiaily passed through the

column followed by the application of 27.5 ml of larval
extract which had been pre-purified through the alumina
step. Subsequently, 50 ml of 1 M NaCl in 0.01 M sodium
phosphate, pH 7.3, containing 4mM 2-mercaptoethanol
followed by 120 ml of 10% glycerol in 0.01 M sodium
phosphate, pil 7.3, containing 4 mM 2-mercaptoethanol

were applied. DDC was eluted wiﬁh 40 ml Bf 3 M NHlSCN

in 0.01 M sodium phosphate, pH 7.3, containing 4 mM’
2-mercaptoethanol and 10% glycerol. Fractions of 60

drops each with an average volume of .3.9 ml were collected
from the time that the load material was initially applied.
The flow rate was maintaimned at 30 ml/hr. All operationé

were performed at 4°C.
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sorewhat different manner and therefore is not directly
comparaﬁle. A partial purification of 200g of larvae through
the alumina step typically resulted in 80 to 90ml of eluate.
Instead of applying approximately one third of the alumina
preparation to the IA column, as was done for the other
strains, the entire DdcS/Ddc® alumina preparation was loaded
at once. This was done sinbe Clark et al. (1978) had shown
thét Ddcs/Ddc® had only 15% of the wild type level of CRHN.
Unexpectedly, the column behaved as if overloaded. The DDC
in excess of colﬁmn capa;ity in the first run was reapplied
for a second run. This procedure was continued until, by the
fourth run, no further enzyme activity was evident in the
. , ;

fractions .wﬁere pure DDC 1s usually foupd; These results
suggested that the amount of CRM determined by the
p;ecipitin reaction used by Clark et al..(1978) doqs not
necessarily reflect the CRM bound by the antibody- Sepharose
of the Ia Alumn. Lowry protein determlnatlons and
analytical‘ gels, about to ke described, later Substantiated
the finding that far more CREM was recovered in this
purification of pdcs/Ddce than had initially been
anticipated.

The recovery of DDC activity from the IA column for the
various strains(Table 4) was remarkably similar except in
the case of DdcS/Ddc®. However, this exception is expected
1f 1indeed the <column was ‘initially overloaded, as was

suggested above. All runs shown in the table were performed

cn the same new preparation of antibody-Sepharose.



Tablé 4. Recovery of DDC activity from- immunoaffinity chromatography

STRAIN COLUMN -RUN PROTEIN APPLIED RECOVERY OF DDC ACTIVITY
TO IA COLUMN

(mg) (% of activity loaded)
C.S. -1 25.0 46.7
, 2 12.7 56.6 5
3  26.4 43.8 ¢
Average 49.0
5 .
Ddc , 1 29.4 o 50.3
Cy0 2 30.5 L 3
3 29.4 46.3
Average 45.4
8
Ddc 1 29.5 47.3
CyO 2 30.0 36.9
3 29.5 39.0
Average 41.1
5
Ddc - 1 72.3 19.7
Ddc8 '
] >

Vo
A

3 A

All of the above purification runs were performed using DDC
which had been partially purified through the alumina step of the
conventional purification procedure. This material was subsequently
applied to the immunoaffinity column. The same preparation of
ant ibody-Sepharose was used in all runs presented here. !
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C. Apalysis of Putatigg DDC Structural Gene Hutants‘

Peptide HapEing |

The potential for purifying mutant enzyme Lty the IA
column led to attempts TO detect pﬁysical differences amoné
the geﬁe products of the putative DDC structural gene mutant
strains being studig%. One approach to thié problem was
two-dimensional peptide ‘mapping described by Bates et
al. (1975).

| Briefly, the protécol, ‘wpich is' described 1in the

Materials and Methods, included anfolding the native

<

étruc;ure _bf the protein to facilitate the digestion into
tryptic- and chymotryptic pegtides. The digest 'was then
electrophoresed in omne dimension and chromatographed in a
second dimemnsion. Although the peptide map obtained by the
authors for rabbit muscle aldolase was réproduced
satisfactgrily(Figure 7) ,attempts 'to produce a well
resolved map fdr wild tyrpe DDC were unsuccessful.
The major obstacle encountered was that the %A column
was capable of producing only 100ug of pure DDC per rué.
. Since a peptide map required 50ug, the purificatiqn of
cufficient wild type enzyme for cefining the technigque as
well as the purificatidn éf mutant enzyme for analysis was
considered .impractical. The method was therefore set aside

