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vi’u usinio hivdr’i ixvlase: cromss-roactivitv st tidies with other pterin-dePefldeult hvdl’omX\’l-

ases. .lJoI. P/iacinw’ol. 9, 438-444 (1973).

A sj moo’dic am it isi morn lu I miu’ified bo iviume adrenal t �ro sine hvdroxvlase was Imr’oduco(l in

sheep. Eiizvmiio inihiihitiiin studies and agar double-immunodiffusion reactioins reveal(d

oxtensive cross-riactivity h(tween the antiserum arid tyromsine hydroxylases from bovine,

mat, mi inkev, timid rabbit adrenal glands, as woll as from bovine caudate and human pheo-

o’Imu’uumoevtomnia. The spociheitv of the at1tiseruul� was demonstrated by the lack oif in-

hiibitii In! i lmhemlylalamiinie livdr’oxvlase, tr’vptomphaui liydu’oixylase, dopamine �-hydroxylase,

aurol t\’rI)sintasl.

I x’I’uioI)UcTn ON

flare are maniv indit’at ions that the

physiological conitru ml oif catecholamine bio-
synthesis is exerted at the first, and l)re-

suimably i’ate-limiting, step in the Patil\Vt1Y,

i.e., the reaction catalyzod by tyrosine

hvdrox\’lase (1-3). A wide variety of I)hlar-

niaoological a ml hormonal manipulations

apPeal’ to alt-or the catalytic activity and

per’ha�)s tile tul’Ilo)Vor rate of this enzyme
(4-ti).

Experieuice with tither enzymes suggested

that th( availability of specific antibodies

tom tvro)sille hvdroxvlase would be an in-

valuable tuio)1 in the further studies omf the

physiological regulation of the enzyme and

the related question of its intracellular

locahizationi. With this end mm mind, w’e have,

by disc gel electrophoresis, prepared highly

purified bovine adrenal tyrosiume hydroxylase
and used this pt.oParatioin tom induce the

formation oif sj ieeilic ant iboidios to the

iiydroxviase.

This report describes the preparation omf a

specific antiserum to) bovine adrenal tyrosine
hvdroxvlase and its interaction wit-h several

other tyrosine hydroxylases, as well as with

other pteriui-dependent. hyclroxylases.

\I ETHODS

_hJa-lei’ials. Flighiy purified momuse mela-

nouna tyrosinase, 12 units,: ml (0.24 mg/mI),

was a generous gift of I)r. Seymour Pome-

rantz, Department of Biochemistry, Uni-

versity of Maryland School of Medicine,

Baltimore. Two samples of human pheo-

chromocvt oma tissue were kindly provided

by Dr. Norman Weiner, 1)epartment of
Pharmacology, University of Colorado

School of Medicine, Denver. Frozen monkey

and rabbit adrenal glands were purchased

from Pel-Freez Biologicals, Inc.

[3 , 5-3Hji�-Tyromsine (specific activity, 30.6

Ci �mmole) was purchased from New Eng-

land Nuclear Corporat ion and purified prior

to use (7). Complete l”reund’s adjuvant was
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l)urclmas(d froim Difco. Catalase and glucose
6-pho isphat c’ (lehydrogenase �v(’re purchlas((l

fronl C. I’. Boehringer und Soehumt. All other

chemicals were obtained from standard
coimmercial sources.

Preparation of tissues and enzyme assays.

Highly purified (85% pure) rat liver phenyl-

alaumine hydroxylase was prepared and as-

sayed as previoiusly described (8, 9). Tyrosine

formation wis measured cit her spectropho-

tometrically or fluorometrically by the
nltro)sonapht-hol method (10).

The intracellular locahizat ion o if bo ivine
adrenal tyrosine hydroxylase has nt it been
well established, since it is j)resellt mm both

time supernatant and particulate fractions of

homogenates (4). Particulate bovine adrenal

tyromsine hydroxylase can be solubihized by

treatment with chymotrypsium (11), and both

solubihized and soluble preparations were

used in this study. Solubilized bovine adrenal

tyro isine hydroxylase was prePared accord-

ing to tIme method of Shiman et al. (11).

