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. . . A) .
" ABSTRACT .
1 - . . K

In thls the51s, the blochemlcal and blologlcal propertles ' 7

ot dopanlne acetyl transferase (DAT) in rosoghlla -
' : N

melanogacter are descrlbed.

= A sen51t1ve spectrophotonetrlc assay for the gnagme
‘has been developed. ‘The blochenlcal characterlzatlon of
IDAT has been 1n1t1ated 1nclud1nd‘opt1num pH and
temperature,‘stablllty, Km, cofactor and lon'
(regulreuents..h pattlally purlfled enzyne preuaratlon has
been obtalned by ammoniun. sulfate ﬁractlonatlon and gel o
_flltratlon on Sephadex G-200. The molecular uelght of the

':partlally purlfled enzyne was estlnated to be 28, 000 and

?lconflrned by sucrose den51ty gradlent studles. In an

u .

”attempt to ellmlnate the loss of enzyne activ1ty whlch ' Jl.‘ -

"occurs durlng the purlflcatlon procedure, afflnlty o
"chronatography uas developed as an alternatlve. DAT peak
\'act1v1ty uas found to occur atxpuparlation and ec1051on,

ei'the enzyme 1s located, apparently, 1n the oenocytes. Kl.f

'T

genetlc 1nvestlgat10n of DAT, 1nclud1ng act1v1ty of theif'

| *enzyme 1n varlous uutants And an attenpted locallzation

,.., 3 . oo

';fof the structural gene for DAT, 1s also descrlbed

NV
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'Efrom a cqmp*gx organisn 1s 1dent1ca1 to the genetlc

:'a'current stud1es on antlbody forlatlon, yhlch indﬁcate

Y o © CHAPTER 1

L /S“’
L »;gggonuczrgg /.

v . . - ] [ i : T ] - .
’ : ' ‘» ' : ’ - . ) L. : \k u.
' "pifferentiation is the outward "-and

.visible ”%ign of'selecti#e gene activity,

-

the reflectlon of a change'ln the cell's
blochenlcal repertorre aA[aKCOnseguence
—r : of the release of 1nfotmat10n encoded ;inf .

‘one dlmen51onal seguences." (Allen,1965)

. v
4. . -

‘ Correlatlons betueen the appearance of specxflc

protelns and cellular dlfferentlatlon have been reported

. in sener;i rnstancec ranglng fron bacterlal sporulation dt
4(Brady,1973) and "stalk forlation" in slile nolds f:-t{
(Flrtel,1973) to antlbody fornatlon (Hood 1970). | -

e S1nce 1t 1s now accepted that the genetlc
1 . ’
Lnformatxon conta1ned ln the nucleus of a SLngle cell S
¢ .

B

",lnfornatiOQ found in every sonatlc cell Hithln the sane
';forganlsl (Gurdon 1962. ucCarthy and Hoyer,196“) (although
,sonatlc mutatlon nay be an 1nportant feature of “fifﬁ';p

_fgeneratlng d1vers1ty (Hood 1970);,uay affect the/ ~fp




) e

'generalltj of this statement somewhat), selectlve gene
\ ) !
act1v1ty must be 1nyoked to explaln the facts that nost

of the genome in hlgher cell types seems 1nact1ve

.(Bonner, 1968) and,that various- RNA spec1es are : ‘v

synthe51zed in dlfferent cell type (ucCarthy and ﬁoyer,
S\ e

3.A1964). R 4} 3 S I

. . .
- -~ o, . LR : K . .
. ’ . &

i}

= -

‘-

gene actavatlon, hornones certalnly seen to he anong the

most 1nportant. Dlscu551ons of hornone actlon usually

¢ .
-

focus dn whether regulatlon is. occurrlng at the.
transcrlptlonal level 1n the nucleus or at the .

‘translatlonal 1evel in the cytoplasn. In prokaryotes, 1t

/

-'has been prggosed that regulatlon of gene functlon is,

A //

dependent on the control of the !RNA speclfled by thét

gene (Jacob and uonod, 1961;, and the utlllzatlon of
.lactose 1n E& l 1s the class1c exanple of such a‘
ttanscrlptlonal control mechan;sm (Beckulth - The Lactose

0 eron; 1970) f- l-_.~,* e
The success of the Ja:%b apd uonod nodel in

'Texplalnlng gene regulatxon in othgf prokaryotlc systens,

most notably the lanbda bacterlophage (in "The

Bacterlophage Lanhda“l A.D.Hershey ed. 1971), led nany to'

,postulate transcr1pt10nal controls were functloning in

vae
X
.4

S

of the exttacellular agents whlch trlgger select1ve_~

~
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{

higher-organisns (0hno, 1973). However, experiments'with
mammalian tissues exposed to hormones 1n v1tro suggest
\hat en &ne synthe51s in h;gher organlsns cannot be
controlled exclu51vely at the transcrlptlonal level
(Tomkins et al., 1966) A model has been proposed by
‘}onklns (1969) 1in thch hormones might regulate a
‘repressor uhlcg both‘lnhlbits messenger translation and
promotes messenger degradation“ Durlng'the*"lnduciblet<
phase of ‘the cell cjcle, the presence of the-horloneA(the‘
A"lnducer"), causes the gene for tyrosine allnotransferase
"to be contlnuously transcrlbed 1nto mBNA, uhlch is then'
translated 1nto the priteln. A repressor is ;lso produceg
by the regulatory gene but its action is 1nﬁ1b1ted b the\
inducer. Hhen no inducer 1s present, it is postulated 4 R
that thékrepreSSQr comblnes with the nessenger,_
preVentlng its. translatlon 1nto proteln, and pronotlng

the degradat1on of that sane messenger. Durlng the non-
1nduc1ble phase of the cell cyole, the sranscrlptlon of

both the structural and regulatosy gene is repressed

:1ndependent of the 1nducer, but since the repressor 1s
absent, the transla%ion oi the still present nR’A
‘ contlnues.,uuch ev1dence in support of thls nodel
been presented (see Tonklns, 1972 for references)ly t a-
controversy exlsts at present (Kenney et al.,1973).w

Hlthout going 1nto thls ‘ 1t is sufflclent to say that f:



-t

. : :
even 1% -the case of 1ndu01ble tyrosite amlnotransferase,

¢

which was 'singled out since 1t is the best characterized

eukaryotlc cystem, the absence of‘genetlc methodology is

a major stusbling block to further progress on the
mechanism of horaone action.

by

A few studles on horlone action .in a genetically «

well deflned organlsn have been reported (Frlstrom et

al., 1969; chi et al., 1972; uandaron,

'1930,1971,19 2) bu more conplgte 1nvestlgat10ns in an _

organiel like D& sophll would be- de51rable. {

, many of the morphologlcal changes

which occur durlng letanorph051s are under hornonal

In the ins

control (Doane, 1973 Wyatt, 1972). As denonstrated by :
‘_varlous experlmenters beglhnlng Hlth Praenkel in 1935 and
later by Karlson and Sekerls (1964), sclerotizatlon (the
hardenlng and darkeﬁin; of the cutlcle) of the posterlor
part of a C all Qg a larva is prevented by llgatlon 1f
performed prlor to puparlatlon. Purthernore, . ' 4
‘sclerotlzatlcn could be 1nduced in the llgated portlon =
"followlng the inJectlon of . ecdysone, the uoltlng hOrnone.Ap
:Hovever, ecdysone 1s ng; the only hornone that controls

sclerotlzatlon. Bursrcon has been proven to be thel

hornoue respon51ble for cutzcle laturatlon in neuly



emerged blow flies and.dn various'species of newly molted
nymphs (Fraenkel and Hsiao, 1962, 1965; Cottrell,,1962y;

'Furthermore enother hormone, a puparlatlon hornone,p
_“‘ﬂ,\

dlstlnct fron ecdysone ‘and bursicon, that affects the

tanning process, has been proposed (Zdarek and Fraenkel,

'“1969). Hence, it appears that sclerotlzatlon is not a

- simple process. However, as 1t has been relatlvely well

. defined blochemxcally.(xarlsog and{Sekeris, 196“, 1966a HE
Hopkins et al., 1971; Andersen, 1970; Bodnaryk, | 1970.»_. |
1971), thlS system appea:s to be- 1deal for studylng thH\ )2///;
_actlon of horuones in Drosophlla,‘and a 51np11f1ed ’

descrlptlon of the blochemlcals events responsible for

sclerotlzatlon Hlll be glven..

Through ox1dat10n, decarhoxylatlon and acetylatlon,
tyr051ne is converted to N-acetyl dopamlne in, the thlrd
instar 1arva of Call ora (flg. 1). Hlth perhaps ulnor

modlflcatlons, this pathway is the same in _gosop_;

‘melanogaster (thgetts and Konopkag 1973)._H-acetyl
o dopanlne, the precursor of o*gulnone, the natural tannlng

: gent, goes 1nto the cuthcle vhere 1t 1s oxldlzed

_(Karlson et al., 1962' Sekerls ‘and Karlson, 1962 196“),-'»h;-
and - hardening 1s achleved by the 1nteract10n of cutlcular
prote1ns Hlth tyr051ne derxved o-gulnones. A netuork of

vaOtGlns and ch1t1n is produced hy the crossllnklng of

3




hora.

Fig. 1.  The sclerotization pathway in cCalll

-Nqu NH,

’ » . . . - )
- -CH,~CH~COOH . . HO< ~CH,-CH-COOH

HO’ HO” dopa

Hydroxylase
tyrosine

s

Dopa‘
decarboxylase

L

o ‘ |

| ' NH-C - -CH,-NH
“HOJ _ ~CH,~CH,;~NH-C-CH, HO( AH,-CHy~NH,
HO” O o DAT HOQT -

o Neacetyt o o .. dopaming .

. . dopamine P

N«acetyl dopamlne is transformed 1nto benzo-gulnones

that are 1nccrporated 1nto the cutlcle._l



: o o | _ ; | o, _
peptide chains, involving probably-so e chitin noiecules

.(Brunet; 1965; Hackman and'Goldberg,-1967).'0n the other

hand, aS'denonstrated recently in'our laboratory,_beta-
aldnine also appears to be neceSSary in cOnjunction~uith

o-gulnones for norlal (Ulld type appearance) tannlng 1n

adults, beta-alanlne 1s postulated to 1nteract with
1ndole gulnones resultlng fronm oxidatlon of. dopanlne
present prlor to ec1031on, and thereby prevent the .
melanlzatlon of those gulnone nolecules. Beta-alanlne

belng absent 1n the nutant black causes a dark phenotype

due to excesslhe nelanlzatlon. B SRR 3

-

N -

The questlon has been asked whethdt hardenlng and

darkenlng of the cutlcle are two 1ndependent processes or‘ o

Ty

whether they are the results of the same chenlcal actlon.ff'
Ev1dence has teen glven that two lechanlsns, one givlng a‘
colorless cutlcle and the other a dark brown cutlcle, _4"

ex1st 1n 1ncect cutlcle, and that both nechanlsns can be

actlve slnultaneously and can. utlllze the same’ substrate,fa7
: N-acetyl dopanlne (Andersen and Barrett, 1971} Tuo £y

dszerent enzynes appear to be responSlble v one for the D

fornatlon of the colorless cutlcle and the othet for the B

*d darkgcutlcle. Houever, the poss;bllltx that‘both enzyne

o act1v1t1es re51de 1n a sale and unlgue enzynq cannot be-igf“,;'



disregarded and this_has not been resolyed yet  (Andersen,
1974) . | \ T N |

‘The. enzynes in the pathway leadlng to N-acetyl

.'dopanlne from- tyr051ne 1ncﬂease 1n act1v1ty durlng the

| perlod correspondlng to or just preceedlng puparlum

fo{natlon. Furthernore, dopa decarhoxylase act1v1ty has
been correlated to the 1ncreased tlter of ecdysone,

characterlstlc of thlS perlod (Shaaya and Sekerls, 1965

‘fKarlson and Ammon, 1963) and a_ dlrect proof that ecdysone
| 1s respon51b1e for the appearance of dopa decarboxylase .

f'has been obtalned by 1nject10n of ecdysone 1nto llgated

anlmals and by 1n vit go experlnents (Chen and Hodgetts,

";' 1974) Slnce 1nh1b1tors of proteln and RNA synthesxs

-prevented the appearance of dopa decarboxylase act1v1ty

'-1n these studles, it appears that both proteln and RNA -

synthe51s ate 1nportant aspects of the hornonalflnductlon n-

it Ll e

of the enzyme.

L

Because of the 1nterest in. the regulatlon of dopa s

B decarboxylase,.ue set out 1n thls study to ga{n_cf;:;‘;

'1nformat10n on- DAT (dopanlne acetyl transferase), the

-

Lo

_enzyne uhlch follows dopa decarboxylase 1n the
;Zsclerotlzatlou pathway. Thls enzyne has not been studled

“1n detall 1n any 1nsect and Ve felt a conparlson Of its

i

/.



“‘\

propertles to those of dopa decarboxylase wbuld be

useful. We chcose Drosophlla melanoggster for these

jstudles sxnce our 1ong tern goal is to eluc1date the

genetlc mechanlsms uhlch underlle the regulatlon of t e

act1v1tles of enzymes.:-n

In this theSIS, we shall describe 1n detall a new .

