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sUM \1.tltY

A potetmt, specific atmtisenunt to rat liv(’r pimo’omylalahiino’ imydroxylaso’ was protluoed in

sheep. Agar double-imnoutmodiffusiotm reactiotms tuiel enzyme inimibitiohi studio’s revealed

extensive cross-reactivity bet \Ve(’ht timo’ atmtiso’runt atmd pimetmylalatiitmo’ imydroxvlaso’s from

guinea pig, mouse, moimkey, and imumatm hivo’r, as well as front rat kidimev. �\o cnoss-reac-

tivitv with Pseudonoonas j)hetmylalahmilme imydnoxylase o’ould be denmonstrated. F’untimer

studies suggested cross-reactivity with bovine adretmal and rat braihi tynosnit’ hydnoxylases,

but imot ovitit rat braitm tryptoj)hmaht imydroxylase, rat kidimey aroonmatio’ L-arninto acid de-

carboxylaso’, on bovilme adretial dopamilme �-imyolroxylase.

I NTRODU( ‘TIOX

Time pto’ritm -dependent aromatic anti ito

acid imydroxylases-pimetlylalahiine hyclroxyl-

ase, tyrositme im dt’ox lase, aimd t rypt opiman

hydroxyla.se-simow strikihig similarities in

maimy of their kinetic atmd regulatory pro��’r-

ties (1-6). Only rat liver pimetmylalaimine

hvdroxvlase has beett purifi(’d ext o’imsivelv

enougim for detailo’cl �imysical cimaract o’ri za -

tion (7). Sitmce it oo’as of itmtero’st to ktmow if

these hmydt’oxylases manifest- pimysio’al si mi -

larities, ove have oompaned tim(’m immutto-

chemically. In time pr(’so’hot papo’r we describe

time preparation of antiserum to imigimly

purified rat liver pimd’htylalanihme hydroxylase

and its itmteraction ovitim several otimer

phelmylalalmine hydroxylases, as ovell as ovitim

the other two pt erin-depehmdeimt aromat li

amino acid hydroxylases.

‘iiETHOI)5

ilateriats. Complet (‘ Ireund ‘s adj uvant

was purchased from Difco. �4-3H]L-Plmetmyl-

alaltilme (specific activity, 17 Ci/mmole) oo’as

purchased from Scimwarz-Matnm. [3 , 5-3H]L-
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Tyrosiime (specific activity, 43.6 (‘i flmimto)l(’)

was purcimased front New Ehmgland Nuclear

(‘orporatioim. N-Metlmyl-.V-:3-hiydnoxyphmetm-

�‘lhvdrazitmo’ (NSI)- 10:34; atm anonmatic L-

anmino acid decarbox\’lase itmimibitor) oo’as a

generous gift of Smitim armd Ncplmew, Ltd.,

Hariow, Essex, Creat Britain. All other

nmaterials w(’r(’ obtaiimo’d as j)neViollsly de-

scnibed (4, 6-8).

Preparat iou of tissues’ a 11(1 enzymes. All

steps were performed at 2-4#{176}. Osborne-

Mendel male rats and Hart lo’y guittea pigs

were obtaihted front the Natiuhmal Institutes

of Healtim animal supply so’(’tioti. A frozen

Africatm gro’(’tm monkey liver wa� puroimased

from PcI-i reez Biobogicals, lhl(., Rogers,

Ark., and stor(’d at -80#{176}. Adult imuniatm liver

tissue was kindly supplio’d by l)r. Llwood

LaBrosse. The liver was renmove(l at autopsy

performed ovitimin 30 nmin of deatim; it ova.s
(juick-frozo’hi immo’diato’ly 0111(1 stor(’d at

-80#{176}.

Extracts for phmehly lalanine hydroxylas

assays atmd for i mntutmodiffusiomi were pro-

pared by matmual honmogehmization, in all-glass
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Duall homogenizers, of the miticed livers or

kidneys w’ith the volume of 0.15 �oi KC1

indicated for eacii experiment below. Wimen

imunian or nionkey liver was to) be assayed, a

frozetm portion of tissue was treated as previ-

ously described (9). Time Imomogenates were

centrifuged at 30,000 X g for 30 nmin, and

the superimataimt fluids were used imme-

diately.

Rat braiim tyrosirme hydroxylase was pre-

pared by honmogetmization of fresh hindbrain

with 25 volumes of 0.0016 M KC1 in a VirTis

homogenizer, followed by tent nifugatiorm of

time homogenate for 60 ntiim at. 100,000 X g.

The resultarmt extract was brouglmt to 80 #{182}�

of saturation w’ith anmnmoiiium sulfate; the

pellet obtained after cent rif ugation was
dissolved in 3 volumes of 0.0016 �i KC1.

The preparation ��‘as used inttmmediateiv for

assays.

Rat hindbrai tm trvptophan imydroxylasc

was prepared by manual honmogenization, in

an all-glass imoimmogeimizer, of minced hitid-

brain in 2 volumes 0.05 �i Tris-acetate, pH

7.5. The honmogenate was centrifuged at

30,000 X g for 45 mm. The supernatant fluid

was made 2 ntmi witim respect to dithiotiireitol

and used inmmediately for assays.

Higimly purified pimenylalanitme imydroxylase

($5 % pure) from rat liven, purified througim

time Sepimadex G-200 st-el) (7), ��‘as ust’d in all

experiments unless stated otimerwise. Phenyl-

alanine imydroxvlase frotmm rat kidney �s’as

purified by time satime procedure (7), except-

timat time tissue was imomogo’mzed itm 0.15 M

KC1. Pseudmuoonas pimetm�’lalaniime Imvdroxyl-

ase was a getterous gift of 1)i’. (�wdon Guroff,

and was purified by time tmmcthod of Guroff

and lUmoads (10). Bovine adrenal tyrosine

imydroxyiase was purified througim tue first

ammonium sulfate st ep (4). Dopamitie

$-hydroxylase was purified aoo’ordiimg to time

metimod of Fniednian atmd Kaufnmarm (S).