@

gntil the time that 1it might be repeated using radiolabelled

enzyme. ¢ :

]
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Two-dimensional peptide map of ral .ﬁgscle aldolase
R RS \‘twi
;.-r{-%lp“

A tryptlc and chymotrvpt1c digest of r;B%it muscle
aldolase was prepared as described in the Materlals >
and Methods. A 50 pg sample was appllgd to the cellu%
lose thin layer chromatography support showm.,in the
photogfaph and §ub$equent1y electrophoresed at 500 V
for 20 min at 4°C as indicated by the hoiizoptalh
arrows. Following drying, the digest Qas dhromatd—
graphed in the direction of the vertical arrow. '
Visualization of the resulting-peptides was accomp-

lished by a ninhydrin—cadmiuﬁ stain.



Flectrophoretic Analysis of DDC from Wild Type and Mutant

¢

The IA-purified 'bnc from C.S., DAcS/Cy®, Dch/Cyo and
[dcS/bdc® was analyzed ofi three kinds.of polyacrflamide slab
gels 1n an attempt to dé;ect electrcphoretic variation am?ng
LDC samples from the putative structural.qene nutants. The
gel run under non-denaturing conditions compared the
relative mobility of the native enzymé frqg -the four
strains, while the SDS gel demonstrated the migration of
€enzyme subunits on the basis of molecular weight only.
Finally, the urea gel separated variants according to both
the molecular weight and net charge of strhcturally unfolded
enzyme subunits.

Figqure 8 presents 'the result of electrophoresis of
native DDC from the wild type and three mutant stfains under
non-denaturing conditions., With the exception of DdcS/Ddc®
in slot .2, whinbh indicated a poorly resolved slowv species
relative fg the sharp maijor banpd, all strains showed a

pronovnced single band with A comwon relative mohility.

Thus, +this electrophnretic technique did not detect Aany

differences which might' exist Dbetween the two types of
€nzvyme ‘rostulated to ha present iD these mutant
heterozygotes(Fiqurs 1)

The SDS gel ir Fignre 9 indicated that the polypeptides
produced by both wutant and wild type wenes have similar
molecular weights. Several additional proteinr species of

rolecular weights less than DDC were evidept that 4id not



Figure 8.
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Electrophoretic analysis of purified DDC from wild
type and mutant strains on non-denaturing gels

A 10% polyacrylamide slab gel was prepared and_rdn
according to the protocol outlined in the Matérials
and Methods. Slots 1 to 5 containedrIA—purified DD
erom C.5., ndc¥ndc®, pdcB/cyo, pdeS/Cyo, and C.S..
respectively. Approximately 3 ug of protein was

loaded in each slot. The arrow indicates the direction

of migration of the proteins.
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Figure 9.
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Electrophoretic analysis of purified DDC from wild .type

and mutant strains in the presence of SDS

A 10% SDS slab gel was prepared as described in the
Materials an# Methods and run at 90 V for 3.5 hr at room
temperature,. Slots 1 and 7 contained 15 ug of Dalton
Mark VI molecular wéight standards (Sigma Chemical Co.)
and the corresponding molecular weights (x 10_3),are
indicated in the left margin. Slots 2 to 6 contained
IA-purified DDC from C.S., Ddc®/Cy0, Ddc®/Cy0, Ddc”/Ddc®
and C.S., respectively. These samples were from the same
preparations run on the gel in Figure 8. Approximately

3 ug of protein was loaded in each slot. The vertical
arrow indicates the direction of migration of the proteins
while the horizontal arrow marks the position of bromo-

phenol blue which was used as a tracking dye. -

Al
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appear iﬁ the non-denaturing gel in Figure 8. The presence
of the'se smaller molecular weight fragments might be
attributed to degradation of the enzyme. Unfortunately, all
of the sanples were stored for several\weeks at 4°C prior to
these gel runs. Apparently the strand scissions which are
postulated to have /oc;urred only became evident 'upon
denaturation in SDS. | . .