Soluble boviume adrenal tvrosine hydroxylase

w’as prepared according to the method of

Nagatsu et a!. (12). Bovine caudate tyrosine

Imydroxylase was j)urifled 30-fold.’ All tither

tyrosine hydroxylases were i)repared at

0-4#{176}as follows. All tissues were finely minced

and then thoroughly homogemzed with glass

Duall homogenizers in 10 volumes 0.02 M

potassium phosphate, pH 7.0. The homoge-

nates were centrifuged at 40,000 X g for 30
mm, and the SuI)erflataflt fraction was

decanted and made 80% saturated with

respect to) ammomnium sulfate by the addi-

tion of cold saturated ammonium sulfate,

pH 6.8. After equilibration, the mixtures

were centrifuged at 15,000 X q for 15 mm,
the supernatant fractions were discarded,

and the pellets were dissolved in 1-2 volumes

(w’ith respect to) origiumal tissue weight) of

0.02 M potassium I)hoSPhat(’, pH 7.0. This

procedure effectively eliminated all tyrosine

hydroxylase inhibitors, principally catechols,

and preserved umearly all the enzymatic
activity. Tyrosine hydroxylase activity was

assayed by the tritium release method as

used in this labomratory (7). All incubations

were carried out at 37#{176}ftmr 15 mimi.

Ilabbit hiiitil bu’ain tryptophiani liy(lu’( ixylase

was l)urifiedl I 0-fomld aiitl tisst\’e(l as Pl’e-

viouslv describod (13). ‘flit t�’r’iisiuie-hv-

dromxyhating (tm�)acity and time (l(il)a(hromn)o’
fornation (cresolase aul(l oatechmomlase f’uimo-

tions) of nvmuse nolanomna tyro)siniaso wore

nieasured ae(o)rdiuig to t ho I mr’orot duu’es

d(’scribedl by Pom(r’au!tz auid Li (14). l)oipa-

nlinme 3-hy(lr(mxylast’ aotivity an(1 oat alase

activity ��ei’t’ assavod a(’ct mr(hinlg t i i

vioiusly pllbliSlie(I j)romoo(hlnr’(s ( 1 ‘i, I ti).

I�reparat ion oj a ii i i(/(’fl (1 11 (1 mr in a it 1ZUI ion

schedule. Prhmr to uso as ant anitigemi, hrighl�’

pturified, somlubilize(l boivine adrenal tyr’orsino’
imydroxylase (II) was further jmrifitd by gel

eloctromphoresis ossenmtially as describod for

the purificatiomui of rat hivtr pheniylalanine
Imydroxylase (17). Abonit 200 �g ti! tlio imy-

droxvhase fraction (40-6(Y�, amnltinium

sulfate fract-iomn aft or t ho subst it tnto’(l Sepha -

rose step), specific activity, 22 nimoles of

tritiated w’ater (THO) formed per minuto’ pir
milligram of l)t’tmttimi, were routinrohv aI)phied

to each gel; tyrtmsinio’ hnydroxylase activity

w’as localized oiii a sample gol in each run by

cuttinmg one gel irmtom 2.5-mm slices and assay-

ing for tyrosiumo hydro mxylase activity, whichi

was always found bet woerm rohative mobilities

of 0.62 and 0.67. Tiit purity tif the tyrosine

hydroxylasc was also established by staining

one go! ovo’rnight wit in either Amido black or
Coomassie brilliant bltne aumd destainirmg, as

l)reViomt1sh�’ described (ii). Time results of
thmeso stu(lies always sh(i\v(’d t )ullv ow’ baud

with a relative mtibihity greater tlmaum 0.60

and tinily t\V() very minmor ones betweoui 0.50

and! 0.60. TI relative isoilationi of tht

tyrosiume lmydrmxylase band uuider these commdi-

tions facilitatt’d removal of the auitigen

\\‘itil(Mtt (‘omntaminatiomui. It-it’ the initial aml(1

booster immunmizatiouns, 20-25 gels were run

arid! time 2.5-SO-mm section cont-ainnmg

tyrosinm(’ lmydroxylase was cut out of eacim gel.

These sections (containing 0.5-1.0 mg of

tyrosino hiydnmxylaso pro )teini in all) were
pomoiled, Imomorgeniized iii 2.0 unl of 0.02 �r

Tris-HCI, pH 7.0, iii tint (‘0)1(1, and emulsiliod

with 2.0 uiil of l”r’etnnid’s ad�tnvauit I�ril’ to

injectio in.