»J. :

'assay for the enzyme dopamlne acetyl transferase and -} .
certaln of 1t§ blologlcal and b10chem1cal propertles, -
;whlch prov1des a bacls for p0551ble future studles on the

effects of hcrmones .on the act1v1ty of the enzyme.;



*4Hg_er1als and gethods.
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o

A - e < D it

1) Haintenance.of Stocks;
\1:i _ o a - L ' :
: The mutants black and onz and the Canton-s Hlld type

, Stralns of D;o%ophlla gelag_gaster came orxglnally fron

the Pasadena collectlon. The stocks were nalntalned on a

4 .
RS

yeast-sucrose medlun (Nash and Bell, 1968) and kept at

ZSQC in constant darkness.‘“_ ’ d'.i;’ ’jn“_.é,T:,[
?f:;t h , |
. G L T T
2 2)§?reparat10nfof‘Extracts,-t S J?_;

1.bﬁ

;-Routlnely, crude extracts of the enzyle Here prepared by;'

~;homogen121ng 200ng (11ve uezqht) of larvae or adults 1n ;{_

?0 055 Trls-HCl buffer, pH7 u at 22°C, Uhlch contalned

H..001 n phenyl tth urea (PTD) to 1nh1b1t phenol oxldase R

" the food by floatatlon on 5% sucrose. The grlndlng ﬂas
'prerforned 1n a snall glass conlcal grlnder (Bellco) 1n
’:volumes varylng fron!O 2 to 1 0 ll untll no solid |

3,d;omater1al uas observed&<f5§ honogenate vas ﬁ?en ;' ;

L3

b _centrlfuged at 7700 x for 10 ainutes, and the

"supernatant uas recovered and kept ol’lce for assaylng.:q

'd'ﬂfact1v1ty (Hltchell 1964). The larvae vere separated fron }:'

S owwb ] B I S
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-
On occasion, extracts uere prepared vhlch
R unexpected‘y contalned no actlvlty. thle ve Jave no
explanatlon for this result, it appears that ‘the duratlon .
and nethog,of grlndlng are crltical The dqution of
grlndlng should be kept -as short as p0581ble.‘hs wlll be f
argueg later, uost of the enzyue act1v1ty appears'telgs K
'located in “the. oenocytes, large cells located just .
‘_beneath the eplderlal cells. Apparently, very sllght
'.grlndlng 'is suff1c1ent to’ bréak these'cells loose and to
‘,lrberate the enzyne. For extracts contalnlng lesstthan 20
organlsns, several tulsts ulth the grlnder handle are T
k sufflelent. uoreover, 1t seens rather 1nportant to av01d ;_f’
Aan 1ntroduct10n of aft buhbles and to prevent foanlng -
A_whlle grlndlng. To llnlllze surface denaturatlon uhlch.ve
'con51der 1o be the most llkely explanatlon for the loss lVQf o
_of actlvlty, glycerol at a concentratlon of 101 and .
e‘boviEE\serul albulln at a concentratlon of 1 lg/ll were.

,tnadded to the extract buffer 1n .°st of the later ,e

experllents reported here. ,’;t;.-g

v

'}_1n act1V1ty uas observed in extracts of young adults

o, 0

The grlndlng technique and duratlon seel to be nore

'_fcrltlcal for larvae than for adult flles. No difference'f'7h

1*l’ground for 15 §gconds or 2 llnutes uhlle a 2 llnutes v:ji”



'..contalnlng 2 0 gn of flles 1n 1

third instar larvae (Table 1) | /_

_(and nearly as effic1ent) though

fTheabasiS'fcr‘the assay is a. SpectrophotOlettlc

y '

"gfinding-tiie'cftep decreased the act1V1ty in extracts of.; .

(

o

A paftiéulafly‘efficient'way'dA grlnding large

- ~gqut1t1es of flies consmsted of f'éezlng the flies in

llguld,nltrogen and grlndlng then in llq01d nltrogen to a
flne pouder in’ a precooled mortat; A lore convenlent uay

'}
was'to nake a slurry~

.0 nl of Trls-HCl buffer —

\and to grlnd themlln a 1arge nortar u1th a pestle.

"3)‘Enzyne'AssayZ':

W

‘_monltorlng .of the appearance of thionitrobenzoic ac1d

;';wach has an absorbtiom naxluun at 412 n-. The uethod is ;}'"

';based on a dlsulflde 1nterchange betueen the CoA

'-llberated by DAT from acetyl CoA and 5 5'-dith10hls(2--~

"vnltroben201c ac1d) (DTNB) (Ellnan, 1958, 1959 and Alpers

i;et 31 1955) (flga 2)..The acetyl transferase assaz;w%s

,ﬂ-contlnuously correct for the absorbance changes 1n tbe -

“ﬁBeckman DB cpectrophotoneter, Uthh allows to'ﬂ7f} el

- _.,w_gv o ;,;a"
_carrled out, at roon tenperature, 1n llcro cells ‘plnlaun

JVO!ZO ll) of 10 nn llght path in a double béan

~_s Jd.u*
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TéBLE 1\\ ‘Effect of grinding time on'thé‘activity of DAT
| in| crude extracts. i
” '%rAf 1 |
‘ , D T‘aCtivity (UnltS/nln/mg wet uelght)
* - .
- o White puparlum stage~3'» Youngvad ts .
Duration of : . , : ‘;' N -
grinding

18 sec ., 0.0202 0.0193

30 sec - Ce.0196. ¥/'0L020753-'
: : -./ 0.0191 :

min © 040175 -
2min o ®olomws T gl0217

LY

N thte puparla and 0-3 day old adults vere grof dfin.ffiséHClﬁ.

’ buffer 0 osu, pH 1. 2,'conta1n1ng 1 mu PTU,; ‘4a  -
. concentratlon of 200 mg/nl. The. grlndlng va éétféfied;in f £“

.»small‘coplca;,glass grlnder (Bellco)'at uo Jihéé&y'

cdnditions fdi"he deternlnatlon oﬁ the enAyue act;vxty Uere

 as. descrlbed 'in’Ma erlals and uethods.57



”*Ffba - Doramine acetyl-transferase.(DAT) assay. e
- HOL ~CH;=CH,-NH

S | o  DAT °
HO” ‘ . T
) Dopaming ” . '

Ac-CoA

< ~CH,~CH, -NH-C-CH,

Thibniuo Benzoic Acid

The act1v1ty of DAT 1s measured by the appearance of

thlonltroben201c ac1d whlch has an absorptlon maxlmum at 012
aﬂ{nmeﬂ,a”7f '. R S



4t

’,(o.éa mg/ml TIIS°HC1 buffer) -at roon tenpera*ure ﬂ

‘i added to the cuvette 1n the order presented here.;gf

15

At the outset, the follouing assay:mixture vas used
based on: prellmlnary studies hy Hodgetts and

Konopka(1973)

=50 ul tris-HCl bufferfdﬁos M, pH 7.4 at room:
témperature . .

=25 ul PTU (1 78 mg/ml, ddw) at _room temperature

4

Al-SO.ul Acetyl CoA (O 44 mg/ll, ddw) at room

tenperature _ :
2 . . “ . i ‘ o R . 4 -
‘-SO'ul crude ‘extract in Tris-BCl 0.05 M pH 7.4 at
40c | S
] R

-25 ul dopaalne (7 5 mg/nl, ddv) at QOC

'y

.;Sd ul DTNB (5 5' dlth10b15(2~n1troben201c ac1d))

)

The 0. D.Au12nm of the sanple was. leasured agalnst a:’

blank in uhlch double dlstllled water (ddu) was

L

Several sllght nod1f1cat10ns of the above procedure Cn
‘ wvere nade. Studles on the klnet1cs of the enzyne (see
}fdichapter 3) revealed that the acetyl CoA concentratlon 1n

| 'fthe above reactlon llxture Has about 2 tlles the Kn and

'-’substltuted for the dopanlne solutlon. The reagents vere i
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_ ¢ ‘ .
therefore adequate. However, the concentratlon of
dopénlne was lowered to 0.75 mg/ml since this corre:pouds
to tvlce the Km value for dopamlne. It should be p01nted

out that the fxtst assays Here perforled us1ng an agueous

solution of dopanlne. However, since it vas_ found that"

_ this solutlon spontaneously melanlzed upon standlng,

-

0'001 N HCl vas substltuted for vater as the solrent.""‘

Even after several hours standlng at - roon tenperature, an .

: aCldlC dopallne solutlon shoued no s;gns of oxldatlon.'

’ approprlate.

5 -

Therefore, ‘the substrate dopamlne was routlnely prepared
in a 0. 0g1 N HCl solutlon ,'and 0. 001 N HCl was used in -
the blank. Flnally, st&dles on ‘the" optlnun pH of the

enzyme (chapter 3) 1nd1cated a pH value of 7.2 Has nore

o

a51ng these assay condx@ﬁgns whlch are nearly
Optllal (see chapter 3) and whlch have been used as the o
standard assay procedure, enzyne actlvlty uas llnear for '

at least 10 nlnutes (flg. 3) and proportlonal to the,f;‘ :

. concentratlon of extract (flg. 4). Even at the hlgh,ﬂg;.ﬂL

1 concentratlons of enzyne th?h uere encountered 1n rfw

partlally purlfied ex;racts,‘the reactlon rate Has

'tb

proportlonal to the enzyne concentratlon up to an: ’jﬂa@7‘”o'

actlvlty whach pﬁoduced an optlcal densxty change of Q{géf-“

unlts/lln¢ Hlth such concentratlonSp the “ff,'}ga‘
‘ o .7éﬁ'v,--'»?5 Of“,flﬁf}' RN



A typical chart recording froam the

spectrophotometric assay of DAT activity. .

nird to the eighth minute vhicp correspondS generally to

¢

0

%@e linear section of the recording.
£ 3 Assay conditions are similar to those described

Wi,
W

faterials and Methods.

s J )
L’" fa

e ¥ .
. - . ’
< .

ig‘” The activity'was-rohtinely calculated from the

in
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Fig. 43 Enzyme activity vs enzyme concentratiom.

B 3

l.crude_extraCt’was prepared by grinding 0-3 day .
e

‘0ld adult flies in a propo;tion of 200‘mg fliestrét
miililiter of grin&ing sszef.(Ttis;HC1,\pH;7.2, 0. 05 HAF
'c0n£aiﬂing 0.1 M PTU){, C o .
Assay Coﬂditioné f§r the.detérnihatiqn;6£ th¢ "

d.enzyme‘activity'were'as-described in Materials ahd;uethods;”‘

.

™
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T
spectrophotcnetrlc determlnatlon wWas stopped after 2
'mlnutes or uhen o. D Readlng of 1. O was reached ‘In any
_ cases, the reactlons uere rarely run for more than 10 .
tmlnutes and the 1 near portlon of the slope, usually fron
vthe thlrd to the jlghth nlnute,’uas used to deternlne the
enzyme act1v1ty. The non-llnear portlon ‘of the slope, at
the - beglnn1ng of the reactlon, varled 1n length and
‘aspect. We have no e:planatlon for the 1ncon51stenc1es
1characterlst1c of the early stage of the o
' spectrophotonetrlc deternlnatlon., |

o _ L R ‘
, 4)'Sephadex columnvchrohatography.;'A, T

'iG~25 G-150 and G-2OO Sephadex gels (Phar1301a Plne -
kChemlcals,uontreal,Quebec) were ptepared as follows. F1ve ff
'»gm of G-25 uere soaked 1n 300 nl of 0. 05 u Trls-Hcl | 5\?
-h~buffer (pH 7 2) for 3-5 hours at roon tenperature. Por G-.f:
T~150 and G-200 20 to 25 gn of the dry gel vere soaked 1n"!'

a llter of Trls-HCl buffer, for 3 days at roon'7

.temperature or for 5 hours at 100°c.x0nce the gels were fﬂ'e-fﬂi

-;fully hydrated the flne partrcles were removed hy
| isuCce551Vely uashlng the gel Hlth Trls-HCl buffer. Alr ;evd:.
;fbubbles trapped 1n the gel slurry durlng preparatlon were ;ﬁ
l'renoved under vacuun Hlth geutle agltatlon.,For d1aly51s
ehpurposes, G-ZS uas packed 1nto a snali coluun (0 9 X 10

J T
e ;
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cm) and equlllbrated with 0. 05 u Trls~HCl pH 7.2 at aoc.‘ B

(ulth or uxthout PTU). The same coluun was used untll .

‘major contanlnatlon by debrls was observed

For.gel flltratlon colunn chronatography and
';molecular Helght deternlnatlons, the excess buffer used
Vto suell ‘the G-150 or G -200 gels vas remoVed unt11 a'
:tthk slurry renalned. The slurry uas thén carefully
.poured 1nto a slanted colunn (to av01d trapplng alr iid-
E bubbles).‘leferent srzes of colunn uere used and varled;;ftf

'from 1. 2 x 55 cm to . 1 2.X 100 cn; The columns were.f'-

‘ 'connected to a buffer reserv01r con51st1ng of a Hariotte;:hf

o flask and the 991 was Packed under an operatlng pressureffn

,fnot exceedln% 12 cn. The colunn vas: further equlllhratedffﬁxﬂl45
hﬁby the passage of at least 10 t;les the dead VOlune of

;10 05 u Trls-HCl buffer.5ﬁuﬁ fb | e

The voxd volune of the‘colunn was deternlned wlth 0 2% 1h{

"h blue dextran-zooo (Pharnac1a Plne Chenlcals). In o#der to |
obtaln good separatlon of the protelns, the alount of "_.;w
| sanple lodﬂed on the coluln should be less than 2% of th;’?{:?]ﬁf

'ftotal bed volune (Andreus,196a). Therefore, salples vere

jff“aluays applled 1n volunes less‘than 1 0 nl. Followlng

’ 7hfsanple appllcatlon, the colunn vas eluted under an

Cn

: peratlng Pressure of 12 cn vlth a volune of buffer‘sjV‘:f -

‘ -fiexceeding tulce the bed volule of the coluln. For ff,;flf}ir

'3 v
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nolecular uelght deternlnatlons, the flow through the
colunn vas regulated by the use of a perlstaltlc pulp

.operatlng at a rate of 10 nl/hour. The volune of

fractlons ccllected was under most c1rcunstances 0. 9 nl.'.‘

The colunns ueré/;ubcessfully reused 1f exten51vely
» washed Hlth Trls-HCl buffer after each run.:’i

5)'DEAE'Column'chronatography;-

DEAE (dlethyl allﬂo ethyl Cellulose - a. and R. Balston,;ﬁ

England) uas prepared by nlxxng 50 ga- of DEAE v1th 600 nl

. of 0 5 u NaOH for 1 hour at roon tenperature. NaOH uas

_-'removed by suctlon on a Buchner funnel and the pH of the f;;*pﬁa°

E suspen51on was reducer to 8 O by repeated rlnses tlth

.double dlstllled vate

L The DEAE uas resuspended in~ 600_5.vj-_ g

'nl of 0 5 M HCl, stlrred at r00l temperature and vashedji"ff7ﬁfj:

“'b,Hlth double dlstzlled uater to pH 4. O‘. Then, the DEAE 5--5*7"”

"iiﬁﬁas resuspended 1n 300 nl of 0 05 H Trls-HCl buffer (Pﬂft

°”f37 2) Vstlrred for 30 nlnutes and tltrated uith 6 u KOH',fﬁ; o

¢

?i.'.’untu a stable pH of 7 2 vas obtalned A 1. 2 x 15 c-

Vl,colunn vas packed uith thertreated DEAB and egullihrated

hdgfby pa551ng through the colunn 300 ll of 0 05 B Trls-ﬂcl

°*f‘buffer,_pﬂ 7 2, at aoc,‘under an operatlng pressure of 10iu'fl‘

RESVRINTE



6) Estimation of protein concentration.