A urea gel was developed éo reveal eleqﬁrophoretic
differenées that might exist bétween tge denatured mutant
and wild type rolypeptides. Since the iséelectric point of
néti&e DDCr has leen reported to be #4.9(Clark et al.,1978),
urea gels at pH 8.0 were rﬁn initially using the protocol of
Perrie and Perry(1970). W®While ovalbumin and yeast ADH
standards migrated into the gel, DDC appeared to precipitate
on the wéll surface. That is, at pH 8.0 and electrophoresis
towards the anode, the enzyme did not migrate in either
direction. Such a result suggested that the unfolded DDC
subqnit had an  isoelectric poinf close to pH 8.0 and
therefore a buffér system of lower pH was used. Attempts to
adapﬁ a procedure described »by Creighton(1979) using a
Tris—-acetate buffer system at pH\u.O resulted in poor'band
resolution. Ultimately, the method outlineé by Panyim and
Chalkley (1969) produced‘ the nost acceptable‘resolution of
the enzyme in the gel. W¥igration occurred towards - the
cathode, but at a raté which suggested Ehe total pet charge
cn the sutunits was small.

|
The urea gel resulting from electrophoresing wild type
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and mutant enzyme wiph the sanmple loading conditions as
described by Panyim‘ and Chalkley (1969) was
complicated (Figure 10a). The results ha#e been interpreted
according to the hypothesis of Clark et al. (1978) (also see
Figure 1). Slots 1 and 5 indicated that in the wild type .one
rronounced Dband H;S resolved (F). ihis is assumed to b€ the
wild type subunit. In slot 2, in which [DC from DdcsS/Cy0 was
run, band F was apparent, but the most pronounced band was a
slower migrating species(S) which is assumed to‘be the DdcS
subunit. Neither S nor F was resolved in Ddc8/CyO(slot 3).
fn the DdcS/Ddc® preparation(slot 84), band S was present tkut
F was missing. It seemned as though thechic8 species had
migrated to the same position as DdcS or, alternatively, had
Frecipitated on the well surface.

In an attempt to distinguish between these alternatives
DdCS)CyO and DdcS/Ddc®, were run on a second gel. With the
notior that the precipitate on the well shrface was due to
the low pH 1in~ thé sample (pH léés than 3), the sample
freparation of Panyim and Chalkley(1969) was abandoned in
favour of one with a higher pH(4.1) which included
dissolution of solid urea to a final £oncentration of 8M
into the enzyme preparation with the subsequent addition of
acetic acid to a finmal concentration of 5%(v/v;. This gel 1is
shown in Figure 10b. The precipitate at the well surface was
much reduced. Further, the additional bands common to all
slots 1in Figure 10a uere_gzgent suggesting theée were also

caused by the exposure of the sample to a low pH during

-~



Figure 10.

a.

Electfophoretic analysis of purified DDC from wild type€

and mutant strains in the presence of urea

All gels -showfgsin these photographs were 8 M urea . . . =
polyacrvlamide slabs: prepared as described in the

Materials and Methodé. Approximately 9 ug of -purified

DDC was loaded in each slot. The vertical ar;ow indicates

the direction of migration of the proteins. Two prominent
bands, which are common throﬁghout the photographs, are
indicated as slow(S) and fast(F) species. These are

discussed at length in the text.

The sample loading procedure of Panyim and Chalkley(1969)
was used in this gel(15% sucrose and 5% acetic acid) which
resulted in a pH of less than 3. Slots 1 to S contéineéj
purified DDC from C.S., Ddc”/Cy0, DdcS/Cy0, Ddc®/Ddc® and
C.S., respectively. The interpretation of this ggl -

suggested that this loading procedure was excessively harsh.

The sample load was modified in this gel from that in (a)
to include 8 M urea and 5% acetic acid bringing the pH of
the loading buffer to 4.1. Slots 1 and 2 were loaded with
DDC from Dch/CyO and Dch/Ddc8 respectively. tMaterial from

2

C.S. was not available for this run.