The first amtmtoniutmm sulfato’ fromotioti of rat

kidtiev aronmat ic L-ahmmnmo acid decarbox�’l-

ase, preparod aco’orditig tto Clark et at. (11),
and dihmvdropto’nidmtme reduotase fronm simeep

liver, purified througim time o’ali’iutmm phospimate

gel step (12), wore Use(1.

Enzyme assays. \ I amnmal lout I)iletlylalarnne

hydnoxylase was assayed a(’torditmg to l)ub-

lisimed procedures (12, 13). Bacterial phen3’l-

alanine hydroxylase was assayo’d according

to time method of Guroff and Ito (14).

Tvrositie fonnmatiotm was measured either

spect ropimotomet rically or fluorometrically

by time nitrosormapimtimol nmetimod (15, 16).

Tyrosine hydroxylase was assayed by the

tnitium release metimod as used ut this

laboratory (4, 17). In one instance the

imydroxylation of i)imen�’lalaniime by tyrosine

hvdroxviase was measured; time tiitium

release assay described by Guroff and

Abramowitz (18) was used. Fr th
imydroxylase (6) and dopamine $-hydroxylase

(8) w’ere assayed by fluorometric methods.

Aromatic L-ammno acid decai’boxvlase was

assayed by the ntethmod of Lovenberg et al.

(19); 5-imydroxvtrvptopiman was the sub-

strate. Dihydropt eridine reductase was

assayed independently of imydroxylase ac-

tivity by a spectropimototmmetric assay (20).

Glucose 6-pimospimat e deimydrogenase aimd

catalase were assayed according to published

I)rocedures (21, 22).
Preparation of antigen. Rat liver phenyl-

alaniome imydroxylase [Sepimadex G-200 peak

fractiotms (7)1 was l)Itriflc’d furtimer as follows.

Electropimoresis in poiyacrylamide gel (7 %)
was carried out according to Ornstein (23)

and Davis (24), except- timat 0.0005% ribo-

flavitm replaoed pei’sulfate as time catalyst.

About 150 pg of protein were subjected to

electropimoresis per gel suet’ (0.5 �m in

diameter X 5 onm in leimgth). After eleetro-

pimonesis, time barmds on one gel were visualized

by stainitig with aimilinormaptimalenesulfonate

as imas been do’sonibed (25) ; two protein bands

[isozymes of nmol wt 110,000 (7)] with rela-

tive nioobilities of 0.37 atid 0.41 itt timis gel

svsto’nm ivo’re ido’ntified. Usirmg tito’ stained gel

for reference, a single piece of gel, wimich

inch udo’d oimhy time tw(o imydroxylase bands,

was tut frotmm eaoim of time retmtainitmg unstained

gels. Time l)ieces (eigimt or mmmc) were Placed

in arm all-glass iionmogenizo’r to wimicim 1.5 ml

of 0.01 �i Tt’is-HCl witim 0.12 ii KC1 imad been

added, aimd tue gel was homogeimized. Time

resulting imonmogermate was transferred to a

5-nil syringe too wimirim 1 .5 nmi of (onmpiete

Freund’s adjuvant imad bo’eim added. Timis

nmixture was kept at 0#{176}and emulsified prior

to itmjection.

Ion on un ization schedule. After control

serunm imad been obtairmed, o’imougim of the

enmulsiotm described above was iimj ected
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intramuscularly at four sites irmto a simeej) to)

deliver about 1 mg of pheimylalanitme imy-

droxylase. After 14 days time site(’p received

(at two sit(s) atiothet’ 0.5 nmg of hydroxylase
in an identioah enmulsioti. Severm days later

serum was obtained. So’rum was stored ut
ahquots at - 20#{176}.

Prelim in ary incubation oJ’ enzymes with

serum. \\imen time o’ffect of timo’ antiserum on

enzyme activity was to be determirmed, zero

and increasing volumes of aimtiso’rum were

added to) individual test tubes, each of wimicim

contained an equivalehit a nmourmt of time

ermzyme to be assayed. So that (‘ao’lm sanmple

w-ould contain the same aniourmt of serunm,

coimtrol serum was added to brirmg timem all

to the same volumo’. Th tubes wero’ irmcu-

bated for 4 imr at 4#{176}.After’ o’o’ntnifugatiorm at

5000 X y for 10 nmin ott 4#{176}to reduce to a

pellet army precipitating atmtibody-antigen

complexes, aliquots of time supernatant frac-

tiorms were transferred to individual ermzynme

assay tubes, aimd time assays w’ere begun.

Ion mnun od iffus ion. I)ouble-imnmunodiffu-

sion reactions were performed w’itim time use

�I ANTISERUM

Fo;. 2. LJTe(’/ (if sheep seruo000 Oil (Ic/iou!, 0.1

p ii rifled ru / !iu’er p/ieom yla!a mmimoe /oydroxylasc

Ptut’ified mat livet’ phemuylalatmine iuvdo’oxvlase

0.015 timg) was first itmcubated, as (IescriI)eo! in

METHODS, witim the itmdicated vtoiounmes of atmtisertom

ito a teotal vo)lume of 0.13 nul. Soubseqotemutly 0.1-muul

aliototots were taketm cit Imer after cem#{236}trifugat ion

(oo) or afteo’ imdomimogetme(mots resuspeuisiotl t of the

1)u’ecipitate (b), and tramusfero’ed to assomv tubes.
Time u’eao’t ieomm was itmit jotted with the addit iotm of

2-anmino-4-Imvdt’oxv-h , 7-dimmmetlmvltetu’ahvdo’opteo’i-
dine at a uitoal coticetmt rat iotm of 0.2 m�t. The a.ssay

was peu’founued acco)u’ding to Fisher atmd Kaufnman

(13). lime fitmal vomlutuue was 0.5 ml, amid ilucOui)at ion

was couoducted foo’ 30 mnitm at- 25#{176}.

of Ouoimterlony plates t’ontaining 1.8 %

Agarose, 0.3 xi glyoirme, ahm(I 0.02 xi potassium

pimosphate, pH 7.0.
Proteirm w’as determined by time nmicro-

biuret procedure, w’itim the imse of bovine

serunt albumirm as a standard (26).