' The concentratlon of proteln 1n.each extract was'. -

' -deternlned by the method descrlbed by Lowry et al.

.(1951), although prellnlnary estlnates vere sonetlnes

sobtalned by readlngs of the Optlcal den51ty at. 280 nm¢‘ N
n%everal dlffi€h1t1es were encountered in applylng the

Lowry nethod and these have been dlscussed by Chen (Ph D.,_ﬂ
‘l.The51s, 1973). Brlefly, both PTU and Tris react Hlth the -
A'hFolln reagent to glve‘false Loury pos;tlve reactlons."”
: Thlsuis\very serlous in the case of PTU at concentratlons
1n the v1c1n1ty of 001 u The Sllght false Lowry | |
p031t1ve reactlon observed when the Folln reagent 'as‘ﬁ.l;xw'
"ladded to Trls-HCl Buffer uas accounted for by A |

‘ATSUbStIaCtlng appropriate blank values obtarned by

"substltutlng the Trls—HC1 buffer for the sanple. The

“}.Lnten51ty of the blue color vhlch develops 1n the ff="7 K

I

".procedure 1s a function of tlne. Therefore, throughout

‘»'?*all the assays, an 1ncubat10n tlne of one hour uas used.; :

_All the reagents etcept the Folin reageut were reneved

'T;‘every nonth and after reneval, a standard proteln
' [

"«1*concentrat10n curve vas prepared us1ng bovine serulr-;gp'.*"l'”'

7f}jalbunln. A typlcal standdrd curve is shovn 1n figure 5.

VoA e L

AN
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Fig. 5. Typical standard curve for the estimation

protein concenttati@n*by the Loﬁtylnethéd.

Standard'curves.uére prepared according
method of Loury et al. (1951) u51ng a solutlon of
- serum albunln (BSA) in the samplé buffer (0 05 H.
‘QTrls-HCl) | C
Ihe 0. D. 660 nm‘was neasured 60 mlnutes

‘addltlon of the Folln reagent._ '

e

of

to ‘the -
hoviné

pH 7.2,

afﬁe: thé+-
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Density gradient centrifugatiOn"vastcarried out on the

.'je’a)4Kffinityfchronatograpny,_idf[~'

N

partly purified fraction’folloving’amnoniun sulfate

treatment. The approprlate amhonlun sulfate cut vas

O

redlssolved in Trls-HCl buffer, pB 7 2, 0. 05 u Hlth no '

- PTU and dlalysed by passrng through a snall Sephadex G-25 -
. column.,A sal;le (0 2-ml) of the dlalysed nater1al was.
ilayered on’ a u 6 nl contlnuous gradlent of sucrose (5 toh"
1201), in - Trrs-HCl buffer, pH 7 2, 058, and centrlfuged

| fat QO 000 rpn 1n a. Splnco SW50.1 rotor for 18 hours at

,‘aoc. The fractlons were COllected by puncturlng the l; S

O
hottom of the tube and countlng the number of*ﬂrops, the:-

,»speed of dellvery belng controlled by a1r 1nject10n on’

the top;of the-tube;»The.locationvof DlT was;deternlneds;f

uitn Sthndard,asSay‘procedures;;d"

N

:'!3. ’

ilI-rGlass beads |

| 'A) Preparatlon of aryl allne glass beads (flg. 6) »
" The procedure of H.W. Weetall (1969 1971) vas. folloved

Viiﬁlth sllght nodxfrcatlons. Arylanlnatlon vas perforled on !foﬁ

!GAO-39QO porous glass partlcles uith an average pore

dlaneter of 550 Angstrons, obtalned fron Cornlng

'Va Blologlcal Products (flg. 7).,To one gran of the GAO-3940 Q:A

C -'\L"."'i ‘7



.1Fig; 6. - ?rocedure for_tﬁe’attachment of dopad;ne'to=glass' -

| ) ‘beads. - - . |

e
- GAO-3940 glass beads (Cornlng) Hlth a pore’

dlameter of 550 Angstroms are treated Ulth p-nltrobenzoyl‘
chlorlde and trlethylanlne (1) The nltrated glass beads" are.
reduced (2) Hlth sodlum dlthlonlte, and the arylanlne beads
dlazotlzed (3) in. tbe presence of HCl Hlth SOdlUI nltrlte.
‘The dlazotlzed beads are coupled u;th the aronatlc anlne (#)j
“to produce glass beads wlth dopamlne attached Detalls of .

*the procedure are glven in the text..
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Fig. 7., Qbrousﬂ lass Leads.

R s RN

Schematlc representatlon of the physxcal structure of

the GAo-BQQO porous glass beads as recelved from Cornlng

. Glass Works. ; 7" L ”.ﬁﬁ.;'

A proposed structure of dopamlne llnked to glass beads

- is illustrated ia- flgure 15a.
, _ T
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- .glassbbeads, 10 ml‘of.a'chloroforn solution containing'
100 mg of‘p-nitrobenzoylbchloride-(preViOuely'
.recrystalllzed with carbon tetrachlorlde) and 50 ng of
trlethylamlne vere added The reaction mixture wvas
réfluxed for one hour ¥ith "boil easy" porous particles.
The solutlon was'.then decanted and the. beads wvashed three
tlnes Hlth chloroforn. The chloroforn vas then removed by
a1r dry1ng. The nltrated glassibeads were reduced by
'addlng 10 al of a 10% aqueous sodlul d1th10n1te solutron '
‘and refluxlng for 60 nlnutes. The reactlon solutlon was

Rt
decanted and the aryl amine glass bea;s Hashed three

e :
2%y -

Cetg

o

times vlth water.

B) Dlazotatlon and azo conpllng of dopanlne (flg 6)

‘,_Based on the J C Venter procedures (1972,1973), the

.‘Stlll moist aryl allne glass beads (approxlnately one
.}gran) were placed in 20 nl 2 N Hcl contalnlng 0. 250 gn of‘
sodiun nltrlte. The preparatlon was alloued to stand at
"0°c under vacuun for 30 nlnutes. Ihe actlvated glass
beads uere then flltered and washed wlth 500 ll of ice. .2-
| cold double dlst1lled water and placed 1lned1ateﬂyj?§}10_7
al of 0, 05 [ TIIS‘HCl buffer, pH 7 2, contalnzng 10 ng of_r
;non-radloactlve dopanlne and 10 ul of “c-dopaline (100
,'uCL/nl) (£ig. 6).. | | L

' Tpe reaction.niitnre was allowed to stand for one hour at.

!
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250C in the dark The browun’ colored glass beads ‘were then
washed Hlth 1 2 llters of 0. 1N HCl. The uashlng solutlon
vas kept for assays on rad10act1v1ty and the glass beads
uere s@ored moist at 40C, Before u51ng, the treated heads»

‘were vashed Hlth Trls-HCl huffer, pH 7. 2, 0. 05 .| to

renoved any ~detached dopanlne.

11~ Sepharose:ab heads‘kfidr 8)-.A |
'The prdeedure of/attachingﬁdoéairnejto'Segharose:ub heads.
'was_a'aodificatientef that efecuatreCafasv(IQTO); :

) Preparatlon of amino ethyl Sepharose.;

In a. uell ventllated hood 250 lg of cyanogen bronlde per
’hllllter of packed gel vas added rapldly To a. Sepharose-
,ub suspen51on (Pharnac1a Fxne Chelicals). The pH of the
-reactlon mlxture was 1nned1ately ralsed to and nalntalnedﬁ
| at 11 0 Hlth NaOH (2- 0 u). The tenperature was lazntainedhi
at approxllately 20°C by adding p1eces of ice as needed.
. The reactlon was conpletedhln 8 to 12 llnutes as |

v

1nd[cated by the cessatlon of proton release.,a large

)

- amount of 1ce was then rapldly added to the suspen51on,.

47uh1ch was transferred qulckly to a Buchner funnel (coarse
_dlsc) and vashed under suctlon u1th cold saturated boratedli
_.buffer (pﬂ 10. O), the volune of vash belng 10 to 15 tines;f

'that of the packed SepharOSe. The uashed, actlvated



‘% Fig. 8. Procedure for ‘the attachnent of dopanlne to

Sepharose beads.

.Dlazonlun-Sepharose derlvatlves‘are orepared‘by
treatlng Sepharose-uB wlth cyanogen bronlde (1) folloued by
'3 3'—d1anlnod1propylan1ne (2). Thls allno Sepharose 1s then
treated Hlth p—n1trophe7y1a21de (3) The an1nophenyl

' derlvatlve is reduCed Hlth sodlun~d1th10n1te (u) and then-" °
idlazotlzed with nltrous ac;d (5) ngands hav1n9 phen011c or'
' 1m1dazole groups, l1ke doparlne, react rapldly u1th V |

f, d1azon1um Sepharose (6) -



Fig. 8.
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Sepharose vac then added to an egual volune of cold

- dlstllled vater contalnlng 2 nloles of ’_u

2

.3 3t dlallnodlpropylallne for each lllllllter of

Sepharose, prev1ously tLtrated to pH 10 Hlth 6N HCl. The

) entlre procedure of uashxng, addlng the llgand solution

o

. and m1x1ug ccnsuled less than 90 seconds ‘ 51nce the ;

.'aCtlvated Sepharose is unstahle. After reactlon for 16

"j'hours (the flISt 3=4 hours wlth gentle ll!lng) at QOC,

3uare treated for one hour at roon tenperature vlth 0 07 Hlf;;'

-habout 12 unoles of allnoethyl groups per lllllllter of

'SePharose. e.'; ,’-gy'

_the gel was uashed u1th large volune of double dxstllled'ﬁ

-uater « Thls treatuent results in a derlvative havzng

¥

S

" B) Preparatlon of p-anlnobenZanldo ethyl Sepharose and
_uattachmeut of dopallne v1a azo linkage. ) ""»
_‘3 3 dlan1n0d1PIOPYlallne Sepharose beads in 0. 2 u sodiu-,ff*

' borate buffer, pH 9 3 and 401 d1nethyl forlalide (V/V)

_p-nitrobenzoyl azide..The substltution is conpleted as
.judged by the lqgs of.color reaction v1th spdiu. L
ftrlnltrobenzene sulfonate (Cuatrecasas, 1970). TheAp-'5ff"V
,nltrobenzanido ethyl Sepharose vas then uashed ' SERA
"exten51vely Hlth 505 dlnethyl for-allde and reduced hy
1ireactlon for 40 -1nutes at MOOC w1th 0 1 u sodiul ;

-"dlthlonlte in; OFS {3 NaHCOB, pH 8 5 . The vashed p-
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"amlnobenzamldo ethyl Sepharose derivatlve,’ln O 5 N HCl,_

can be dlazotlzed by treatlng for 7 mlnutes at 4°C Hlth

| .sodluu nltrlte (0 1 4. To thls d1azon1un~5epharose

Quderlvatlve uas added the non-radloactlve dopanlne (1 mg
' per ml of Sepharose) contalnlng l‘C-dopamlne (1 uC1 per

=fmg of non-radloactlve dopanlne) 1n solutlon 1n saturated

L sodlum borate buffer, pH 10 0. Ihe pH of the reactlon

mlxture uas adjusted to 10 wlth NaOH and allowed to reactfffi”

o for 8 hours a% 4°C. The treated beads vere exten51Vely

“,:_» uashed wlth double dlstllled water and kept 1n suspensionsff"‘

wlth Trls-Hcl buffer 0 05 H, pH 7 2 . AS before, thgp

o beads uere washed once prlor to using. s zi yﬁ'“wg»uglfsf**°'



~CHAPTER 3

Biochemical Characterization

Cos

' In the prev;ous studles on DAT (see Karlson and

7Anmon, 1963"Hodgetts B B., unpublished), no attelpt to'H}‘

'1nvest1gate optlnal substrate concentratlons, cofactor :1ﬁ%fa:"

: requlrelents, tenperature and pB optxna uas nade. These
[ S
“,uere part of the subject of 1nvestlgat10n in thxs thesis.u'd

I]A) Optinun Ienperature. ,3ji;?__

i fAS 111ustrated 1n flgnre 9, he optllal assay tenperatute o

~vcorresponds to 37q40°C. Houever, as no spectrophotoneter :

AHlth a tenperature controlled chalher uas avazlable, all ;[ut.:

_/‘.‘ v.1~,

';standard assays were subseguently perfo:ned at roo-

iwtenperature..The advantage of using an assay te-perature ;f_}3s

B ?of aboutw22°c is that enzyle 1nactivatlon, vhich becones:fflj"“

':gappreCLable above 30°c (see follouing) does not occur.;;iﬁffh:u

'"VfL‘Thls hlnodal curve is rather surprlzing._rhis could he

"fexplalned by an unknoun artlfact in the procedure, by theﬂf.ifi

oy

7f P:esence of tuo tenperature optila or by the ellstenCe Offhgfwh

\

“fatuo enzynes actlng sxnllarly on dopa-ine,_but at

’_dlfferent telperatures. These hypotheses have not been

']verlfled, hoveVer.f,,,fg"' o S
< G 0



.‘\ . ; - . : . .
V{&g.-g.'_vEniyne'aCtivity_VS %enpenaturei
: Thls study uas done Hlth a crpde extract of 0-3

day old adults, using standard assay condltlons (see ;;gjf
e o

uaterlals and uethods). All reagents and the cuvettes uere '~H

kept at the 1nd1cated telperature prlor to assaying, sxncefg?f'

no spectrophotoneter ulth a tenperature-controlled chalberf o

was avallahhe. The act1V1ty uas then neasured 1lledlate1yn'jki3'

.;after the addltlon of the flnal reagent.¢ H
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B)HInaCtivatidnATenperature,v'5'
i'As'shown_in_figuré'1o; the7inactivatiduiteuperature is
| not unusual for a proterp (Bernhard 1968), shoulng a-

*'rapld decrease 1n act1v1ty over 30°C and conplete

'{idenaturatlon by 50°C. As a result,‘assay condltlons L

‘iresultlng in telperatuTes hlgher than 30°C are to be‘ -

h‘;ﬂﬂavolded.p

It should be polnted out that although the telperature of RN

. the cuvette increased notacably durlng an assay, the

'genzyne reaction Has llnear for at least 10 ninutes

L (flg 3). Thls -ay of course be a reflectlon of au

f‘equlllhrlun betveen the rate at uhtch the enzyne 1s'eyf,“'

rdenaturlng and the increase rate of reactlon. fﬂ.:fi“

C) Stabihty- ,

g "ib’._'.Both dlalysed and non ‘1a1ysed crude extracts of the

Tfenzyne were fcund to be stable for a relatively long

‘°5jh€per10d of tlne if kept on 1ce (fig 11). Honever, the

‘_factlvrty of a non dlalysed crude extract decreases vith

”5f¥.fthe nunber of tines 1t is frozen and thaved, Hhile

*ifdlalysed extracts are qulte stable ‘. The additzon of NaCl

'(0 1 u) to a crude extract tends tb stahilize the enzyle

"”;_durlng freezrng and thauing, although NaCl has no effect

on’ the enzyne act1v1ty 1n freshly prepared cruae

.bextracts. PTU (ahout 1 uh) seels to have the sane

. L “ \
e

’-~,w
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Pig.llb.- Heat ;nacg%vaﬁioa»offDAT.' |
Sanples fronm a crude extract of 0-3 day old/ o

'adults were 1ncubated at the approptxate tenperature for 20

. ;nlnutee prlor to assaylng. | | |

1y

Each sanple was then brought back to- ao C and the o

.assays uere perforned at roon te-perature uszng the standard AR

o

'_procedure.;
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.Eié"11; _Inactivatioﬁ 6f le in,Cruﬁé extragts'at~0°vc.-
. f‘-, ’ .

A crude ‘extract was brepared from 0-3 day old

.adults and éart of thlS was dlalyzed by passage over G~25

‘(see Materlan\and uethods).these two extracts were thenﬂ~

\‘,,Q,

H_assayed under standard condltlons after standlng for varlous

u

';tlmes in an 1ce bath

s,

ﬂ—ﬁk—-—, Dlalyzed extract

;v;+f0+§e%, Non-dlalyzed extract
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stabilizing effect as NacCl.
The enzyme may be stored for long periods at -400cC, and
~ 1n one expeglment 62% of the orlglnal activity relalned

L3

atteg more than 6 months.

v

‘D) Optimum FH-

The reSuI;s of a study‘to detesmine the optimum R
enzyme are shown in figure_12}‘it’shoulq be pointed out
xhat all fhe reagenhs were-in solution in ddw (doub;e»
distilhed>uater).uhile hhe extract was nadevin a saline
'solutlon (0. 1 H) contalnlng PTU (1 ah¥). At low pH,.the'.f
”1onlzatlon of the thlonltroben201c ac1d formed durlng the"
épectrophotonetrlc assay decreases (pK =5, 13 Elllan, 1958)-

~and accordlngly a.. decrease 1n the absorbAnce at 012 ‘nm

occurs. Houever, nQ ‘attempt to correct. the values of the

\ #7 L]

enzyme act1v1ty at.lov pH was nade. Because of the
relatlvely low pK for the thxonltroben201c acid, 'in the
phy51ologlcal range of pH, the errors Hhich ulght-be"
ascrlbed to varlatlons in the degree of 1onlzat10n Hlll

" be negllglble.

- E) Cofacter Reguirenents{ '} L ;'ﬁ"
None of the usual cofactors or metalllc 1ons was found to

enhance the enzyue act1v1ty (table 2)

(2]



-Fig. 12. Optimum pH of the DAT. o
: : . !
| l
Fcr optlmum pH deternlnatlon, assay CODdlthDS
were altered so that all ‘the reagents vere in double
dlStllled vater, the crude extract in sallne solutlon
(0 1 H) contalnlng 1 nM PTU and buffers uere of the
' approprlate pH value. |
Tris-Maleate and Ttls-HCl buffers were used to
cover the entlre range of pH extendlng from 2.0 to 10 0.
'Only the portlon correSpondlng to naxxnum actlvlty is shovn.j

0-3 day. old adults vere used and“assays vere

_ performed at room temperature.
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. TABLE 2;v Co-facfor reuuireueuts; ;
a) Metallic ionms '4"Concentrations _DAT activity

- o g : 1uuits/liu/lg)_ |

' \'féo++'kc1--9) - 17103 u 2 re§++'rea¢ts'wi B

| 5/103 8 'DTNB to form a

I/TOZuﬁ. f:féiluv'conplei;,-fj'

Mg++  (Cl==) ' .ui/1bs Hf." o j.;b15f"'_'

0ew L om /

K+ (clm) IRZUE R S 0w

- Coszt03w T f:;brsj;f- -

|

11/102'u I_'-_»v ””qu017

nﬂu+_(c1—) ‘  '.: ;q/103‘§,vu ‘ " v;u;013

f o . .A o ]_5/1b3 u' ]‘“ u;'* f1§615»f”
vfcbntrdl: j Trls-HCl huffer 0. 055 pH 7 2 ;jf;q16:fﬁ

by Co-fa¢tors . -Concentrat;pnsg-f;_nuf ictivity |
S T (Units/nln)

 uPled0Xal Phosphate "'“S)Abs”u' Reacts ulth dOpalineuf

R Hercapto-ethanol L‘u 5‘/1.03:'":'-i}Rea\ct‘.s wzth DTNB  };" ;
Dopanine fu .' ﬂp’ §g1o=.u iu"713,; ,.0232 | '.i
L'Coutrol Trls-ﬂcl buffer 0 05& pH 7.2 f.031q,€:u;ib.u'”

'0-3 day old adults Here ground 1th Trls-HC1 huffer, 0 055,
CpH 7.2, contalnlug 1/103 M PTU. ‘and - 10% glycerol in a =~
proportion of 200 mg tlies per . ll buffer. Betallic 1ons or

s

:“co-factors Were added to the assay mixture. Assay. couditlous 'fv

uf vere sxnllar to those descrlbed in- uaterxals and uethods..- o

( .
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F). Partial'Purification of 'DAT.
. A partial purification of’DhT:uas_dbtained-by'the""

fbllouing étéps. )

. <
1) Amnonlul sulfate fractlouatlon.-

: (The fractlonatlou was perforned on crude extracts (see 3”' |

Lo haterlals and Hethods) frou elther thlrd instar larvae or

4:young adults (0—3 day old) by dropulse addltlon of a

‘-saturated solutlon of anlonluu sulfate to the crude
extract kept on 1ce. As shoun 1n table 3, approxlnatély

‘761 of the total DAT act1v1ty was found 1n the fractlons

'»contalnxng 50 to 80% anuonlun sulfate " aud a 3 fold

purlflcatlon was obtalned The relatlvely low recovery-

v/after ;-uonluu sulfate fractlonatlon cannot be explained,:;.

Tbut a 51n11ar problen vas’ encountered durlug tl R
chrouatography on Sephadex (see belou).:-ﬁ;Qﬂvfl“h
'5.2) Colunn chronatography. ;ldff_Fi-'“

Tb'-I DEAE coluln chronatography.iﬁ;< |
'dThls chronatography procedure uas unsatlsfactory for DAT,?
sluce no enzyne act1vaty could be recovered fron colunns |

sprepared as‘%escribed 1n the uaterlals and Hethods.,51nce

ﬁgradlents of Nacl fron o 1 to 1. 0 '] and pH fron 2. o toﬁ?

’511 0 vere 1ueffect1ve 1n relea51ng the enzyne frou DEAE,-

lﬂlt is. unllkely that an 1ouic adsorpt1ou vas tak1ng place.?ai:ﬁ}

'T[fThe possihlllty that the enzyue was 1nact1vated hy DEAE

T - .td" Lo
;o .
1o .
F.
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. TABLE 3. Ammonium sulfate fractionation.

% satura§io§. i’_  Diétribhtioh 6f Dailgdt%iiiy‘v
| oééSx ~;'¥A"._i, o L ~1.1$ ?? ; R
7  25-40% 2 ' o . _»§;7s_‘5'
~ 4o-s0% o RERTI BRI

|  f:50;60i L ” '_'f” ,;j«ff’¥8;2g - {;'f"

oe0-70% RS » ;i:a2;5x_‘v» | |
:: ;803962S  1.. ;,5':' 9 51_5;'.'19;“57:-;i"ﬁﬁﬁi;ri  7ff

| Becovery of 58% (based on total activity recovered). cut .
‘used: 55-80%. Total ;ecovery 9f 40$‘]3jfb1dipnrif;cation);_¢ »

. ’Theiaihohiﬁn‘shifdté»ftéétidhation iasfbétfdi-ed"by ffi‘

~ .drop-wise addition of a saturated .solution of aiQOniul:qﬁig5i7;'

.- sulfate (227 C) (buffered to 7.2 with NaOH) to. a crude - I
. extract (0-3 dayrgldfadults'in]a;ptoportio@’Qi’ZQO*lgﬂfliesdjﬁ
;'.pe;wul_rris—nc1,huffer;vo.ps_q;lpﬁ‘7‘2),xept_on:§qe:,jra S

. "'fThe,piééipita£efuagﬁéepdraié&fb&fééntrifugatiég;16;000; :i.
x G x 10 min)-and redissolved in 2 .x'0.25 ml Tris=fcl-

'"'buffer[70w05'u,ﬁpﬁﬁ7;2;»The‘SOIntionsztaiued;Has’nqte S

_':vdialYZed#Sidqé am;9ninm_snlfaté*ﬂid not interfere with - = .
enzyme activity. ool hd Rot lntecfere with



“;ffsoaked Sephadex

- 51

”'»Auas not pursued, and our 1nvestlgat10n of the
echronatographlc behavlor of the enzyme on DEAE Has-

'ternlnated at thlS point.-__fj'

IL. Sephadex G-200 and G-150 colunn chronatography.

‘_Chromatography on Sephadex G-200 or G-150 proved to be a

f ‘luseful technlgue for obtalnlng a purxflcatlon._A typxcelA

‘e::proflle of DAT elutlon on Sephadex G-200 15 1llustrated

"71n frgure 13. As the figure shows,‘lost of the acth1ty 'ﬁfj

".'eluted betveen fractlons 57 and 68. Hhen the peak
' -

‘_;fractlons uere pooled typlcally a 3 a fold purlficatlon~fff_
.lwas ohtalned Hlth a recovery of 635. Slnllar results were ,?;'
obtalned on Sephadex G-150 51nce the lolecular welght of:df?u‘

flfthe enzyne (approxrnately 28 000 daltons ,see later) 1s

':frsubstantlally helov the exclusion llllt for both types offﬁiau'

ngel thle the relatzvely long perlod of tlle (4-5 hours);ﬂ{cr"

'“7: regu1red‘to elute these colulns might be con51stent Hlth e

lwas also observed vhen crude extracts vere passed ovar

. 5ﬂ{snall (1 2 x 15 cn) Sephadex G-25 colulns. If an alignot‘;;b;”h

’g(o 5 nl) of a’ crude extract conta1ning a known
&

‘ﬂ'fconcentratlon oT actlvity vas nlxed Ilth 5 ll of pre-53755

G-ZS G-150 or G-200 1n a beaker, no

l,t51gnificant loss of enzyne act1V1ty was observed after 30fﬂffff;

.-‘v

4;r‘nlnutes at a°C.:Hence, the enzyue 1s not Lnactlvated by

V';ﬁrecover1es observed, a surprlsingly 10' recovery (50'7°’Yifdit‘



_accordlng To Loury et al. (1951)

Pig. 13. Elution profile of DAT on Sephadex 6-200. -, .=

”;. Chrouatography on Sephadex G-200 vas perforled on a 1. 2

X 100 cm colunn u51ng ‘a- perlstaltlc pulp Ulth a flow rate of,:\
:10 nl/hr. 1 0 ul of partly purlfled crude extract (after,:;:_ff"

eamlonlun snlfate fractlonatlon) uas loaded on the colunn.f,:

The chronatography Has done in the cold 40 C) and 20

drop fractlons (averaglng 0 9 nl) were collected.tEnzyle

|
‘<g-act1v1ty vas . measured by the procedure descrlbed 1n

ﬂ[uaterlals and uethods,'and proteln deternlnatlon uas done }{Q

o Co
T

R S
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, S R
the beads nor does it adsorbs to the beads. -

N

To deterulne uhether or not the 1oss of a low

Y

‘.lolecular velght co-factor or actlvator vas occur1ng :

durlng dlalysis on G-25, the follou1ng experilent was

:“perforued. The ffactlons containlnq the DAT act1v1ty were Lo

’1L1ntern1xed uith the pooled rela1n1ng fractions (flg. 1“)r1‘

?»'After correctlug for the d11ut10n, no 1ncrease in enzyle

, "wact1v1ty could be detected 1n any of the pooled salples.?;

R
In- accord ulth thls ohservatlon is our)flndrng ( to be '

"f_i‘dlscussed later) that there are no apparent co-factor

‘”ifrequxrelents of he enzyle. Pre-treatlent of a G-25

rcolunn (1 2 x 15 cn) by passage of 10 ll of a BSA (bovineffdu

¥

"7ser“‘ alh“'lni Solutlon s -9/-l) also failed to i-proveaf_ﬁr*'

' e:recovery..51nce an. analyszs of the stablllty of the 0

__,_enzyme at aoc (see 1ater) revealed no Slgn1f1cant loss of;eh.ri
LS o

'ﬁpaact1v1ty durlng a 3 to 4 hour period, ve have no 'f;;f;“m-;iT*

0.
/

_5p?satlsfactory explanatlon for the low recovery fra. ?hfffffhﬂﬁej

SR S L I 5 S
-*.?{3) Afflnlty Chronatography.; .'