The sample loading conditions in this gel were“ﬁbe same

as in (b). However, in this run, slot 1 contained\DBforom
C.S. and slot 2 was loaded with DDC from DdCS/DdC8. Oniy\
band F is evident in C.S. while Dch/Ddc8 shows indicatioﬁs
of both S and F species(as in gel b), although these are L

not well resolved.
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loading. The DdcS/Cy0 sample(slot1} showed the sanme banding
pa;tern as in slot 2 of Fiqure 10a while DdcS/Ddc® appea;ed
to be identical to DdcS,/Cy0O. In a third gel(Figure 10c) the
wild type enzyre was loaded under tﬁk higher pH conditions
and was resolved, as before, into fhé band designated F. On
the same gel, enzyme from DdcS/Ddc® was again ruan and,
although poorly resolved, indicated two bands just as it had

shown in Figqure 10b.

kepeated attempts were made to resolve the subunits

- IS
-

from the Ddc®/Cy0 strain on urea gels without success. The
primary difficulty was the inability to obtain sufficiently

concentrated material.

' (}g Vivo Labelling of Proteins in Larvae
- The -difficulties in performing analyses on the small
amounts. of pure DDC obtained by either of the procedures
used in this thesis have been mentioned. For this reason, an
attempt was mdde to obtain radiolabelled DDC.

| As outlined ain the Materials and Methods, 1larval
proteins were radioactiveiy labelled by feeding a'prescribed
volume of an aqueous solution containing radioactive amino
acids tgi{hi;d instar larvaé. ynder these conditions, Figure
j1a ~ indicates that t he maximum incorporation of
radioactivity had occurred by about 10hf, at which time a
crude e{tract was prepared. Also shown in this graph is that
the amount of radioactivity ;ncorporated into larval

Froteins is directly proportional to the amount of

radioactivity available +to the larvae in the amino acid



Figure 11.

R e

In vivo labelling of proteins in third instar larvae

t

<

Tife course of incorporation of radiodctive labeds

into proteins ° A 4
Thirdw}nstar larvae(35 to 40 larvae/50 mg) were fed variable
amounts of a 14C—labelled amino acid mixture, details of
which are given in the Materials and Methods. At 5, 10 and

15 hr following the initiation of feeding, a crude extract
was prepared and the amount of ;4C that had been incorporated

was determined by aliquots which had been TCA-precipitated.

A

Flectrophoretic analysis of the labelled proteins

= :
A 10% SDS gel was prepared as described in the Materials
and Methods and run at 90 V for 3.5 hr at room temperature.
Following destaining, the gel was Fluorograpﬁed(see Materials
and Methods) with an 8 day exposure. Samples of 10 ul from
extracts of larvae fed a total of 1.65 x 106 dpm Fof\S, 10

and 15 hr were run in slots 1, 4 and 7, respectively.

J )

Similarly, extracts from larvae fed a total of 3.30 x 106

dpm for 5, 10 and 15 hr were run in slots 2, 5 and 8,
respectively. Finally, extracts from larvae fed a total of
8.25 x 106 dpm for 5, 10 and 15 hr were run in slofs 3,

& and 9, respectively. These samples correspond ro the

time points in the graph above.

b

37es
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mixture. The flyocrograph in Fiéure 11b indicates tha£ a.wide
variety of proteins, including several of molecular weights
comparable to [£DC, had incorporated radioactively labelled
amino ﬁgcids{ Conclusive evidence demonstrating that DDC ués
among those 1labelled “proteins synthesized - during this

rrocedure has now been oktained (Kraminsky, 1979).

-G
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S IV. DISCUSSION

A. Genetic Implications of the Homodimeric Structure of DDC
{

‘Tke electrophoresis of DDC under non-denaturing
conditions yielded a r ‘lecular weight of 102,200 while the
molecular wé&ght by sucrose gradient sedimentation was
112,600. These results, 1in coﬁjunction with the finding that
when DLOC is electrophoresed in the presencé of SDS a single
tand is evident corresponding to a mplecular weight of
£4,000, suggest that this enzyme in Drosophila 1is a
homodimer. Additionally, DDC from the wild type demonstrated
a single prominent kand when électrophoresed in the presence
of 8M urea. Thus, even when the migration of the subunits of
the enzyme is dependent upcn both size and charge, only ohe
subunit speéies is evident.