RESULTS

FoG. 1. ,4gar ye! o!onb!e-diffusion experiment

Highly puu’ified rat liver pimemoylalanine imy-

droxylase (0.6 mg-tmml) was placed ito the ceuoter

well. The peripimeral wells weu’e filled as follows:

2 o’clock, undiluted sheep serum after inmmuniza-

tion; 10 o’clock, ottodiltoted sheep serum before

inmmoommizatiotm. Time voloome pci’ well was 0.007 ml;

plates were developed for 26 ho’ at 4#{176}.

Existence of an antiserum. Jim double-

diffusiorm reactiorms (Fig. 1), purified rat liver

phenylalanine imydroxylase formed a single
precipitin line with serunm obtairmed front the

sheep aft(’r treatment by time immunization

scimedule described above, but not *itlm the

control serum. A precipitin iiime was observed

with pimenylalanine imydroxylase at o’oncen-

trations of the enzyme as low as 0.025-

0.050 mg/nmi.
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Ff1 efI’omt oof thus so’rttnm (lit tiio’ activity of

Purified rat liver pimo’toylalanuitte hvdroxvlase
was examirmed (Fig. 2). Assay of aliquots of

the supenitatarmt fract ions aft en prehimirmary

irl(ubation as described itm METHOI)S showe(1

a progressive loss of soluble enzymatic

activity with irmcreasihmg levels of antiserum

(Fig. 2, curve a). If tim(’ assays were carriedl

out on aliquots of tim(’ unoo’rmtnifuged pre-

limirmary iticubation sa nmpl(’s, substantially

less inimibit ion was obso’rved at each of the

antiserutmm levels testo’d (Fig. 2, curve b).

These results indioato’ that, over the rarmge of

antiserum studiedl, pimetmyialanine hydrox-

ylase timat iiad prt’oipitated was not com-

pletely irmactivated.

Sirmce uolmeriylalartitio’ h�’ droxvlase w’as

assayed itt time prt’s�mioo’ of eatalase, glucose

6-phospimat e deimydt’ogo’nasc, atmd dihydro-

Fit;. 3. (‘ro.ss-reac/ioi/y stud11

Uuodiluted atotisertont was placed in the ceimter

well. The peripheral wells were filled as follows:
12 o’clock, pmurihed rat liveu’ phemoylalanine hy-

droxylase (0.6 nig nm!) ; 2 oo’o’lock, rat liver extract

(28 nmg/ml); 4 o’o’loock, onootise liver extract (12.5

mg/nm!); 6 o’clock, purified Pseoidommoonas pheimyl-

alammine hvolrtoxylase (3.1 muug nml) ; 8 o’clock, guinea

pig liver ext tact (34.5 rug: ml) ; 10 o’clock, rat

kidioey ext ract (40 tmtg ‘nml). Extracts were obtairmed

from imonmogeimates made with the voltune (of 0.16 M

KC1 itodicated (per wet weight of tissue): rat liver,

4; mootse livet’, 2; gouiimeoo pig hivem’, 2; rat kidney, 1.

The volume pet’ well was 0.007 ml; plates were
(Ievelo)ped ftor 16 lii’ at 4#{176}.

ptei’idine reduo’tasc, it was tmecessat’y to

ehmitmatt’ time possibility timat time antiserum

inimibited time imvdroxvlation reaction by

inhibition of otme of timese etmzymes. Each

enzvmo’, at the (onoermtratioims present in time

phermylalanine imydroxylase assay, ��‘as first

incubated with differenmt amourmts of anti-

serum exactly as do’sonibed iti Fig. 2. After

cermtrifugation, aliquots were taken, and the

enzymes were assayed by tim(’ methods re-

ferred to above (20-22). Time atttiserRm imad

no demormstrable (‘ifeot on time activity of

these ermzymes.

Ott the basis of timese r(’sults, we concluded

timat armtibodio’s to rat liver pimenylalanine

hvdroxvlase imad bo’o’n produced. Quantita-

tive preoipmtmn analysis of the antiserum was

performed w’itim imigimly purified rat liver

Fw. 4. Cross-reactivity study

Undiluted aiotiserunm was placed iii the center
well. The peripheral wells were filled as follows:
12 o’clock, purified rat liver pheroylalanine hy-

droxyla.se (0.6 mg/tim!); 2 o’clock, human liver

extract (44 nmg ml); 4 o’clock, rat hindbrain ex-

tract (12.2 rug -‘nm1); 6 o’o’ltock, 0.9� NaCl; 8’oclock,

l)tOrified btoviioe adremoal tyrosine hydroxylase
20 nig ‘ml); 10 o’clock, moiokey liver extract (52

mg nm!). Extracts were obtained from honmoge-

toates nmade with the volume of 0.16 M KC1 irmdi-
cated (per wet weighmt tof tissue) : hunmaim liver, 1;

rat braitm, 1; mormkey liver, 1. The volume per

well was 0.007 ml; plates were developed for 16 hr
at 4#{176},
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EfJ’eo/ 0/’ (lit / 0 ser mmmi oh (00/ ioi/ �i of (I series of p/u eu y!a !oo mi/mu Ii !/(lro,rq!(o-(es

Time ero � motes we ‘c first it ocooba t co! as des(’ ui bed ito M 0TH (oDs. wit ho t hoe ii ool it’ at cot vo)l otmomes of a tot i -

sem’urmo iii ot tootoil voltomooe (of 0). 13 roil. Aft �1’ (‘(lit l’� fttgat ioomo , 0.1-tom! ahiqto(ot s of t hm(’ soipertoat atmt fmao’tuootos

were 0 t’atisfet’u’ed too assay t tubes, amid time assay woos lmt’gtotm uu’it ho time aotdi lit mm 0 of 2-armmitooo-4-hvolroixv-