.' R 5

.f?_‘eDue to dlfflculties encountered 1n obtalning good

'”-recovery after standard puriflcatlon procedures ( colunn

/

‘hTﬁhchrouatography and anlonxu- sulfate fractionatzon ), the .t,33

'fp}frelatlvely meu technigue of afginity chronatography sas



©.dctivity. In

¥
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. N
“Fig. 14. - Séphadex\6~25 dialysis. .. '
. LU : . .. )
1.0 ml crude extract
to . .
fSephadex G=25 coluln'
o - to . S ' ‘
'Fractlons coliected B 0 to; 5 nl

CIX

111
IV

Actxv;ty 1n coublned or separated fractlons,

Fractlon# 7@‘ f~sf

o T om
i L o
CIID 1008
RS- T oes
“1eIr  ,.0$ S
Srsiv e Lo 05{;:;;,g
[ - ‘ _':‘III 6 II ':L' 41005
'fb,III 8 IV .11100“

1 0 ll of crude extract fro- 0—3 day old adults (in a.

- 5 to 10 al -
="10.to.15 ll.-'-
s 15 to 20 .lfi‘

Actlvity

L s
r,

.
P

(corrected £or’qilutlon)

‘tproportlon 0f:200 ng. flies per al Tris-HCL huffer, ‘pH- 7 2,;1,:¢a

' 0.05 M) vas loaded onm a pre-equilibrated Sephadex 6-25
xcolunn (1.2 x .12 cn). Approxilately 70% of ‘the total .

‘activity loaded on the cdlumm’ ‘was recovered in: fraction III

- (10-to™15 nlﬂ Ihls accounted for 100% of ‘the recovered

- ernixlng of the fractions revealed no ;ncrease
.. or decrease -in activity. Assay conditions were: s;nilar To

-.;those descrlbed 1n Haterials and Hethods. e
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“tried.

‘ The prlncxples for afflnlty chronatography uere

flISt descrlhed by L.S. Ler-an, in 1953._
i al - - h€;

'If'a specific:donpefﬁtive‘inhibitorhor‘a

R

sultable substrate of an enzyne 1s

‘ fcoupled to the surface of an 1nert solld
!tg7‘h:'e 5 ‘it may he expected that the enzyne uill
;h'ei.t": be rever51bly bound to the solxd through

3
conblnation wlth the attached group, :f~;sv,j",

| :1hile enzyaes 31th dlfferent L S
éft?’ff ” {'.1spec1f§c1t1es and other proteins w%ll not L
vé@fg*". ::h‘drhe hound The enzyle could 1ater be ">‘v
’f:ihjlyilh',freleased by a change in the lediul to
gﬂfgvivttfff‘tcondltlons unfavorable for conblnation ftf‘;
?;hﬂ f»f’o7?f‘as, for exalple, change 1n pH or salt =
éﬁf;,e;ftﬂ';f;concentratlon. hlternatively, hy the use" -
ffgﬁ,i:f‘”Jvf;{of a solutlon of a conpetitlve 1nh1bitor,ﬁfj:'-
ngri;v:f ftg;the enzyne, wlll, accOrdrng to the |
%ﬁékfvtrf 't ;prlnclple of lass act:on, be returned

“"H“1nto solutlon by an additional speciflc

‘ dffdprocess. Thus, the isolation of the  ﬁ:{-f"-“
f4£-ffhaiffi;fenzyne uould depend dlrectly on its

‘ f ;cata1yt1c speciflcity rather than,‘as 1n

B OE LD SRS RS



conventlonal procedures, lts propertles

-as a proteln.’

The technlque vas not developed, houexer, for 15 years.‘
'1By thls tlne,’approprlate adsorbents had becone'
*avallable. of 1nterest to us vas the developlent of a:
;technlgue to blnd catecholanlnes ( noradrenaline 1n
partlcular ) to porous glass beads (Venter, 1972). Slnce;,
'nthe structure of nOradrenallne dlffers fron that of |
dopanlne only by the presence of an addltional.hydroxyl

'group ‘on the 51de chaln, and s1nce the blndlng of '

'"lnoradrenallne to the natrix vas through the henzene rlng,r';fff

"we expected that dopallne naght also he attached to a

'glass natrlx. Purlflcatlon of DAT nlght then be effected o
N L T
mthrough speciflc blndxng of the enzyle to the suhstrate.»f

;In order to facxlxtate such hlndingc the suhstrate is e

K:-

zusually not attached dlrectly to the beads.vRather, it 1s313f;ff{

}'v,covalently bound to one end of a 5-6 carhon chain, the

deother end of uhich 1s honnd to the latrix. A schenatic

'fgrepresentatlon of the dOpanine attached to the latrix 1s hfi;ff“*

fshown 1n flgure 15a for the glass natrix uhile the
':fSepharose natrlx 1s shoun 1n flgure 15h.., 5'? N

Attachnent of dopalane to aryl anine glass heads (ag**f

s descrihed in chapter,Z) uas nonitored by the flxation of ‘_fjif

,/



)

Pig..15. Attaclkment of dopamine to: a) glass. matrix
,'b){Sepbarose matrix’
Lo

, Ho\ . ’HO :

., a) glass —NH‘-C»-@—”N:N-‘_- '

| N\ g -

s Hoi,’ J-‘o

. b) sepharose -NH (CHZ_)—NH(CH J-NH-C ~ ~NIN-

GAO-3940 porous glass beads uith an average pore
_'dlameter of 550 Angstroms (Corning Glass) and Sepharose ua

(Pharma01a Fine Chemicals) vere treated as descrlbed 1q
O . .

,Materials and uethods whlch resulted 1n the’f1xat10n<of

L dopamlne to thelr surface through an 1nternedlate coupling

A

"'molecule.
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e,

l'dgﬁopamlne to the glass beads. Theeanount bound, 0.680
ng per 1.0 gl of beads, conpared favorably to the
attachnent of adrenallne to glass beads, which resulted
1u.a fixation of-0.193 mg per gm of glass beads

(Venter, 1973). A non-spec1f1c adsorbtlou of t¢C-dopamine
was observed to untreated glass beads. However, thlS )
amounted to only 7.2% of the. spec1f1c absorhtlon observed
. when beads vere treated as descrlbed in uaterlals and

uethods.

A small column (0.5 X 6 0 m) of the glass matrix
vwas packed and loaded with crude extracts (fron 0 to 3*
day 0ld adult ) and eluted wlth
| 1) Buffersaof dlfferent pH (1 0 to 11. 0) and
, molarlty ( 05 to 0.5 N |
| FZ)FVarlous salt concentratlons (0 1 to 1 0 u)
'3) Relatively coneentrated solutlons»of dopauxnez
(5 mg/ml) and acetyl,Coh_(Q'ng/nlik | |
'ﬁoienzyle aCtiVity vas recoverediuuder'anp of these
COndltlQnS and 80% of the proteln present ln the extract
Was retay&ed on the coluln due to non-spec1f1c adsorbtlonp,/
'by the porous glass beads. To ellllnate thlS problen the

;column vas loaded with 5 0 ul of a solutlon of BSA {5 0 E

ng/ml) 1n buffer. Thls treatnent prevented the uajorlty

i ‘-
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of the protein in the crude extract fron being retarned
but unfortunately 1t also prevented the blndrng of DAT to

»

the matrix .

Id'eﬁ attempt to‘;ur.ouqt these‘difrrc%}ries;e
Sephdrose, an‘adsorbenéjha#ing little éffiniﬁy for
rproteid (Cuatrecasas,-1970; 1971), vas tried>as a.
support. Furthernore, a. 1onger 1nterned1ate ch%%n ves
Nused to attach the lrgang to the solid natrlx \ﬁtg; 15b)
‘to nlnlnlze any 1nteract10n between the enzyle and the

Sepharose.,Us;ng»the procedure descrlbedzln chapter 2,

'0.36 mg of dopamine was ettaehed per qrai of Sepharose. -

A vrde varrety of condltlons uere %rled 1h dn ;d

l dnsuccessful attempt to elute the enzyne rrOl the~coihrnf.

'These 1ncluded-‘ | ‘ | o . |

Borate.burfer at;bﬂ,10.d;,dij:§ij'

xtl-nci ﬁuffer at. pﬂdzfd;-b"oizs M

Concentrated substrate solutlons. erther
dopallne (5 0 lg/nl) or: _ _/;;‘f, ‘

acetyl CoA (2 0 ng/nl) 1n Trls-HCl buffer,'r

pH 7. 2, 0. os u.;

'An attenpt to rémove the enzyne by electrophore51s

on colunn uac also unsuccessful. B
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‘ When cclumns loaded Hlth an exCess of crude extract
(2.0 al or more for a 0 5 x 6 0 cx column)ﬁgere ‘eluted
dunth TIIS‘HCl 0 05 M, pH 7. 2 contalnlng 1. 0N NaCl, 97 %
of the DAI retalned on the head= uas recovered,_ulth a\
3. 6 fold 1ncrease in spec1f1c act1v1ty. ThlS 1nd1cates o
‘that many prcteins in addxtlon ‘to DAT were retained on -
the colunn. Uclng a g}adlent of Nacl (0 1 to 1 0 u) to-'
elute the cclunn 1mproved the purlflcatlon to 7 5 fold
7(f1g 16a), whlle -a pH gradlent (6 5 to 8 5) gave a 2“
fold 1ncrease 1n spec1f1c actlvity (fiq. 16b)1f the peak
fractlons vere pooled It vas’ not pdﬂf;

,‘recovery or to 1ncrease the purlflcatlon by the followlng

'p:ocedures. ‘

j 1) Pfetteathent ofitheicoluin>iﬁthvbshe(s:d:d
 mgal) o S
o 2) Elutlon at lover speed (1 drob/nln fronlj.
"dtops/lln) u . . g |
| 3) Oéeratlon at a dlfferent tenperature (QOC fronﬂ
room tenperature) . ~f?‘f’i*§id?f.fffih“l o

| u) Elutlon ulth buffers of dltferent nolarltzes

(0 01 to. 0 5 n) and dlfferent pH values (2 0 to 10 5 )

It could well be argued that these results indicate
T P S st it

ble to 1lprove the - h



o
Flg._16a and b. Chronatographlc behaV1or of DAT on a
Sepharose afflnlty colunn.

a) Elutlon with a gradient of NaCl

-b) Elutlon Hlth a gradlent of pH

2.0 al ofecrude~extfact vas loaded od-a 0.5 176'dicil

column contalnlng Sepharose beads with attached dopanlne.

‘The column vas pre-eluted Hlth Trls-BCl buffer, 0 05 n, pB_ D

7.2 and the total actLV1ty eluted deternlned. By -

' ,calculatlon, ‘an estllatlon of the actiV1ty relalnlng on thet;*'

'column vas made. The colunn uas then eluted Hlth, Flg. 16ag;yf7;3

a gradlent of NaCl (0.1 to 1. 0‘5) 1n Trls-HCl huffer, or,

"Flg. 16b,_a pH gradlent (Trzs-naleate, 0. 05 H). Assay

fconditlons vere sxnllar to those descrlbed 1n uaterlals and7fff

-uethods. Proteln deterllnatlon vas based on the nethod of
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'»[ )

the column wac not functlonning as an afflnity colunn at o

Y

"7-all. we do not bellehe th1s ls entlrely the case sxnce,»"‘

'”’j‘of DAT, although the results are disappointlng in the

" if a ‘nev. colunn is OVer~loaded uith crude extract (for :f;
'exanple 2 0 ul of crude extract on a 0 3¢ x 6 cn coluln),'
-'_and eluted with Trls-HCl buffer, .OSH, pH 7. 2, the enzyle':"
lbehaves in three different ways (flg.17)-:1- a good |
_proportlon (approxlnately 30 %) 1s retalned on the |
hy coluln' 2- the najorlty (60 S) 1s eluted u1th nost of thek.};y:t}i:
"tlf protE1ns (peak I) and 3- a snall fractlon (5 S) of the .
hiact1v1ty is eluted as a retarded peak (II). The DAT 1n
‘peak II. nay be retarded by 1ts speciflc afflnlty to the

llysubstrate attached to the latrlx., lthough the SpeCIflc

/'

‘.:act1V1ty in thlS peak 1s very hlgh, only a snall portron
t"fenfof the enzyle_p;esent 1n a crude extract 1s contalned in: irxV:-.ﬂf
“flthzs peak. Hovever, the use of a nuch larger coluln light;fff;t°i'u
;iallou one to 1ncrease the recovery to a poxnt uhere this :

’ g;icould becone a useful Purlfzcatlon step-;u.f?i‘f”’l:" v

In conclu51on,'it appears that afflnlty

};“chronatography could be enployed to obtain a purificatlonhﬁﬁsf{ffff

e

fllght of other reports (uiller,1972 Cuatrecasas,1968° “”f-~’
";Hilcheck 1969). hs sullarlzed in tahle u, a conhinatlon
" of annonlu- sulfate fractlonatzon, colunn chrouatography:fﬂfhw‘

"-l: on Sephadex and affinity chronatography -;ght he expected;fjﬁffifﬁy



Flg.ﬂ17. Elutlon of DAT and protelns on afflnlty
. chromatography columns. ,T't o

>.\.‘ ) . s
N

2 0 ml cf crude extract from 0—3 day old adults (1n a.

b roportlon of 200 mg flles per ml Trls‘HCI buffer; O 05 H, _;:“

_pH 7. 2). was’ loaded on a o 5 X 6‘0 cm- column contalnlng '
' ;Sepharose heads v1th attached dopamlne.lfmfdffd' | -
; Elutlon uaL performed Hlth Trls-HCl buffer, 0.05 H,;4_x .