The finding that DDC from Drosophila is a homodimer has
immediate implications concerning the genetic system for
this enzyme. Wright et al.(1976b) hypothesized that the
1(2)pdc*+ gene might code for a catalytic subunit of the
enzyme, while the 1l(2)awmd* gene might code for a subunit
taving an allosteric site inVol#ed in the regulation of the
enzyme. The results reported in this thesis méfe this

typothesis unlikely. &Inv fact, the biochemical and genetic

data available atf?%his time fail to indicate any direct

functional relatL;hship between the 1(2)Ddc and 1(2)amd
genes. Clark et al. (1978) proposed that these genés might be

the result of ap ancient duplication event with the function

1] 53
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of. their gene fproducts diverging with time._They suggested
that a rpossible func;ion for the 1l (2)amd gene éroduct is the
decarboxylation of 5-hydroxy-tryptophan.

The re%ult indicating a homodimeric stracture for oDC
from Qggggﬁg;;g contrasts' to the finding‘of Fragoulis and
Sekerisy{1975c) whose results on SDS gels indicated that the
enzyne from Calliphora is a heterodimer. In view of the fact
that .tkeir purification .procedure was virﬁually identical to
the conventional procedure used .here, one must guestion
their results, It was only after a careful pooling of the
fractions from the final chromatography step éf the
convgﬁtiohal purification that we managed toveliminate the
contaminating species which had given rise to our erro;eous
observation (cited by Wright et g;.,iQTéElJthat tﬁo suhunits
haé Leen resolved on SDS gels. Further_éoubt about their

earlier observation 1is raised by a later;report(FragouliS'

and Sekeris, 1975b) that only a simgle species was evident
) > )

J.’ﬂ},%‘” Lo >
as a result of electrophoresi¥® j$ the presence of SDS
Ko ‘ . . }
following .the «cell-free transldtiop of RNA from late third
instar larvae which had been vimmunoprecipitated with

-7

antibody raised against DDC.

B. Apnalysis of Putative DDC Structural Gene Mutants

The analysis of the putative EDC structural' gene
mutants -isolated bj Wright et al. (1976b) was undertaken
usihg the complement%ng alleles, DdcS aqdlggge. Since the

Cross of DAcS/Cy0 x - Ddc®8/Cy0 did yield " viakle flies
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possessing heterczygoeity for‘the'mﬁtant dlleles et the Ddc
locus, it was anticipated that these etructural gene mutants
did not involve.‘géoss changesA in the structure of the
enzymne. Instedd, a more likely situation was that one or
rore amino acid substltutlons had occurred, some of which
might produce electrophoretlc variation relatlve to the wild
type.: Consequently, electrophoretic variation among these
strains (C.S. , ddcs/Cyo, Ddce/CyQ, and ' DdcS/pdc®) was not
expected following migration under denafufing conditions in
the presence  of SDS and none was :found(Figure 9).
Unfortunately, electrophoresis of ' the native enzyme also
failed to demonstrate €lectrophoretic §ariatiqn(Figure;8).
It was then felt that electrophoresis in.thegpresence of 8H
utea‘might distinguish between mutant and wild type subunits
since this technihue dénatﬁres fhe enzyme and then unfolde
the subunits, efposing internal charge -differences that
might have been masked under the conditlons of 'Figure 9.

The electrophore51s of DbDC from the wild type and
nutant strains in the presence of 8M urea was 1nterpreted in
the Results according to the hypothesis of cClark et
al.(1978). This interpretation suggested that the Ddcs

allele produces a subunit whlch is an electrophoretic

variant ;relatiVe to the wild type, but that the subunlt

‘rroduCed by the Ddc® allele is not.a variamt. It is evident

N

from figure 10 (a and C) that the wild type subunit migrated

slowly wunder the running conditions indicating ‘that its net

charge is probabdy small. Consequently, it is not surprising
3 A

.
v
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that a single charge alteration might cause the substantial

difference 1in migration Letween the two fypes of subwunits
%

that was observed.