6 ,7-diniet hyltel rahoyo!u’oopteriohi toe. Time marooroialian ioyo!mtuxv!ases � assaveti it’o’omrdi uog too loshoer

atmd Xamifnmooti (13); thot’ o’touuo’etut tout ioomo oil 2-atuoi too-4-hivdt’ooxv -6, 7-oh noel liv! t et t’othovdropt eridi too’ was
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anmiuoo-4-hvdt’oxv-(i,i-dimuoetiovlteti’ahmvdropteriolitme was 2 tomut. The fimmal vouhoutmoe was o).5 moo!,ammo! immo’mu-

batitoru was o’ai’m’ieolootut foot 3() romito out 25#{176}.Time tuoummmha’r of umaimonmoiles oof tvnositoe foou’mmmed doting 30 room

wit Im So Ml oof cooiut no! seuoutom is showmo ito pott’emotheses . .-�lI (‘Xt m:to’t s u�emt’ thrived fm’oomuoimoinmoogemo:ot es of

tissotes with 3 vtolournes oof 0.15 mi K(’l.
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Puu’ified loot liver p1oemm�l:tla mimic imvol ut oxvlase, 0.01 mug

Hat liveu’ extract, 1.14 tug

Pttu’ifieol tat kidmoev phiemoyl thu mu toe hmydroxy I ase,

0.06 mug

Mouse live u’ ext tao’ t , 0.75 mug

muimmeot pg hiveu’ ext t’ao’t , 1.38 nig

Iliurmiamo livem’ ext mt , 2.b4 moog

1�5eul(I(OOii(uii(I.S 1L)hit’tiVlalatiimit’ hivolm’oixvlaso’. 0.OOO tug

l)imenm�’lo1lo1tmiii0’ imvdt’oxvlase ; timo’ atmt ibodv
oontermt of t he pno’(ipmt ato’d eonmplex at time

equivali’itoo’ poiimt was foutmd to be about 1.3

mg ml of ant iserunm. Despite this levo’l of

antibody, ro’lat ively imigim levels (of antiserum

were needed to tt’tuioVt’ aotiVO’ etmz\’hmmo’ front

the supo’rtmatatmt fractioti iti time etozyme

iimhibition o’xpo’timo’rots (I”ig. 2, ounve a).

It simould bo’ ttoto’d, however, timat time turtm-

over numbo’n lot pimo’tm�’loolottmitmo’ imvdtoxvlase

is low’ �‘omparo’t1 witim tlmose of mans’ otlmer

etizvmes. Sino’e we utilized proteilm-l)ro)teiim

interaction to) renuovo’ time enmz�’nte froom time

superrmatatmt fraction, and since relatively

large nmumbers of enzymo’ molo’oulo’s must be

present too mo’asur(’ activity spectiopimoto-
metrically, it �s’as tmot surprising titat titese

higim levels of anmtiserum were ro’quired.

Cross-react icily ut’ithu other phuen ylala a inc

1, ydroxylases. I nit eromction of antibody wit it

phenylalanine hmydroxylase from otimer

sources was intv(’stigated by immunological

and enzynmatio nmetimods. Ingures 3 anmd 4

simow’ double-diffusion reactions of time anti -

serum witim a variety of otimer pimert�’lalarmirme

hydroxylaso’s. Siimgle l)recipitilm lutes of

No ammtiserumot 25 ,.�l iii So jol oil
antiserum’om antiserumum

i(lO’ntity (witim highly putifie(l toot liver

I )hm(‘niyla haiti tto’ I ivdt’o oxv loose) were oobso’nved

with ext noicts frootmi tat, nmouso’, guineoo pig,

nmotiko’v, atid hittmmoutm adult liven,’ as � 11 as

�vitim iouniho’ol tat kioltto’y phio’tu�’lalattitme

ltydroxvlaso’. A pno’oipititi line of ido’tmtitv

\\#{149}�5 alsoo obtoiiimed witim an extrao’t lnottm

hunmati fetal liver. Piio’tmylalantine itydiox-

vlase activity has bet’tt rept)ite(1 in immoitse

paimcrease (27) ; � imave obtomitmed a j�e-

t’ipitin litie of ido’tititv to atm extract (of itmouse

parmcreas. By contromst, time pimo’n�’lalomtiine

hvdroxvlase fnotim Pse u(iomnonas shmowed tmo

pn(’cipitihm lirme (Fig. 3).
(‘ross-ro’activit\’ (‘0111(1 also be demon-

strated in enzyme assays. 1”or all time tmiomnm-

timalian phmetmvia Ia tmine imydroxylase prepa ta-

Itocoubating the (.)w’httei’louiy plates fou’ 30-36

lot’ led to I he fot’romat ion of ‘‘spttt’s’’ on I hoe pu’ecii�i tin

ii toe formed wit ho time purified root live,’ phetmy!-

alammimme hivdroxvlase at its immteo’sections with time

lines formmmed wit It hutuauo and monkey liver ex-

tracts. Thus, while prilmmate pheimy!alanine hy-

droxylases share comommoto antigenic sites withm root

liver phenylalamoine imvdroxvlase, they :to’e loo’ObJ-

otbly tiot immuoouioo!ogically identical with it.
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2 G. ( ;uoo’oifl, persotuool conitomoutoicat iou.