.»

'"?pH 7 2, at room temperature. Enzyme actLVLty and proteln

djconcentratlon were determlned by the procedure descrlbed 1n _a'"

"Materlals and Methods.,_w“;

Enzyme act1v1ty

;g-i};;m;g_;,,. proteln concentratlon
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._TABtBQ“d.'Sunmary Qf pu:ificatibnjstepsgfbr"DAT. o

- Flnak\recovery Plnal purlflcatlon\‘

?dS:._d';' - x fold

;crude extfact | ~ff_‘ ‘d,ddﬁgg e »{*“d:j{c ,.‘xf,y
fﬁfannonlun sulfate fractdonatlo; ﬁ@d;‘?jfiflf ' (note 1)
. Sephadex G-200 eluate o 29 | 11 2/3 2 u(note 2y
,vdAfflnlty chronatography eluate i14_;-' 94/11 2_7 5(note 3):.

difﬁ crude extract Prepared frou 0-3 day old adults Has used [;}

f’ifor all steps.fﬁﬁ

'LNote 1) - 50 75% cut ini ek

;’5;;;Note 2)‘-‘peak fractions pooled
d“w«;ffNQte 3).--uac1 gradient elntion,,ud».
o peak fract1ons pooled. e

!
i
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-'tc _provide an 8a-fdldeUIificatien<with.a=receverjiof T4

%. Any attenpt to purlfy a large guantlty of the enzyle -

would he dlfflcult in the 1ight of the. lou recoverles but

- also to the Tnornous 512e of the afflnity colunn to’ be

Flgures 18 and 19 present the data fpon uhlch the

ulchaelis-uenten constants for both dopallne and acetyl

CoA vere calculated. Double rec1procal plots of 1/v vs  ;.,,;

1/s (Llneueaven-Burk determlnatlon) were nade fron Hhich

apparent K' ‘“Paune) and aPParent Km (acetyl CoA) uer.e

-calculated to be 2.7/ 1os n- and- 2. 5 / 105 Ty

H) Estlnatlon of tne nolecular welght. o~ S
The appa:e# nolecular uelght of DAT was deternined by
gel flltratlon and verlfled by sucrose gradient b
centrlfugatlon._As de;cnstrated by Andrews(1964, 1965),
the elutlon of protelns on Sephadex gels 1s largely '
deternlned by thelr nolecular ueight._rhe nolecular

welght of a proteln can be revealed hy gel flltration SR

'7 even vhen present in a crude extracg/ Therefore only a

31lple partlal purlflcatlon is necessary to obtaln

rellable results.“”:



Flgs. 18 and 19 Estlmatlon of apparent Km for dopamlne
and acetyl Co!. | |

v The enzyme klnetlcs of DAT follou the ulchaells-uenten

| equation for both substrates. dopamlne and acetyl CoA. Assay L~:
econdltlons vere such that for the Km of dopamlne, AcCoA uas.
:.kept at a constant concentratlon (Kn x 2) and the o
'concentratlon-of/dopamlne vas varled. For the determlnatlona.
;of the Kn for AcCoA,'the AcCoA concentratlon was varled
"'whlle dopamlne amount was kept constant (at Kn x 2) :
Concentratlons are expressed as molarltles 1n the assayii:f:

‘ mlxture A dlalyzed crude extract from 0—3 day old adults

-,

t_was used for these studles.

1
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.13

i_ A Sephadex column (1. 2 X 100 cn) was callbrated Hlth

>

1.0 to 3.0 mg of each of the follovlng standards*

1 7 X 10* - 2 ng used )

lnglobln (H,H;

4. 5 X 10‘ - 1 ng used)

= ovalbumin (M.W.

bovine serum albukin (M.W. = 6.7 X 104 < 1 ng*:

" used)

LI

, ‘.bovine ganna-glebulin (d.ﬁ..¥‘1.6‘x 405if 3 ng
used) ’ | vl - R E o ‘: Ry

All protein standards vere obtalned frou Slgla Chemical
Co., and: the ' nolecular welght values vere taken fron the 3!

fuuandbook of quchenlstry" 2nd edltzon, Che11Cal Rubber."
Thé‘partitien‘ceefficients of each-standard'as uell as |
DAT were calculated ‘by theprelatlonshlp KaV‘(Ve-Vo)/(Vt-"

-,VO), uhere Ve 1s the elutlon volune of the proteini
*1nvestlgated Vt is the total volune of the gel hed and

.,VO 1s the voxd volume. Kav ("K avallable") is related to

the nolecular uelght of the protelns (Laurent and o

| Klllander, 196&); Flgure 20 represents the.“ | ‘d

, chronthgraphlc proflles of the proteln standarde onl

’ Sephadex G-200. As 1llustrated 1n flgure 21, a linear‘

W«

‘relat;onshlp was observed uhen the Kav of ‘each Lndiv1dual

3

._prOteln standard was plotted against 1ts respect1VeAf~

: nolecular velght nn a seni—logarithllc scale. Fron 2 }gt'f;f‘

-



\'Fig;'20. Chromatographic behavior of DAT on;Sephadex G=200.

o

: ) ol ’ .
Proteins in amounts varying from 1 to 3 mg (see

text) were lqaded S§pafately qn,a;SephadeiACOluhn

(1.2 x 100 cm) . Elutibn bdffer'(Tfis¥HCl, O.OSVH. ph'7.2)
was prov1ded through a perlstaltlc punp at a rate of 10
hnl/hr. Proteln estlnatlons uere nade by the use of a UV
spectrophotoneter at 280 nm. DAT actlvlty was: measured as

_ descr1bed in uaterlals and uethods..
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Fig. 21. The relatiohship of Kav to noleculér_ueightf.

P
"

on Sephadex G-200. . \

_ The Kav (avallable) were neasured by the eguatlon"
Kav= (Ve 7 Vo)/(Vt - Vo) (Laurent and Klllander, 1960), Ve
belng the elutlon volune of a partlcnlar proteln, Ve the

total volune_pf»theggel and Vo the v01dqulu;e.
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N

dlfferent runs on G-200, the apparent molecular uelght of.d;-

DAT uas determlned to be 2. 7(+ or. = 0. 1) X 10‘ (fig. 21)
; The same- procedure Has repeated wmth Sephadex G- 150 (flg.v'

. 22 and 23) ‘and a molecular velght estlmatlon of 3 2 x 10’

e v

. was: made. N S
. a o e

Sucrose gradlent sedlmentatlons were performed

RN

laccordlng to uartln and Ames (1960) and the detalls are

prov1ded in the 1egend to frgure 2“ ..The molecular'dV.

- e

4,uelght estlmate obtaxned fron 2 runs uas 2 9(* or -0 2) xpr_,

"f"lO‘; 1q excellent agreement wlth the results fron the gel.?’ :

f.;flltratlon (flg. 25).,_ o



Pig. 22. Chrcmatographic behavior of DAT on' Sephadex G=150.°

 See 'l‘eg'epid.t“o=-1fig.:' 20.

N

y .
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. Fig. 23. The relationskip of Kav to molecular weight

‘lon sephadex G-150. . £~

‘See legeﬂdvtthigé 21~”  
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Ll

| fig.‘zh;Vsucrose gradieut,éedilenraiion'of:DAT.‘

Protelns 1n amounts of 2 ng were layered on a 4. 6 nl '

' sucrose gradlent 5 to 201) ahd centrlfuged at 40 000 RPH"

P R

‘dfor 18 hours 1n a Splnco SHSO 1 rotor. Fractlons were
collected by puncture at. the botton of the tuhe. Proteln ;
: deternlnatlou was done at 280 na in a Becknan DB UV S
spectrophotcneter.ih w S | “

5’0 nl cf crude extract, prepared by grlndlng QOO

_” adults 1n 2. 0 ll of Trls-HC1 buffer, uere further P“rlfxed;.i~\~” o

with- auuonxun sulfate fractronatlon before layering on the”fdff*jiky

_:sucrose gradlentQ DAT act1v1ty vas neasured as stated in lnpﬂf‘d"*l“

"'uaterlals and uethods. ;
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'Fig. 25. Estimation_of'the nolécularlueight of DAT from .

the sucrose sedimentation analysis.,

| The'eéiqulationg-weré éépforied as,stateéAby.Hartih~aha;

‘Ames (1960);. - o o B v‘ |

Distahces:sedinented ve&e~qalculatedlfron‘iheiiid‘pofug
df_theiiéjefeﬁ sanpie\to:thé nid-ﬁéint of the.péakvbffthe

 protein.
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. L ‘ ‘ $
o - T : R
Fig. 25. Estimation o the moie¢ular weight of DAM from
‘ z ’ |
the. sucrose spdimentation analysis.

»

S . . ' C ) .
The calculations were ,performed asﬁstated by’hartin and
: _ D= A _ . as -

b N

Ames (1960). ‘ _ .
Distances sedimented vwere calculated froa the mid-point
of the layered sample to the mid-foint of the peak of the

protein. < .
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CHAPTER" 4,

Biological and Gemetical Studies
L K ‘ . .
"A) Activity gf DAT duringndevelopnent , , v
N The DAT activity was measured in crude extracts prepared
| from dlfferent :Xages of developnent, from first 1nstar
o larvae to 10 day old adults. As 1llustrated in flgure 26,

J
enzyme act1v1ty Ancreased sharply durlng the late thl;h

1nstar, reached a. maximum at puparlatl'n and thenv.

decreased abruptly. A second 1ncrease egan just prlor .to

e01051on. The DAT actlvlty relalned rather hlgh 1n the_

adults, representlng about 2/3 of the naxlmum act1v1ty

present at puparlatlon,.

¥

B) Tlssue locallzatlon.

PR k4

Experlments vere: conducted to me asure the‘activity of DAT

PR

“in different tls s and qrgans of . p; oph;la . Thesev

’

experlments were performed on third 1nstar larvae- the
2

lOCatlon'Of DAT 1n tlseues,of adults-flles has hotpbeen.“

'attempted The flrst step in’ these\exper1Nents con51sted
.'of separatxng thetfﬁterlor organs fro- the cut;cle.,ﬂhlte
‘ puparla Bere s;1ced along the ventral lld line and the

1nterna1 organs were freed fron the body uall vxth {

| _scalpel. As rndlcated in. table 5, the spec1f1c actlvlty

@

87
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‘Fig} 26. DAT.activity'durihg deveiopient at 25°'C{\

e e - T . — <
- Insects at dlfferent stages of developmedt -Were used to

‘prepare\crude extracts in a proportlonrof 200-lg flles per -

’

.ol Trls~HCl buffer, 0. 05 u, pH 7. 2 The crude extracts vere

dlabyzed on.a 1.2 x 12 ca Sephadex\G-25 column prior to’

'assaylng.

¢

g Assay condltlons vere sxnllar to those descrlbed in

uaterlals and Hethods. Prg;eln deternlnatlon was by the

'method of Loury et al. (1951).

The age corresponds to tlme after €egg dep051tlon.

.
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-~

T A .
. ) DAT o Dopa decarboxylase
B ’ ; » . . ) ‘.- .
- . ~Spec. Activity & of total Spec. Act. % of total
(Unlts/mln/mg Activity um uoles/ZOlln( Activity .
,%‘. Frotein) - - R . mg proteln _ Y
T e . - h o ' , n vj . '
Tissue - % - o S P
. . ‘ ~ '} B ' .>‘4. ° : Y- A ¢
Guts and - . e T . o S ey
organs . -0081 -, - '81.8% . 7.219 . '32.6%
- Cuticle ., .0018 . 18.2% 14.90 o 6T.4%

.
13 .
. " - ‘ N *
-~ . M . . i _" L.

thte puparlum anlmals Here used, sliééd'in‘the-abddiinal-

portion and the 1n51de scraped out of the cutxcle. DAT
: - &
‘activity and proteln concentratlon vere: deterllned as

L

descrlbed in uaterlals and Hethods. The neasurenents of dopa
_ \

s

/-
//

Jdecarboxgiase Here perforled accordlng to Chen (1974).

3



wvas 5 tines as great in the inside organS'tbanﬁin;the ;
;cut{cle;—This‘uas-alsutprisingbobservation and ve felt
‘;,initiallj‘that the epiderlal cells had'been scraped fronu
the cutlcle. To deponstrate that this dld not occur, -
assays of dopa decarboxylase vere. carrxed out on the tvo’
\fractlons. The assays uere perforned accordlng to Chen
(1974) and these data (table 5) show’ clearly that 1n thlS
preparatlon dopa decarboxylase spec1f1c act1V1ty 1n the\l
‘.1n51de organs vas only 1/2 that in the cutlcular
fractlon. These experlnents forced us to accept the.
;tentat;ve conclu51on that DAT, unllke dopa decarboxylase

u_(Lunan and ultchell 1969 Chen, 197“) does not reslde in

'the epldermal cells. ' 'f{ﬁ

o
~ .