Due to the technical difficulties 1in obtaining
sufficient material for analysis, a number of techniques
have been developed which should provide better data upon
which to. decide wvhether or not Ddc¢S produces an al;gted
subunit which i1s detectalle by electrophoresis.

The ahility to obtain radiolabelled DDC by the ip vivo
method should ~ircumvent the problem"of insufficient
quantities of enzyme for electrophoretic analysis on 8M urea
gels.. The labelled enzyme <can be purified from crude
extracts in one of two. ways. Two successive passages of the
labelled c¢rude extract over the I4 column, as will be
" described in nmore detail in the text to follow, Shohld
generate purified, lahelled »DC. alternatively, labelled DoC

which is «complexed with antibody against DDC may be

precipitared by Staphylococcus aureus cells which are known
to  have an affinity for 1gG molecules(see Goding,1978 for
;¢Viév). The DDC 1s dissociated from 1its antibody by
treating vith S DS or aM urea. Hodgetts(personal
c%@punication) has demonstrated that the latter technique
résults in a single band frowm each of the putative DDC
structural gene mutants migrating to a common position
following electrophaoresis 1in the presence of SDS. The

results using this technique to ampalyze the strains of

interest in the presence of 84 urea are pending.
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Thus, the in vivo labelling of larval proteins and the
development of an electrophoretic method for analyzing the
enzyme in the presence of .8M urea are techniques which
should facilitate the screening of a number of 1(2)Ddc
rutants for evidence of electrophoretic variation in a
putant subunit. In addition*zg providiﬁg convincing evidence

that the DDC-deficient mutants 1isolated by Hright et

K
.

al, (1S7¢€kbL) are structural gene mutants, the demonstration
that .one of these stocks possesses anm.electrophoretic
variant would Lte of Lenefit in establishing that the DDC
overproducers and underproducers(Estelle and Hodgetts, 1979)
are the result of mutations in a cis-acting regulatory site

adjacent to the structural gene, analogous to the situation

described for the rosy locus(Chovnick et.al.,1976).

C. The Potential of the Imlunoaffinitf Column

The JIA column wused in this study was efﬁective in
purifying CRM-positive enzyme from rpmutant and wild type
strairs. However, difficulties were continuously encountered
in the amnalysis due to the limited quantities of enzyme
which could be purified. It is obvious that future studies
of this enzyne will be greatly facilitéted by é substantial
ingrease in the scale of the IA column used here.

The major restrictions in the capacity of an IA column
to be prepared for enzyme purification rest with the quality
and quantity of aptibody available. With the large amount of

antibody now available, it 1is possible to prepare an Ia
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column withv a large capacity fér producing highly purified
DDC. Fuqiher, the‘quificgtion of‘é sufficient quaﬁtity of
£DC by the <column would enéble the preparation of a
[DC-Sepharose colurn to purify, from crude IgG, antibody
directed against DDC. The availability , of sufficient
)quantities of highly purified antibody would then permit an
antibody-Sepharose <column to be prepared capable of even
larger scale purificationé.

Although the- immunoaffinity chfomatography technique
was p. formed in this study on pFe—purified mater}al for
reasons dscribed in the Results, it is practicel to purify
L[DC o a small scale ty successive passages of a crude
extract over two 1A columns. This method is currently being
used in an attempt to purify labelled enzyme from the crude
pixture of in vivo latelled proteins which will permit a
radicimmune assay to be developed to detect CR&(H. Estelle,
personal communication).

Finally, the IA <column prepared from antibody raised
against Drosophila DDC might provide a useful tool to
compare, the similarity Lbetween DDC from 2£g§oghila and from
Calliphora. If the IA column retained the g%;;iphora enzyme,
the subunit structure of fbis enzyme could ﬁe analyzed
electrophoretically on SDS gels to resolve the ambiguity
which exists concerning its structure. -

The study undertaken in this fthesis stresses the
requirement for constant interplay between denetical

~

analysis and biochemical analysis that is essential in the



?