‘J.’uoor.o. 2

Ejioci of (liii iscrum out omi 00//icr p/en ii -depemm ‘l(mi / Ii !/ lniix!/Io �u

Ito exl)o’mitoooomt 1, 0.25 tim! of a t’zmt houmouihmo’aimo ext ‘act, pep:tuc�h :t� dcscmobo:�,l mom ml -;o’uui)a�, w.i� first

imocoobat cc! ms’it ho I hot’ i ooo!io’at cc! violuu,oie of amitiseroomuo ito a total vou!murmoc of 0.35 tool. Tuteom t hoe folloowi tog

coruopoommo’mot s (ito ,ooio’u’iotumo!es ( were adoleo! too nmake a fito:ol vmoltorne of 0.5 tool : L-t rypt oiph:tom , 0.5; Tu�N 11,

0.05; gluto’oose 0-phiosphoate, 0)5; XMl )-1034. 0.7; cat :mlase, glonoose 6-photosphu:mto’ oh’hovolm’iogo’ti:m�e. ati .1 dihu�’-

droopt co’ioli toe t’eu!ooo’t :t�e ito excess ; :tti(1 2-amooi tmo-4-itytlo’oxy -6, 7-di tmo’t hovl tot mt (ivd uop (‘mi Ii mc, 0.1 (aided
last). .�ftet’ 1 lot of immo’oub):ut iooom it 37#{176},thie o’eao’t iota was to’o’momimm:tto’l hi t lie :t-hulit motto oil 0.05 rum! oil 70’ �

percholo ui c acio! . Aft Ci’ (‘Cmit ti fuogot t iotm , otto aliquoot of the sutlo:’t’mmat aim! w.ts totido’ 3 x IT ‘I, mum:! I be luuoomi-

tit.v of 5-Iovthrooxvt rvlot tiphiami fo om’toocd was deteo’uni icc! fl:uiot’oiooet rio’:mllv (l�. Lii cxpeoi toooot 2. 0. it) timg

of i)oovi toe :tulremm:tl ruoedoulla t vm’oositoe bovt!roxvla’oe was first i mieuulo:u t c:! wit ho thou’ ii :Im(’.ot ‘:1 voluuroou’� of

tori t iset’ottuo ito a t uot oh v(ol oumume oof 0.15 nil . Subseoiouemotlv t lou’ s uni)Ies w’oe a ssoovo’d h t i I ioum release,

acotorolitog ho t hoo’ iouuhlishmo’d l)oio’o’cloome (17), imm a fimoal violootooe of 0.59 moo!. loicoohoit iiuoo wos t’:ou’o’ie:t ouot

lot’ 15 immimmat 37#{176}.J:xI)O’tit000’000 3 \s’as po’mfmmed ito the satooo’ wax is exlocmotmm’omt 2. o’’a’e!)t I ho:it Iii-’ :t’oti-

serutuo was fits 0 trea too! ivi t ho amo exo’ess oof l)tlt’i fio’d rat !mVt’ 1)10(0mImI at iiime hovd ti xyhm so’ ; I hoo’ o’es ill mmog

pr(’o’il)itate \i’:tsdiso’:tm’t!ed, ammo! the i’etuoaimuimmgseu’uttn was I hot’mo otso’:! fuom Ihot’I)ro’himni00010.oiuicoobtt iota.
Ito expo’ritooo’mm t 4. 0.10 bog of Iuuovj moo’ :o.Iio’ooal iooo’ohtu!l:o tvroosotme hovd oxvlase w.ts first i moi’uuho:it cc! \Vi 0 Ii the

inolicat cot vo olottoocsoof alit iseruutmo ito a toot oh v(ollotooe of 0.10 to!. S:u( oso’:� ion 0 Iv thou’ somuoplo’ wore ot ss:ted
as ito o’x�oo’ri tooemm0 2. exo’ept I ho:mt 50 mmmooodo’s ouf [-t-�11 ]L-l)Io(’omVholaoo i moo’ (spo’ri ti(’ oil iVO t , 0.3 (tt moo Oo(o!e)

rep!ao’eul I ho’ I y ui osomit toot! 5th mmmuomulo’s of tet t’aioydu’t bit opt (‘O’i 0 rel)l000’o’c! t ho(’ 2-:tmmoi mooi--I -iovdm’ xi -(0,7-

di romet liv! I et ia hoyt 10001)00’t� ohi moe. Tv 00050 toe fo 0 ‘total ioom0 WOiS Oct o’ rttoi mood fri too Omit i Otto tele:ms’ as di’ ‘ ‘i bed

pr(’�’i oouslv ( 18!. Exloo’ri tuoo’oo t 3 w:ts t hot’ samome as o’xpem’i romemot 2, excelot I hoot 0.17 too � oif oat bmimodht’:ti to t \��o

si tue hovol rooxvlase , Io�’1oa eu! is th’so’ri lieu! ito ml O-:ril001)s , was tuso’!

.�Ctivit

No antiserum 25 �l uI 50 �m! of 75 � (uf 100 �ol of
antiserutit antiserutm antiserutm antiserum

, oootoo!

1. Trvpt 01)10000 Ioyolrooxvloose, 2 bog5 100 (1 .2 ) 98 10)1 98 108

2. Adt’etoal t vo’o osi toe hoyt! mooxvlooso’

0.10 tiug 100 (6.8) 92 58 75 (06

3. Adrenal I vt’ositoe huvolrooxvlase,

0.10 rumg 100 (6.8) loS 97

4. Ad u’etoool t vruisi too’ hivd o’omxvlase,

0.10 mug 100 (1,3! 92 84 65 50

5. Brai mmI vt’o si moe livo!t’ooxvl iso.

0.17 nmg 100 (0.95) 76 73 69 57

The atom ooutmt of tot oul pool ci to co)mo t ui lotuted to I hoe assoty h (‘0(10 etozymome I)t’eloott’at ioti is i tidicate(!.
b Tiue act ura! toutuobeo’ of toatoonuooles of product foo’nooed ito eao’h experitutetot is itodicated in l)arentheses.

tions teste(1 (Table 1), tue (‘flZ\’flt(’ activity

remaining ito time supernatant fractions after

prehi miima ny i tu unbat ion a tmd ro’tmuova 1 of time

precipitato’ by centnifugottioti decreased as

tue amount oof antiserutmm preso’iut dunitmg timo’

prelinmitiary itmcubatiotm period mvois irmcreased.

Neither a precipitato’ imor inhibitioni of

enzynme ao’tivity was observo’d witim Pseudo-

monas pimo’tmylalomtmitmo’ iml,’(IroXVloise.