.The next step Has to deternlne the enzyne levels 1u

.n:a samplc of the. h&elOljlph The haelolynph of 34 thte

*fpuparla Has collected wlth an. elongated Pasteur pipette%
<after puncturlng the aninals. The relalning bodles vere -

| ground and DAT act1VLty leasured 1n both extracts. About

7 5 tlmes as much spec1f1c actlvlty as fOqu in the ,diu._
e 2N . .

bodles conpared to the haenblynph Portzon (Taﬁfeyéa). In AT

a nodlflcatlon of thls experlments, 30 anlnals uere L
?j ”fe';punctured at hoth extrelltles, sguee;ed gently 1n Trls- gfjf}~t
. ‘jHCl buffer contalnlng PTU (.001 H) and assayed. No

'act;zlty Was observed in the solutlon 1n uhlch the é'

.t'v .

T B A R O



In-a)nthé,hgenolynph;of

) punctured at ‘both
-contalnlug 10% glycerol.

'fperformed ag descrlbed 1n ﬂatehlals and uethods.ffy},

B -‘i | ‘.‘ N | , DN |
SR e T o sl
TABLE 6.,Der5téipation of DAT in tﬁe_haonolyuph.

N

’ [ ’ : ) . . ' 4 . /:,
: . sl " "DAT Specific Actlvity % of total
- PR K ‘nb o (UhltS/nln/lg proteln) . .Activity -
Y Hapnolymph R 0v0130. ‘ '\:i 11.7%
' Bodies and 1n51de é%gaug\/jb;OQQO T ™ Y 88.3%
'b)_Buffer and haenolymph : '10" . JIi_- -  ili O%,
'.Bodles S - . eom2 100%

4 uhlte puparla ueré collected and
diluted in a 15 riti
The remalnlng bodies were ground J.n the same bu‘fer.)
contalnlng 10% qucerol./ i;f,. .‘r'; |

In b) 30 u?1te pugirfa uere gently sgu7;zed éfter“bei;g:f:

t{enltles, 1n Tris=-HCl buffer, 0. 05 3,3 =

R pH 7 2. The remainlnb/éﬁdies uere ground xn thls butfer g

’ . . e 4 s

. In both a) and b) assays,an prote'n.deterllnatlon Here '

 1th Trls-HCl buffer, 0.05 M, ph 7.2, -
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‘~an1nals vere- punctured and sgueezed uhlle a spec1f1c
) actlvlty of 0. 0172 unlts/ng wet Helght/mln ¥Was: measured
in the punctured bodles (table 6b) . Flnally; 50 anllals,

at the uhité puparium Stage, uefewpunctured, placed in

: Tris-HCl bufferﬁlcovered vith sand and centrifuged at

,'9625 x{g for 15 mlnutes. The sand vas present to compress*

12

, tge an1nals‘under the centrlfugal force and to expel the

”haemolynph 1nto the supernatant. Here aga1n,«no aCt171ty

“Auas noticed in the supernatant thle a spec1f1c act1v1ty

' of 0 110 unlts/ng vet uelght/nln vas observed in the L
*\ -

o bodles. These experlnents exclude the p0551b111ty that

DAT 1s present in the haemolynph of ogophlla._-

R L

<o L ' .

In a thard serles of experQJents, 20 anlnals (whlte-"'
'puparla) were dlssected 1n Trls-HCl and the body Halls,_
_the nuscleS and 1nternal organs (excludxng he fat j“j.q
bodles) and the fat bodles were separated 1n three L
7'port10ns€?nd washed«uxth huffer? as sHown 1n table 1,
nearly as’ nuch actlvity uas found 1n the 1nternal organs o

.> ’1n the body walls,vhlle nearly no actlvity vaS"E:},:
.Q‘?detected 1n the fat bodles.tfffifhbiva;ﬁ_:{h _};'.;:.,;;_:m_v ;

i In these experlnents, 1t was partlcularl§ dlfflcult ftitlf
:eto det a "clean"vcutlcular fractlon ‘and nany nuscle | ’,Eifﬁﬁ"”
d7fragnents relalned attached to the bod; vall._To

_'C,“:\ S

3-,‘ L “
B
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TABLE 7. Distribution of DA'I; in tissues. - i
- y e
| s}\ oot . : ) - | . | ,‘ .o 4 g ’
4\ Tissue . 3@T Specific Activity . = - & of total
tA B - (Units/min/ng prorein)" " Activity
: . _ o o e} -
Cuticle . . 0200 e ’ 42.5%
. N “‘\ ‘(M{‘. . N ) - . .
Wash portion w0022 | S 4.7%
Fat bodies 0 0%
. e © N _ S
" . Wash portion ° .0019 - o 2.3%
‘organs and muscles : .OEOB' o 48.2%0
‘Wash portion . lo03s - . T o 7.4%

* .
.

20 uhlte puparla uere dlssected on 1ce in Trls—HC1 buffer,

\0 05 M, pH 7.4,‘the fat gsdles, organs and muscles separated

fron the cutlcle and washed vlth huffer to remove any enzyie"

that could haVe been present at the surface of the tlssue."ﬂ

“Enzym& act1v1ty and prote1 deterninatlon '95? Perisrned ?

descrlbed in uaterlalsjand uet




N

circuivent this'prohlen, the expegdnent' as repeated

.using Hhite puparla frOm §g£g_phag_ Qullata, uhlch are 50

/-
- 100 t1mes the 51fe of those from Drosophll « In thds

N

-cage«\nuscle fraguents can be renOVGdﬁzatlrely fron the

hedy vall. He observed that most of the DAT actlvity was

;

K3

- ”located in the nuscle layer, uh1ch is. closely attached to_

‘the cutlcle at that stage (table 8)._,
In contrast, the majorlty of the dopa decarboxylase L

act1v1ty was found 1n the cutlcle. Thls agaln Supports

e

_ ‘/the contentlon that DAT and dopa decarboxylase are

e

E /”ﬁE‘:
/ N

/
/

-4

located 1n dlfferent tlssues /hetfeel that these data

suggest that DAT ls located in oenocytes, large cells

1 51tuated betueen the cutlcular epldernal cells and the,3

/

muscle layer, Ln contrast to dopa decarboxylase uhlch 1s'
locatedxln the epldernal cells. The observatlon that dopa
decarboxylase act1v1ty uas found in the nuscle fractlon '

(table 8) can be explalned by contanlnatlon of this -“cf5

‘

fractlon by epldermal cells pulled away fron the cuticle

‘ durlng dlcsectlon.‘L

A R

/"‘ g C ‘. < . . . : [

v KA o .

'“"C) Genetlc 1nvestlgat10n on DAT.\.,

/-' '\" RC:RE T o
DAT act1v1ty in nutants.;'_"*

4

Abnornalltles 1n dopallne levels 1n the nutant ebon led g

_;,us to exanlne the DAT activxty in thls nutant and the

mutant black whose phenotype 1s ver} 51l£la - As ﬂound

!- e o : iy R St

. o
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TABLE 8. ﬁctivity'of DAT and dopa deca’rb'ox'ylase in

~various fissues of Sarcophaga bu;;
3 L /
~ ) K '
! _
Tissue A : - Spec1f1c Act1v1t

‘DAT. (upnits/ % of total Dopa - % of total’
rin/mg Prot) Activity decarbox. Actlvity
' i . . um-Moles/20mwin/
' mg protein .

a

a) cuticlé  .0036 - 8.1% @ 2,25  44.4%.

muscle  ..0333° 7458 . 2.65 53.0%
organs ~ .0078 . 17.4% - 0.14 - . g;Sx
b) cuticle’ 0 0%, ° . 3.16 0 . 52.1x
. _.“l‘ . 5 . C ' ‘v . o ) ) . ) . N
muscle 0257 [ 80.0% 2.62 43, 2%
~ organs = 0064, "' 20.0% 0.29 47%
e v - e,

. » .

Hthe puparla from Saggog_gg_ Q_;;ggg were dzssected in.
Trls-HCl buffer, 0. 05 u, pH 7 2 and DAT and dopa | |
decarboxylase act1v1ty,detbrn1ned 1n the dlfferent

fractlons. In a) the anllals had been kept at the vhlte

,puparlum stage at 4o ¢ for 5 days prlor to dlssectlon. In b)

fresh uhlte upana had been used DAT actlvity and proteln

§

7-determ1nat10n uere as descrlhéd‘in uaterials and Hethods._

- Dopa deCarboxylase act1v1ty Was neasured As descrlbed by
I
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‘black mﬂtant;'as'iligétrated in table 9. : -,

'DAT.- -

earlief by Hodgefts and Konopka‘(1973), no noticable

difference was measured between ell-mutants and Cantop-S

vild type flies at.pugai}etioh, The saie‘is true fo;/
’Howevet, in yodng‘a&hlqe.gb tq }% houréfi anly two-
thirds the ectivif;‘uas preseet innggggxnflies compated'
to the wild type;(Cadton-S),'whife-éliﬁhiiy lese thao
Haif,the nornal'activity Vasbmeasﬁ}ed'dn Q;ggg‘(teble 9);

Some dlSCUSSlon of these observatlons v1ll be glven 1n

|- . <
4

;the followlng chapter. B e . R

- II- Attenpfed locéliiationenf the strnctnrel gene‘fof

/‘,
£

-

K SN

'The correlatlon of a varlatlon in enzyne act1v1ty wlth a
-‘varlation in gene dosage has permltted the locallzatlon
 of several structural genes in ;gosopgi}ei(ﬂodgetts,:
.“1975' O'Brlen and Gethlann, 1972). A tech ology for

producxng a serles of non-overlapplng, contlguous

dupllcatlons has been developed 1n %;osophzlh (Llndsley

eet al, 1972),‘so that gene dosage effects can be studled
kthroughout v1rtually the entlte genone. Tﬁe procedure |
'e_used e 1nc1ud;ng %he de51gnat10n of the StOCkS,‘ls

g descrlbed by Hodgetts (1975). As the DAT act1v1ty 1s

'~_dependent on’ the stage of gevelopnent, allvthe flles used

"_-‘ff,' . L ‘o . . i S L ," v‘:‘, e

I
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TABLE 9. DAT activity in mutants.
~ : i : ' : .

)

P

. ;n X DAT aCtivity‘(units/lin/nglﬁet ueigyt)
| White puparia’ Yoﬁng adults (Of16hrs_old)
wild type (Canton-S) -0224 o L0161
" Zebony | 0207 . L0122
black , VL0197 - .0075

1

i

Crude. extracts wére prepareﬁ vith animals at the white
puparium and the adult stages ﬁy'grinding the ahinals in
‘Pris-Hcl bugfer, 0.05 4, pH 1- 2, conta1n1ng A0% glycerol.
The enzyme activity wa§ measured. as descrlgfd in uaterials:;

P

Q ’ T -~ " N )
and,ﬂethodg. . . | \ .

e



)

- g .

‘&
* for this study were collected in a 4 *hour perlod and aged

e

for 26 ¢ or. - 2 hours. This’ insures that the enzyme
activity 1s relatlvely high and écnstant (fig. 26). Where’
possable, 10 - 20 females vere choosen for. the DAT assay;
-In certain»cases honever, only 5‘01 6 fiies eclosed'
»during the 4 hour collectlon perlod HOHever,‘the |
'_'sens1t1V1ty of the assay is_such. that rellable data could
be collected under these‘c1rcumstances, The’ enzyumer
activitvaas always measured in 60p1icate extracts,and‘

' tuo SpectrOphotometric estimafes were'obtained for every

extract. The act1v1ty 1n the dupllcatlon-bearlng
'.ameup101ds vas then compared to that 1n 31b11ng eup101d

¢ -

sisters. In certaln cases uhere an- apparent dlfference |
(more‘tnan 20 %) exlsted betueen control and dup11Cat10ne
bearing flles, th;ee and sometlmes four measnrements vere
‘made,The results whieh_ane_shoun in figmre 275;ieou
imclude:tne_data (g;égh:omosomes.2'and\h'eollectedeby.}
Hodgetts-(personnel communication) Inhno‘region'Of'the
genome vas a 50 > 1ncrease 1n DAT act1V1ty assoc1ated
with a dupllcatlon.'90551ble explanatlons for this result~

Y

‘-"lll.be d;scussed in the f°;l°31591¢h&pter.a,f~ L



LSS

| Fig. 27. The response of DAT activity to inCteése'gene

'dqsage of the appropriate genotypes.
Flies were collected in a 4 hourrperlod and aged for 26“
+.0T -‘2 hours. In most cased 10 to 20 flies were collected
andFthen separated into two groups for preparatloh of crude
extracts. Tvc enzynés assays iere befforied forQeach’
extract, resultlng in at 1east a set of four DAT actlflty
measurements for everx sect10£ of the genone tested. - u\ ,///