. 59

investigation of questions in molecular biology. Hopefully,
the results presented herein will contributef to additiomnal

insight into the requlation of gene expression in higher

cukaryotes. //”\\(N\

.

v
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APPENDIX

Preparation of Polvacrylamide Gels

1. NON-DENATURING SLAB GELS

Stock Solutions:

>

Stock A i Stock D

1 N HCL 48 ml acrylamide 10:0 g
titrate with Tris base to pH 7.9 BIS 2.5 ¢
TEMED 0.46 ml . water to 100 ml

water to 100 ml

Stock B Stock E
0.48 M imidazole-HC1, pH 5.7 riboflavin 4 mg

water to*100 ml

Stock C Stock F
acrvlamide 530 ¢ sucrose .40 g
BIS lg bater to 100 ml

water to 100 ml

-

Preparation of Bottom(Separating) Gel:

%gel water (ml) .Stock C (ml) Stock A (ml)
8.5 2.2 6.8 3.6
10.0 1.0 8.0 3.0
10.5 0.6 8.4 3.0

Dilute this 12 ml of solution with an equal volume of 0.14%
ammonium persulfate freshly prepared (28 mg/20 ml water).
Pour the gel immediately.

Polymerization should occur withﬁn 30 to 45 min.
! )3
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1. NON-DENATURING SLAB GELS continued

Preparation of Top(Stacking) Gel(2.5%):
1 ml Stock B
2 ml Stock D
1 ml Stock E

2 ml Stock F

2 ml water
4.5 ul TEMED
Pour and polymerize for 45 to 60 min at a distance of 6 in
from a light box.
. The gel is not pre-run.
Samples are loaded in 10% glycerol.
The reservoir buffer is 0.034 M asparagine neutralized
to pH 7.3 with Tris b?se. ‘
The gel is run at 12 ma fo; 5 hr at 4°C toward the anode with

reservoir buffer changes every 1.5 hr">

2. DENATURING SDS SLAB GELS

4
Stock Solutions:

Lower gel stock

1.5 M Tris-HC1, 0.4% SDS, pH 8.8

Upper gel stock
0.5 M Tris-HC1, 0.4% SDS, pH 6.8

30% acrylamide stock

acrylamide 30 g
BIS lg
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DENATURING SDS SLAB GELS continued

Preparation of the Gel:

Stock 10% Lower Gel (ml) 4.5% Upper Gel (ml)
Lower gel 6.0 ---
' .
Upper gel ~-- 1.9
30% acrylamide 8.0 1.1
water 10.0 ' o 4.5
10% ammonium persulfate 0.12 - 0.023
TEMED , 0.011 0.008

Gels polymerize within 45 min at room temperature.

Samples are diluted 1:1 with reducing buffer(30 ml of 10% SDS in’

water; 12.5 ml of’upper gel stock; 5 ml of 2—mercapfoethanol; and

10 ml of glycerol) and are boiléd for. S min prior to loading.

One litre of reservoir buffer consists of 3 g of Tris base; 14.4 ¢
of glyéine, and 1 g of SDS which are_ dissolved in water. '

The final pH of the reservoir buffer should be 8.1.

DENATURING 8 M UREA GELS

¢

Mix the following ingredients in the order listed:

10 M urea e« 24.0 ml
water | 0.8 ml
glacial acetic acid 1.5 ml
acrylamide 3.0 g i
BIS 20.0 mg
‘ TEMED 100.0 ul

The solution is polymerized with the addi£§on~of 1 ml(16 mg/ml)
of ammonium pé;sulfate. _ \

Allow 2 hr for polymerization. ' \\ ‘

The gel is pre-run at 150 V until the current remains constant,
usually 2 to 4 hr. ‘ ‘ A
Samples are loaded in 8 M urea containing 5% écgtic acid.

The gel is run at 150 V for 1? hr at 4°C towardg'the cathode.

~



Ninhydrin-Cadmium Stain

Stock Solutions:

Stock A,

1% ninhydrin in acetone(20g/21)

Stock B

water ] 500 ml
acetic acid 250 ml
cadmium acetate 5¢g

The stain 1s prepared’ just prior to use by mixing 100 ml of

Stock A with 15 ml of Stock B.

”
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