TI (‘xtermsive cross-reactivity oof anti-

serum to rat liven pitetoylalanitme imydroxylase

was observed w’ithm all the mamnmahian

phenmylala tmirme imydroxylooses tested, irmcludirmg

those from kidney and panmoreas. No) cross-

reou(tivitv was observed witim tue bacterial

enzyme. Coimversely, antibody to time bac-
terioul enizynme simowed no cross-reomttivity

witim root liver pimo’toylalaninto’ imydnoxylase.2

Cross-react icity or it/i ot/i cr pterin -dependent

Ii yciro.mylascs. Interactionu of antibody w’ith

bovirme adrenal anmd rout brain tyrosinme

hvdroxvlases, atmd with rat hindbrain

tryptophiati imydroxylase, was studied jim a

similar momrmrmer. Figure 4 shows timat no

precipit in hinmo’s went’ fortmued with purified

bovinme adrenmal tyrosinme iiydroxvlase or w’ith



Boufi’er

Buffet

Phoemmvla!aomiome huydt’oxvloose. 0.0)4 tuog

Phoemovlal:omoimoe iovdroxv!ase. 0.04 trig

Phoemoy!a!:omoiroe hoyolo’ooxylase , 0.0)4 mug

Phetiy!a!amoitme imvdu’oxv!ase, 0.04 momg

0

0)

0)

222
224)

98

22
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TABLE 3

Pne!immu juan!, Ircaimmuent of an /iserummmm wi/it adreuoa! /!/no.siuoe hy/ro.ni,!ase

The ituit moo! imocubahiomo � carried ooot at 4#{176}fur 2 ho,’ in a total volounme of 0.1 moo!. The toolal seromnm

volutome woos 0.07 mimI, of whoicbm 0.04 ml was auutisem’tonm whocmo it was used. Aftet’ 2 ho,’ cit hoer bttffer or purified

rat livo’r phoemoyhilanitte hydroxylase in a vo!uome of 0.01 ml was added, amid a secotod imocubatiomo (0#{176}

for 3 hor woos carried ooout. The samples were theto cemmtu’ifuged, atid 0.075-toil aliquots of thoe u’esoultitog

supeo’tual atmt fractiotis were tratosfeu’,’ed to assay tithes. Time assay was begottm wit ho time additioutu of 0.1

oonmo!e oof 2-anoino-4-hydo’oxy-6,7-dimetioyltett’aioydt’topteridine. Thoe assay ivas I)erfot’noed as o!eso’ribed

liv Fisimer atod Kaotfnoamo (13). Tioe fitmal volomrooe was 0.5 rum!, auool imocoohat ioooo was (‘at’u’io’d out for 30 mom

at 25#{176}.

Initial coormditions .�dditioto after 2 hr l’vrosine foormed

n,mzo!cs/30 mmii,,

Tyu’ositie ioy(!roxyloose (0.6 tug) -F (‘omotrol

SC I’00tOO

Tyrosimoe imy(!t’oxylase (0(0 mug) -f- oomoti-

set’ootuo

Buffer ottool corotro! scrubom

Tyrositue ioydroxylase (0.6 nmg) + cobol to!

serootom

Buffer + oototiseruruo

Tyrosiboe loydroxylase (0.6 mug) + amoti-

ser to too

an extract of rat iminmdbrain. Jim thus arid

otimen o’xperinuenmts (e.g., mvitim time purifleol

Pseudonionas pimettylaiotrmino’ imydroxyloise)

in wimicim rmo precipit in iinme.s wd’re obsenvo’d,

serial dilutions of botim antigerm and anmtibody

w’ere made, armd nmo conmmbiimation of timese

dilutitons gave visible precililtiri linmes. Wimile
these results miglmt indicate a lack of onoss-

reactivity, timey are consistcnmt botim withm time

presence of cross-reacting but intrinsically
normprecipitatitmg anmtibodies anti wit ii tIm o’

presence of precipitating antibodies uvimioh

cross-react with the enzynme being studied;

however, in time preparations used, the

enzynme was preseimt at coimcetitratiotms too
low to yield a visible l)recil)itilm line wimen

antibody and enzyme w’ere nmear time eoluiva-

lenict’ j)Oirtt. For the brain extract this second

possibility is rmot unreasonable, but it se(’nms

more remote for the purified bovine adrenoil

tyrosinme hydroxylase (and for the Pseudo-

monas phenylalamrme hydroxylase), sirmce time

amount of protein (onmtnibuted by timese

enzymes simould Imave been enmough to yield

visible precipitin lines if significetit levels of

the precipitating antibodies imad cross-

reacted.

The possibility that antibodies nmight be

Preselmt timat could t’rcoss-reoo(’t ivitim the other
pto’nin-dept’ndent imy(Inoxyloiso’s but not yield

visible pt’ecipitirt lities itt timo’ double-diffusion

react ioits was exatmmiioed. Table 2 shmo�vs time

effect tort o’nmzv nme ooctivity of pi’el i nminary

irmoubatiotm tof time o’nzyrnes witim increoisiimg

antounts of antiserum. Timere was rio effect

on time activity of rout imindbraini tryptophan

hvdroxylouse.#{176} With both time bovitme adrenal

aimd root braiti tytosimme imydroxylases, pro-

gressivo’ iitimibitiotm of etmzynte activity oc-

curred witim increasinmg leVels of outitiserunt.

Time pimenylalanine-imydroxyloiting activity of

bovitme adrenal t ynositme itydroxyloose ��‘as

also settsitive to) time ountiserum (Table 2,

experiment 2). As shmown, itmimibition of tyro-

sinme hydroxvlation was abolished if the anti-

It should be nietotiotoed thiat 0.1 ml (of the con-

tro! serunmo ituimibited the act ivitv of the enzYme

7O� as conmpared to erozvruoe that had first beerm

imocubated ibi an eqmooo! volume of 0.05 mmTris-ace-

tate, pH 7.5. however, as showmm, time iruonmutte

seu’umum had too furtbmet’ iboioihitorv effect. The reasomm

for time itohibitiomo by control serum is unclear.