* DAT act1vxty vas tested as desprlbed in uatquals and ;//

_Hethods, and act1v1ty per ng of wet Helght was calculated.;»
The ratio activity in aneuploxds/actlvxty:1n.euplo;dsfgas
deté;iined and anvavefage fbf.eQerf,seglent‘i§ Shoun.in the

fiqure.
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_ CHAPTER 5

[N

 DISCUSSION

AT
_ The preceedlng pages descrlbe some blochemlcal and
blologlcalaprOPertles of the’enzyne dopanlne acetyl
transferase. We have developed a spectrophotonetrlc assay \f
for the enzyme, thCh permlts a raprd determrnat;on of
enzyme activity. thle not as sen51t1Ve as the -~
radlometrlc assay descrlbed hy Devhurst (1972), 1t has
the advantage of belng s1npler.
N Although the enzyme is not partlcularly easy to

handle, reproduc1hle results can be ohtalned if neasures

are taken to mlnlllze denaturatlon. of these, the nost

hd -

1mportant vere the 1nclu51on of glycerol and albuq&n in
the extractlon buffets,Aand a short honogenlzatlén tlne.
. our attempts to, obtaln procédures by thch a. nurlflcation
:of the enzyne nlght be affedted were thwarted by lov f;:[hftv
recoverles If aff1n1ty chronatography was cgnblned vith ‘
ammonlul sulfate fractlonatlon and chronatography on .
f Sephadexc/a purlflcatlon cf ene hundred fold could he |
expected ulth a recovery of ahout 105.,The rather low
nolecular ielght of the enzyle (29 OOO)Jsuggests that
: another pur1f1cat10n procedure uhich separatis lolecules hg}f

el
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. on the basis ofxélze (eg preparatlve electroPhore51s)
':mlght be Quccessfully enployed Any attenpt to obtaln
large amounts of a hlghly purlfled enzyne wlll be 7
| dlfflCUlt unless some means to stablllze the enZyne.
durlng purlflcatlon is dlscovered o
A
' " The developnental proflle of DAT 1n gro ogh;l
'~_g;‘g_gg_t howed some 51n11ar1t1es to the dopa e
decarboxylase proflle ln)thls organ:sn (HcCalan et
* a1 1972 Lunan 8 ultchell 1969. Hodgetts,1975) and in
Sarcgghagg bu;;ata (Chen 1974), hav1ng peak act1§1t1es at
.leuparlatlon and at eclosxon. Hovever, laxlnun act1v1ty .}
.for dopa decarboxylase sl1ghtly preceeds peak act1v1ty
» for DAT, thlc dlfference belng more’ notlcable at adult

_ 1’
act1V1ty bccurs ]ust before energence of the adult fly

»eClOSlon. As Seen in flgure 28, dopa decarboxylase R@ak .4f

t\

T

and DAT. approxlnately one day after adult eclosion.ﬁ
viInterestlngly, the DAT act1v1ty relalns hlgh 1n adulffvift;;ng
zxgwhlle dopa décarboxylase aCthltY allost disaPPeérB | 1-1 o
ffshortly after energence. Thls hzgh level of DAT actlvlty  ;‘
' ‘1m adults could result fron the fact that‘DAT is speciflc

'j,not only for dopallne, but also for tyrallne and

.7serotonln (Karlson 8 Alnon,1963 Deuhurst et al, 1972)

. "{N-acetylatlon could be an 1nportant lechanlsw for

vg;wdegradatlon of catecholanlnes, thch lay functlon as



v
'Fig. 28. DAT and dopa decarboxylase developmental ‘profiles.
The data for DAI'are téken from figure 26.
Dopa decéfboiylase(data were adapted from ucCaman'(1972);
-——-O—'—"' -,DBT‘
— A Dopa-decarbéxyras
: S .

. '., .



' S 105
‘DOpa decarboxylase Act}vityv(u Moles/g protein/Hr. - |
| C o McCiman et al, 1972.) ‘
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. . " \
‘neurotranSIlfters in 1nsects (Oestlund 1954. uolinoff 8

Axelrod 1971). In fact, -t WO enzynes 1nvolved in
acetylchol&ne metabollsn, chollne acetyl'transferase'and
acetylfchollnesterase reach ‘their naxlnum act1v;t1es 8-30
vhours aftgr adult energence 1n Q;osoghiia (Deuhurst et

al, 1970). Since DAT also peaks durlng thlS time, its -

--:1nvof‘ent in the netabollsn of neurogen;c catecholaztﬁbs o

i‘ls p0551ble. 0bv1ously,.further-vork uould-have to be"
undertaken to clar1fy thls p01nt Hovever, 1f ;arge :
~ amounts of tyramlne and/or serotonln are present after
| adult ecloszon, these substrates uould COnpete u1th |
h: dopallne for the enzyne. The transforlatlon of dopamlne.
 uould be reduced as a conseguence, whlch could contrlbute
| to the relat1vely hrgh level of dopanlne prqsent after :

.fec1051on (Hodgetts and Konopka,1973).

Ar ,/Qie further p01nt vorth conlenting upon/éan be nade
Hlt

ference to fxgure 28. As delonstrated by Hodgetts"

' and Ch01 (1974), the doyanlne level is hlgh at ‘
ihgyparlatlon and 1ow at ecloszon, vhxch is con51stent Ulth
;_the proflle of DAT act1v1ty._Ihls 1s th basis for the

i_‘argunent by these authors that, at eclosion, hardenlng 1n

-P

l.;part occurs by the 1ncorporat10n 1nto the cutlcle of -

'ilndole qulnones derlved fron the accunulation of d’,_FT}a[VyQ
Jeta- !

e *
,_dopanlne. Exce351ve nelanlzatlon 1s prevented by

L

D 4

<
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y 3

alanine thch is postulated to form hrldges betueen the
_1ndole qulnones, thus mlnLnlzlng the nulber of bonds
between the 1ndole gulnones thenselves. 1f beta-alanine  :

o

metabollsn 1s abnornal, as. 1n the nutant hlack, dark body

N )

.”~Ttt1ter 1n Call.EhQSQ e.l&hxgceg Ala (Shaaya 8 i'f’ﬁffi”

»phenotypes are ob rved. At puparlatlon, by contrast,

-1ndole gulnone fornatlon neVer occurs due to . the~, |
‘;‘malntenance of lov dopallne levels through N-acetylation.
Thus not ‘even’ the potentlal for exce551ve nelanlzatlog |
GXlStS at puparlatlon, 1n contrast to eclosion at whlch
'ftlme dopamlne levels are by conparison very hlgh. Failure o

e

- to detect uutants ulth black puparia 18 CODSlStent vith % '

;these nOthnS. Another explanatlon of the fornatxon of ak
‘llght hroun adult cutlcle under condltlons Hhere the:
"oxldatlon of the &atge reservozr of dopan;ne uould lead

to- ielanln formatlon is éo851ble. As p01nted out by Lunan
M'é ultchell (1969),vdopam1ne could eventually be
transforned 1nto 3 4. dlhydroxy-phenyl acetlc uh;ch vould
:‘”behave as N-acetyl dopanlne, fornlng broun pxglents upon ; -

flncorporatlon 1nto<the cut1cle. The acetylatlon step

would thus be bypassed and th1s uould explaln the?

' J“xtaPOSlng the actlvitY PIOfile for DAT 1n‘f :@Q;ﬁoff.fﬁ"

'f_gosoE la; ne; og_st upon the proflle of the ecdysone



'5f~DAT) do not so respond at another stage of developlent,.

108

Karlson 1965)'and correcting for the difference.in the "

" time ofvdevelopnent}fas‘shOHn in3figure 29i-reveals7

several 1nterect1ng facts (unfortunately, exten51ve data

on ecdysone levels in Dr0§ o _la are not avaxlable, but

S 3

data collected (Frlstron et al, 1974) are consxstent Hlth

'_the Call_ghora data as far as they go). fhe hlgh tlter of

;ecdysone at puparlatlon nay be responsible for the

expresslon of DAT at this trne, in luch the same way as’

the hornone 1nduces dopa decarboxylase act1v1ty._However, T Q

~ the cla1n has been made that DAT activ1ty is’ not 1nduced |
'by 1nject10n of the hormone 1nto 11gated larvae of

‘h:CQ__lghgra (Karlson & Annon,1963). In v1ev of our
}obserVatlons that the enzyne 1s located in the oenocytee,

,1t would be 1nterest1ng to see if the DAT activrty

),

s

~cond1t10ns Hhere dopa decarboxylase 1s 1nduced

(Chen, 1974). ,'

S

No enzyne act1v1t1es assocrated Hlth sclerotlzatlon

fcan he correlated thh the peak of ecdysone found durlng

*Hence,'tlssues uh1ch responded to the horlone at

'ghpuparlatlon by produc1ng dopa decarboxylase (and poss1bly

TR

.”appears in 1naginal dlSCS cultured Hlth eCdysone under:‘_‘“

»ﬂ}the pharate adult stage. At thts tlne, adult cutitle 15 ?f;;ﬁ7"

3$eCreted but 1t 15 not sclerotized hntrl after eclosion.:‘jg.'

{ ey
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Call_phora.. S

. The éétivity prbfile fbr DAT éés detérﬁiﬂed at various
developmental age 1n prosoghllg gg;ggggg§t er. ASsay

Sie
#

: \ -
condltloné were 51mllar to those descrlbed 1n Haterlals and
_Methods. S T - "i

Ecdysone tlter was- adapted from Shaax§ﬁz Karlson (1965)

'and corrected fo; dlfferences 1n tlme of d 1opment fc; E

—_————rl e -

 be1ng the pc1nts of comparlson.»
. B
S ——o—— DaT

. . _‘A‘ . . ] ) \‘. :. R R
____‘,______. 'E?dyso_ne,' I

o
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The’ho;none uay‘initiate some events du;ing_this Ehatatef'\i
adulgﬁperiod, whicd ate_preccuditiods‘for.the expregSion
of the cuticular enzymes at eclesion. A'aechaniSl ;hich N
feadilx suggests itself is the t;an:¥%;ion of;a "masked" .
nessenéer produced;at the earlier time dnder the action'
of ecdysone. Alternatlvely, bur51con could play a role in
tne appearance of the cutlcular enzymes at eclos1on. This
hormone is knovn to be an»actlve mediator in the tannlng

~

"prccess in various 1nsects (Fraenkel & H51ao,1965 Mills
's oihltehead 1976). - - j X s
A rather surprlzlng flnding of tﬁis ‘thesis was the
observation that DAT wvas absent fron the epldernal.cells,gf

51nce the enzyme p;eceedlng DAT 1n the sclerot?zatlon‘

' pathvay, dopa decarboxylase, has been shown to be. located
'malnly.ln the eplderlal cells in §arcophaga bullatadd‘
n(Lhen 1974), and Drosﬁg_lla (Lunan 8 Hltchell 1969)._
buoreover, the haemolynph shoued no. enzyne act1v1ty whlle

o

?ftat bodles contalned only mlnllal anount of DAT.

' avfﬁsihc-s g_;g__g_ bullata . because of éﬁelr large -
size; it wasuéosslble to dlssect ont the luscles and the
.‘epldernal cells and to delonstrate that lost of the DAT .\;@%f‘f
lact1v1ty Has present 1n the nuscle ftactlon uhlle a good % T
ﬁ”propg%tlon of dopa decarboxylase vas 1n the eplderlal |

Ly
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cells. Coneidering the cytological aspect of the cuticle

o, and its 1mmed1ate surroundings, Ve hypothetlzed that the

U, DAT could be 1ocated in the oenocytes large cells/,

Iy
?flgﬁh'sandwlcbed betveen the- cuticular epldermal cells and the.

A\l

P muscle 1ayer. In the dlssectlon process, it 1s likely
§§§n that these cells vere pulled out with the muscle layer,

: thus explalnlng our/flndlng_that_lost of the DAT activity
ié%ﬁresided in the muscle £ortion. Oenocytes are 1arge‘cells‘
and probably fraglle, thch would account for the ease
| with which the enzyne was. llberated 1nto solutlon upon

grlndlng. It 1s surprlzlng, though, to flnd such two
‘l'closely related~enzynes . DAT_and dopa decar?oxylase,_in
adjacentdhutﬁdistinct and’differént-tissues;”usually,:’
enzymes 1nvolved in- the sagg blochellcal pathuay Hlll be
ilOCated in the sane cells and tzssues (Bernhard 1968)
,However, a deflnlte locallzatlon of these enzyles has not}fi
heenwconpleted yet and to resolve thls problen, nore'
elahorate technlgues offerlng hzgher resolutlon should bei?
used for exanple, 1nnungfluorescence Hlth antlhodles
spec1f1c to DAT or. hlstochenlcal stalnlng.- | |
| Desplte the fact thatqthe act;vity‘gf aany genes ln‘,“
_rgg_ghila _; g_g;_; 1s sensxtlve to gene dosage (see-hﬁ
Hodgetts 1915 for references), we vere unable to --';/x

denonstrate that DAT activity responded to an 1ncrease 1n.\2

!
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contaln poly

gene dosage. Ft is possible that the loCusvlies in the

~_tr1plo-letha1 reglon, 82C- 83EF. Alternatlvely, more than

A}

‘one region of the genonme could be respon81ble for the

enzyme act1v1ty. For exanple,lf an activator is regulred

in’ stoachlouetrlc amounts for the expre551on of DAT, the

_enzyme act1v1ty will not respond to gene dosage 1f the

locus for the activator is not"near the StrUCtUralfgene.”
Y

_uoreover, as p01dted out by 0O Brlen and Gethlann (1973),.

‘the ~gene 1nvestlgated ‘has to be nuc;;!f‘81nce for a

ultochondrlal enzyme, the rate linlting step in enzyle

act1v1ty right not be gene dosage hut the nunber of
] ,

-m1t0Ch0DdI1&l sites of enzyne act;on; Flnally, oenoeyteS»‘5

nized chtohdzoiee'andfthe.degree‘of

polyteny fo: the varlous chronosones fraglents 1n the

aneuploid may not be the sane, thus confusing the gene

fdosage relat1onsh1p betueen aneuplold and- eu9101ds.‘f

- )A

These genetlc results were dlsapp01nt1ng 1n that the

development of DAT as a ‘new gene-enzyle systel 1n

R .g-_.‘
Dr0599g11g » a major goal of th1s thesis, Vas not

.-forthCOllng. HOuever, we feel that ;g vitro developlent

-of a rellable and relatlvely 51lple assay for thls enzyne 77‘

(

=w111 allou others to pursue these ftudies and perhaps 3“

;further clarlfy the role of DAT in the sclerqtlzataon L

T

process. '
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