_Aftt’r colnltn’oll sou’tnn) had been obtained,

the (nnnulsifit(1 gel Pu’eliat’atitmni was iumjected

intraniinscinlarlv at ti nnr sitos iuitom a shooji.
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Five booster immumzations were prepared

arid administered at 4-6-week intervals in a
fashion identical with the original immuniza-

tion. Six days after the final injection, .00

ml of serum were obtained arid stored in

aliquots at - 20#{176}.Double-immunodiffusion

studies wore performed as previously de-

scribed (17). Protein was determined by the

procedure oif Lowry et a!. (18) with bovine

serum albumin as the standard. Preliminary
incubation of enzymes with serum was car-

ried out essentially as previously described
(17). The quantity of enzyme to be assayed

was added to) a series of test tubes, containing
zero and increasing amounts of antiserum.

Control serum was added so t-hat all tubes
would contain the same amount of serum.

The tubes were incubated for 2-4 hr at 4#{176}.
Since the amount of precipitating complex

formed in the activity-inhibition studies

was totm small to �ee after centrifugation, no

attempts to remove it were made before the

assay was begun.

RESULTS

Presence and specificity of antiserum. In

the double-diffusion studies described below,

serial dilutions were made of tyrosine

hydroxylase-directed antiserum and of all
the antigens examined for cross-reactivity.

In double-diffusion reactions the control

serum (Fig. 1A) and the antiserum (Fig.

JB) were tested against partially purified

bovine adrenal tyrosine hydroxylase, an
extract of bovine adrenal medulla, crude rat

adrenal tyrosine hydroxylase, crude monkey
adrenal tyrosine hydroxylase, highly purified

mouse melanoma tyrosinase, and highly

purified bovine adrenal dopamine �3-hydrox-

ylase. A single precipitin line was observed-

against the tyrosine hydroxylases, and none
was observed against the other hydroxylases.

Only a single precipitin line was observed

toward an extract of bovine adrenal medulla.

This finding indicates that the antiserum is
highly specific for tyrosine hydroxylase and

that t-here are no other cross-reacting pro-
teins in this tissue. The control serum plate

is included in Fig. 1 to demonstrate a slight

cloudiness around the serum-containing

center well, which apparently was due to

nonspecific precipitation of serum proteins

in the gel and was always observed with
both the control and immune sera used in
this study. Attempts to avoid this slight haze

by dialysis omf the sera, equilibrationi with the

Fiu - 1 A gar gel double-unin U nodiffuswn reactions

The center well of Fig 1A cuuiitainieol 10 M’ of control serunu arl(I the center well omf Fig lB comntained

10 ,�l of antiserum. The peripheral wells of both plates were filled as follomws: 12 o’clock, 10 � of partially

purifleol soluhilized boviume adrenal tyrosinie hydroxylase (004 mg); 2 o’clock, 10 /hIof crude rat adrenal

tyrosine hydroxylrmse (0.17 rllg); 4 ui’clurck, 10 �l of crude monkey adremmal tyrosine hydroxylase (0.38
mug); 6 o’clock, 10 �l of bovimme adrenal mmedunlla extract (0.67 mg); 8 o’clock, 3 �rl of highly purified bovine
adrenal olopamine �1-hvolrimxylase (002 mug) and 7 j�l of 0.9% NaCl; 10 o’clock, 4 �1 of highly purified

mouse mnelancmma tvromsirie (005 mug) ammo! 6 /21 of 0.9% NaCl The l)lateS were developed for 30 hr at 40�
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FIG. 2. Quantitative precipitin curve

Increasing amounts of either tyrosine hydroxyl-

ase preparation were added to 200 �rl of antiserum,

amid the mixtures were incubated for 36 hr at 4#{176}.

The precipitates were recovered by centrifugation

and washed three times with 2.0 ml of cold 0.9%

NaCh. The antigen-antibody complex protein was

determimmed by the method of Lowry ci at. (18).

diffusion gel buffer, or fractionation of time
y-globulins were all unsuccessful, although
the intensity of the haze varied somewhat

from plate to plate. Further double-diffusion

reactions against all other tyrosine hy-
droxylases studied also showed a single line

of identity. In contrast, all the other enzymes

which were found to have no demonstrable

cross-reactivity by hydroxylase activity

measurements also produced no precipitin

lirmes against the antiserum. The nonreacting

enzymes were always diluted to ensure that

the antigen was not present in excess of the

specific antibodies. Time relatively light

precipitin lines shown in Fig. lB indicate

that the anti-tyrosine hydroxylase titer of

the antiserum is low.