Trvptophato hydroxy!oose irocoobated iou arm identical
fashioto woos assaveol sinou!taroeooo.sly by the radio-

isotopic method of Lovenberg ci a!. (28); results
idetotica! with those presetoted in Table 2 were

obtaitmed,
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serum imotd bco’to tto’otto’d l)t’o’viousl� �vit1m arm

t’xo’o’ss of highly punifleol nat liven phm(’ro�’l-

oolamiiimo im\�lrooxvlooso’ (Tl5oible 2, o’xpo’tinmo’iit 3).

l5hiis Pro’l)aratio)ui out’ j)I0O’tO�la1oi1Oito0’ hoydro)x-

�‘loose (MS 0.; � b\’ disc go’l (‘loot nopimoresis)

o’xhiibito’d neithot’n t�’rosituo’ hu’olm’oxvlotse a(’-

t ivitv niot l)t00t tin baimds oon (list go’l o’leo’t ro-

I )lm(Onet it l)at t o’t’tis t hat �‘o otto ‘spot otto ‘(1 t oo t imose

(of l)trn’ill(’dboovine ot(ltettal tvnoqtoo’ hmvdnox-
yloose. Ito ORI(lit iou, sitmo’o ‘ t he aimi iso’t’uoni minus

elioito’d fro!nm twoo ohisont’t(’ phoetmylalomnmine

htvdnoxvlaso’ hot tools rut f’t’oom (list’ go’ls, it is

highly unlikely eithen tloat thu shoot’!) imomol

ho’eoi irommomutiizo’d ivitho o’oonitanuittatittg t�o’tO)-

‘itOO’ hm\’(lroxvlaso’ tot’ that rootmtamitmatiiug

t\’tositmo’ imvdt’ooxvlase miom’ t’espotosible for thio’

ro’’’o ‘rsal tof i tmhoihit io on 0 ohservo ti wit ii time

pno’viouosl�’ to’o’ooto’tl sor’unm. �I’imis iouf’ot’tumottioom,
couplo’ol wit it t hto’ fact thoomt ‘irommumoo’’’ seruonm

ft’ootn a shoo’o’p subjocted too an ioio’ntit’al mm-
nmunizomt iott so’hoo’dulo’ (o’xt’o‘I)t t hoot 00(0 Ioiuo’nmvl-

alaoiitmo’ imvdnouxylaso’ woms itut’luolo’d itm tii(’

itmjeotiootos) (lid toot ioohoibit tvnosimoo’ imvdrox-

\‘lase, suggo’sts t hmat t Ito’ oitut iseruomm co otttoiino’d

0110tib(o(li(’s to noit hivo’t’ Phmo’toYloularuitmo’hmvdrox-

�‘1oose whioim onoss-oeao’t cot wit ho tvroosinme

hm\’(lt’( ox\’loos.

Table 3 ill tost toot 0’s t hoe t ‘flout oof’ atmt iserunm

tiuat load beerm incubated wit hi boviomc adrenal

tvroosirio’ hivdt’ooxvlase oil the OI(’tiVity of

I)hi0’t1�’l0il01I1itt(’ h\’drOX\’lomso’. :\f tot timo’ serum
imad heo’oo incubated wit ho t hue tyrosnme

hVdnoox\’lolse, au aliquout tot’ pioo’nuylalaninme

imvdroxvlase was a(ldo’tl, omtat 01010 ot imo’t pre-

himinarv ioocubat ion was o’omi’m’ieol tout. The

experinmt’ttt wois olo’sigou’d too I)t’o(htet’ a 3-fold

(‘XO’(Ss oof tvt’osioo ltodoooxv!aso’ mutolcruies

o’o)nml)oiro’oI to t hot’ (‘0 )000’(’uOtrat iooni of phmeimyl -

oilanmimuo’ huvdroxvlase tmoooouoonto’os (7). Afto’r the

so’(o)tl(l I)to’liflhitmoltY itorubottioont att(l ccitt nifu-

gatiorm, t ho’ pito’nuyloilanoinoo’ imydroxylaso’ at-

tivity renmainioog ito time sul)o’onmatooout froiot it)fl

was omssomvo’d. lass ao’tivitv in timo’ super-

natanut fractioom ivas obso’rvo’d ivimen time

antisenunm had ho’eim treated with tvrosine

hvdroxvlaso’ thuoooi whmo’mu it imad tu(ot. Timese

results catm bo’ o’xplomino’d if’ onto’ nmakes the

following oussuomul)tiotis: (a) in adolition to

prt’oipitat ing amotibodies, t lie antiso’runm also
contai imo‘d nuont� nt’ei I itat i ng a tot ibodies to

pimetiylalaniine ioydi’oxyla’o’. mvhioh eitiio’r do

not inhuibit, or inohmibit nomly partiall�’, time

enzyrnal ii activity of pho’nuylalaniomo’ imy-

(hox\’iaso’ ; (b) thmo’so’ rmt)iopte(ipitatinmg ooimti-

bodio’s nmigimt imave ioot(’rfo’rod witim timo’ inter-

out tio)tm of time o’otz\’nmo’ mvithm time �)m’(’ti�)itatinmg

aomtibodies ; (o’) tvn’osinto’ iu\’droxvloise o’ould

imavo’ ronmbinued with the iuOnmj)tt’tipitatirmg

aittibodio’s. It would foliomv thmoit tenmoval of

50)11)0’ of t ho’ o’o)nmpo’ting 1ooim�)o’o’(i�)itating

omnt ihotlh ‘s by t\’rositoe im\’(lt’oX\’laso’ o’ould

imavo’ hod to a gt’eato’m (legno’o’ of P1o’(il)itation

tof pImeim�lotlaniiiio’imy(lt(oXylaso’ by tiot’ro’nmoiiim-

hug j)t0’(’ipitatitlg oouitibodio’s atutl timo’ro’by

rt’sulto’d ito timo’ go’eatem’ loss oof I)ioo’iu�’lalaiui1mt’

imvtlnooxvlomso’ ooo’tivitv thoat ut’ observed.