Quantitative precipitin analysis of the
antiserum was performed with partially

purified, solubilized bovine adrenal tyrosine
hvdroxvlase and with Partially Purified

L�1 - �

25 50 00 50 200 250

�I ANTISERUM

FIG. 3. Effect of antiserum on acIiviii� of three

iyrosine hydroxylases

The following amounts of the three enzyme

l)reparations used were incubated, as desuribed in
METHODS, with the indicated volumes of antiseruuu

and therm assayed for tyrosine hydroxylase activ-

ity (control activity, expressed as nanonmoles of

tritiated water (THO) released, issimown in pareni-

theses): bovine caudate tyrosine hydroxylase,
0.28 mg (1.90); soluble bovimme adrenal tyrosine

hydroxylase, 0.10 mg (1.95); solubilized bovine

adrenal tyrosine hydroxylase, 0.010 mug (2.04).

bovine caudate tyrosine hydroxylase. The
results, shown in Fig. 2, demonstrate rela-
tively sharp precipitin curves for both

antigens and are consistent with the exis-
tence of specific antibodies to a pure antigen;

the antibody content of the antiserum was
calculated to be about 0.20 mg/mI.

Enzynee inhibiti#{252}n a-nd cross-reaclirily

studies with antiserum. Time dose-dependent

inhibition of three bovine tyrosine hydrox-
ylases by the antiserum is shown in Fig. 3.
The amounts of soluble and solubilized

bovine adrenal tyrosine hydroxylase used in

this experiment were adjusted so that time

tyrosine hydroxylase activities in the control

tubes were very similar. Time titration curves

of enzyme activity with respect to antiserum



Effect of aiutiseruunu on (utility of a series of tyrosr-urc h.ydrox!/ia.ses

All assays a-rid emizvnimt lmr(lmmnraI ii uris were perfrrnmimed as (lesorilmed in, METHODS. Tine activity uif the
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(1.95 100 36 24 iS

shomwii inn Fig. 3 are nearly identical, sug-

gestive of very similar anitigemc sites (inn the

t\vur foirms of bovinme adrenal tvrosinme hy-

droxylase. Although timo momleculan’ size of

s iluhle bovinme adrouma 1 t � )siume hydroxylase

has been reported to bo abtiut 4 times timat of

tho tyrpsinm-digested enzyme, nmterpretatn in

o)f these data is o’onnphcated by time tenmdoncy

(if the solublo emmzvmo’ to form macro)-

mo mlecu lan’ aggn’ogat es, a r perty not shan’ed

by thmo tnypsin-digosted enzyme (19). It is

possible, timerefuire, timat the size of the sub-
units of the umative enzyme is not significanmt-ly
different from that (if the solubihized enzyme.

Cross-reactivity betweeni several oitlmer

\‘n )Slllt hnydroxylast’s and tither enizvnmes

invoilvod in biologically active amine bio-

synithosis was studied! by (lomuble-diffusio rum

and enzvmat ic metlmods. TI inhibitit inn

of onizymat ic act ivitv omf seven tyroisimne

hydromxylasos by timo antiserum is I)rosoumttd

in Table 1 . Itt geimeral, a typical do ise-do-

peui(lemmt extent of inimibition was s’erm, except

iui timo case of the rat adreniai tvrosinme hmy-

(lroixylast, mi which time howtst amounits of

antiserum ha(l already effected nearly comm-

pletti inihnibitionm.
In addit joint to, tIne tyrrisimno lnydi’omxvlascs,

crt)ss-I’tactivity bet�veeui t lit anit isernnm �iiid

the following enzymes was studied: rat liver

phienyhahanine hydroxylase, boviime adrenal
dopa minme �3-hydroxyIase, nmmouse melanoma
tyromsinase (both cresolase and catechmolase
activities), rabbit hind brain tryptophman
hydroxvlase, and catalase. Where croiss-

reactivity was thought, a priori, to be likely

(phiennylalaninie hydroxylase, tryptophan hmy-
droxylase, and tyrosinmase), enmzyme assays

and double-diffusion studies were performed

with a series of enzyme samples whmich were

diluted over a 10-fold range against a series of

antiserum samples which were diluted over a
lOO-fomld ratmge in aim attempt to demonstrate
(‘ross-reactivity. �\O inhibitio in of onzymatic

activity was observod, nor were any Pre-

o’ipitin hines to any omf time aboiive eumzynmes
dotooted with aimv amomunt of aimtiserunm.