(ioss-rcactiri(�j 0/’ oIlier 1(1(110(1 eiiz/jilies.

Twto ot huen eumzvnmo’s, anotumoot 1( L-olbiti100) aoi(l

(It’oott’boX loose ootid doopoimino’ �-iuyt1ntoxyhouse,

mv(’nO’ toot foouimtl too t’nouss-i’o’ooo’t ivith tioo’ oiitti-

setunmm by cit Imen dooublo’-diffusiori on o’tozynme

assay to’o’hmtuio lutes.

1)I5(’USSIt)N

lime omtitiso’t’unm too tat livo’t pimo’tuyloolomnuinie

hmV(1to)XV1OI5O’ thuomt \V0’ have 1ot’totiito’o’d 1#{176}���’�es

sttfho’ieoit poteimo’v omood spo’o’ifio’ity too tomal.�e

poossiblo’ thmo’ (‘toss-no’omo’tivit ‘tudio’s re-

p000’to’(i. So’vo’r’al othoo’n’ applio’atitotos ion time

omnmtiscrtoimm are ap�oaretut . Wit hi tIme fluo ro’sco’nmt

omntibody to’o’itno �uo’. it immight 1)0’ possible to

deto’nnminme whet Imen t hot’ io\’dt’oX\’laso’ is

looahizo’d wit imiti time imo’pootic oinrhmitect nrc o�r is

getuenally oiistnibuto’d its lu ucalizat it ito itt kid-

itcy atod I)omtictt’ois nmiightt alsoo ho dot o’n’mitme(i.

Tho’ o’xisto’mio’o’ of no rmoss-oo’omo’t irmg pr’ooto’irm

ito I hit’ livet’s out’ piio’uiylko’toutut’n’ ittdividuoils

[mviuoo homvo’ ioo ommo’asunotble hio’pat B’ pht’tm\’l-

oilaooiioc iivoit’toxvlomse ao’tivity (29-32)} should

ho’ olo’to’otooblt’ by uotilizimmg tiio’ appropriate

omimtiso’o’ummm. Oioo’ omppt’ooomoim would itovolve

puinifioatiooto of itutmmooto liver j)hmo’tuylalarmioie
imvdt’oxylooso’ and subso’ lu(’nmt pn’o)(Iuo’tiont of

aoutisenunm too it. Sutim 01 projo’ct, imowever,

woiuld r(’quino’ au anlm!)l(’ sup�)ly tot’ fresim,

ooetive umeo’toops\’ livo’n. Altentiativo’ly, a oonm-

panison in doublo’-dithosiorm no’aotio onus tof pre-

oipit in hino’s fon’nmmed betwo’eut 1 hit’ antiso’r’unt

to rat iiv n l)iit’tuylalotntitto’ iii dto)Xvlase oitid

ext nomcts oof biopsy samplo’s I roimo ntonnmmal tr

l)i1en�’lketotmIrrio’ livers could bo’ tmmade. In

double-ditlusiorm reamtions and o’ntzvnmmo’ in-

hibitiomi st udio’s our oontiseruuim shmoivo’ti oross-

reao’tivitv w’ith Imunmooti liven pioo’tiylalanminme

imydroxylooso’ (see Fig. 4 ound Table 1). Surim a
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T. Lloyd and S. Kaufman, unpublished ob-

servations (1971).

(omparative study is currenmtly in �)rogress

in this laboratory.

It itas recently beetm suggested timat time

plmenYlollanmilme Imydroxylase from rat kidnio’y
is a diffenermt form of time eniz�’me from timat in

rat liver (33). This sugg(’stiorm was based out

differences in heat stability of the enmzvnmes ut
extracts from time respective orgarms, as well

as ott differences in stability during storage

(33). It mu’as felt that differenmt fornos of time

enzyme mm liv(’r anmd kidney migimt explain

the variants of pimenylketonmuria observed in

humans (34). Our experimermts show’ that

these two enzymes yielded precipitin hitmes

of complete idenmtity witim the antiserum.

Thus the pimenmylalanine hydroxylase from

rat kidney (arid most likely from pancreas

also) seems structurally very similar to, and

probably is identical with, the enzyme from
rat liver. Based on this’ argument and the

assumptiotm that phenylalanine hydroxylase

exists in normal human kidimey and pancreas,

it cant be predicted that the enzymatic

defect previously estabhisimed in the livers of

phermylketonmuric individuals, i.e., lack of a
functional pimenylalarmine hydroxylase (29-

32), mu’ill also extend to their kidneys and

pancreas.

The absence of cross-reactivity of time

antiserum with Pseudornonas phenylalanine

hydroxylase is riot surprising; it is one

further example of a mammalian enzyme

and a bacterial enzyme that perform idenmti-

cal funmctionms irm time two organisms but are

structurally so dissimilar as to be immuno-

logically distinct.

Our data are higimly suggestive of cross-

reactivity of the armtiserum w-ith botim

adreumal anmd brairm tyrosine hydroxvlases; a

structural similarity betw’een tyrosine hy-

droxylase and pitenylalanine hydroxylase

may exist. Both the tyrosine hydroxylases

can hydroxylate phenylalalanine (4, 35).4

Further clan ification of this potential cross-

reactivity awaits more detailed immurmo-

logical investigation. While it is coimceivable

that the brain tryptophan hydroxylase

interacts w’ith the antiserum but is neither

precipitated nor inhibited by the aimtibodies,

it seems more likely that the enzyme is im-

nmunologically distinmet frotmi pioemiylalarmmnxe

hyciroxylase, c!t’spite time fact that h(’patic

pimenylalanmine imydroxylase imas been shown

to imydroxvlate trm’ptopimano (36).
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