DISCUSSION

Ihroughm tIme use of g(h electropimoresis we

have prepared t vro isine hvdroxvlaso’ of

sufficient purity to elicit a nmoderate titer of

t vrt )siume hydroxvlase-directed antibody in

shotp strum. This antiserum imas been showim
to bo highly specific since it interacts, by

bomth euizymatic anid immunological criteria,

with othmor tyrosiumo hvdroxylases, hut not

with, orthor enzv�ws iunvolvcd inn biologically

T�nuu.E 1

Srultiiylt lorvnnio atironial tvr-uisinio h�-

olrrixylase, 0.20 mnig

Srulinlmniiztrl liovnniearlrtnial tvnrusinio liv-

ulroxvlase , 0.02 ring

Br uvn mit cairo late t v ri si nit liv, I mu xvi misc,

0.25 rug

Uat aulrtnial I \ri sn nit livulru uxvhase , 0.24

ring

I Imimnani imirturoliruimnuroyl uunsa I vmosimie

hvulruixvlaso, 0.12 rug

I alibi I nil ut m al t yr � mit lrv in-u uxvl mist,

0.29 mnmg

\li unrke� aol trial Iyr-u us, no livi mu uxvlase

0.94 rug
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active amine syiithiesis. Although atm earlier

report described time product-ion oif antiserunm

toj a partially purified tyrosiime imydroxylase

(20), neitimer the specificity no)r time 1)urit�T

of time antibodies thus produced was evalu-

ated. The antiserum described in this report
has beeni shown to) react with soluble and

particulate bovine adrenal tyrosine imydrox-
lases, as well as with tyrosinme lmydromxylases

from bovine caudate anmd rat, rabbit.
monkey, and human adretmals. This (xt oussive

interspecies and organ cross-reactivity amid

anmtigenic identity strongly suggest (lose

structural similarity, if not idenmtity, anmimnig

time mammalian tyrosme Imydroxylasos,

The present finding that time chynmo-

tn’ypsin-solubihzed and time soluble ho wine

adrenal tyrosine hydroxylases are i uimnmuno -

li rgicallv indistinguishable demonstrat � not

onmly that time protease treatment- does imot

significantly change time catalytic pro)perties

orf the enzyme (11), but also that its atmtigenmic

determinanits are unaltered.

Our previous study (17) denmoimstrated

that the highly specific antiserum to pure

rat liver phenylalanine hydroxylase did

maimifest some cross-reactivity toward ty-

rosirme hydroxylases from both bovine

adrenal medulla and rat braiim. Although
precipitat iimg antigen-antibody coniplexes
were not observed, cross-reactivity was
detected by antibody immimibition of time

hydroxylase activity. mi contrast, our

present study has shown that tyrositme
hydroxvlase-directed antibody imas abs( r-

lutely no cross-reactivity toward rat liver
pimenmylalaninme hydroxylase.

We included tyromsinase in our study of time

specificity of time antiserum because it is

known that the first step in time conversion

of tyrosme to mehanini catalyzed by tyroi-

simmase is the hydroxylation of tyrosine to

dopa; i.e., tyrosinase imas a tyrosme hy-

droxylase-like activity. Timis partial overlap

of catalytic activities between tyrosine

hydroxylase and tyrosirmase suggests timat

the two enzymes might have evolved fronm

a common protein precursor. Our negative

cross-reactivity results mdi cat-c that event

if time two enzymes were once related, th(

mammahaum enmzymes are now struct urallv

dissimilar.

Although a higher antibody titer is

desirable, and can undoubtedly be raised by

subsequent booster immunizatioim, time pres-

entlv described aimt-iserum is sufficiently

potent to carry out a number of further bio-

chmemical invest igat.ioims. Preliminary in -

vestigationms in this laboratory Imave sho iwmm

that time antiserum can be used for purifyiung

diverse tyro )Si ne hydroxvlases.

Timis specific anmtiserum should als(m proive

valuable in carrying out both regiomnal ammd

iimtracelluhar loicalization studies of tyrosine

hydroxylase, similar to tImose already re-

l)orted for dopamimme f3-hmydroxylase (21
22). Finally, in view of its widely imtld role

as the rate-lium�itiimg enmzynmo mm time biomsyn-

timesis of norepinephrme, we believe that the

careful use of a specific antiserum tom tyroisiine

hydroxylase should l)rtmvide the first truly

quantitative met ho)d for studying the turn-
over time of this onzyme under nnormiiah

conditions and under �ihysiolomgical anti

l)lmarmaeo oh igicrmh manipulation.
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