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SUMMA It\.

,JOH, TONG HYUB, ANI) GOLI)STEIN, MENEK: Isolation and (-haracterizatiomi of multiple

formns t)f phemlylethamn)lamilie N-methyltransferase. ]Iol. Pitarinacol. 9, 117-129 (1973).
Phemiylethamioiamnine �V-methiyltramisft-rase (EC 2.1.1) iu’as purified front t.h(- supernatant and

particulate fractions of bovimie adrenal medulla. The bulk of the (-mizyniatic activity was

associated with the supernatant fractiomi, but 15-20% of the activity was found to b- as-

sociated with the particulate fraction (100,000 X q sediment). The enzyme from the particui-

late fractiomi was solubilized and l)artiall� purified. The emizyme from the supermiatamit fraction

is’as isolated in pure form amid has a molecular weight of approximately 40,000. The enzyme

also occurs in two higher molecular forms, with molecular weights of approximately S0,000

and 160,000. Differemitly charged isozynies i�-ere separated from the low molecular weight

form of the emizyme by DEAE-Sephadex (-hromatography amid polyacrylamide disc gel

electrophoresis. Amino acid analysis revealed a relatively high content of dicarboxvlic

acids or their amides amid the presemice of hexosamine. It is possible that the charge isozymes

may arise by deamidatiomi, or that a difference in th(- carbohydrate residues exists. The two

major charge isozymes (designated here as B1 and B2) are indistinguishable from each other

On immumioelectrophoresis. The immunochemical analyses revealed heterogeneity of adrenal

l)ilemlylethanolamille N-methylt ramisferase among different species. It appears that tile
corticoid-imiducible, mammalian adrenal (-mizynie is imniumiologicailv (listinguiishable froni

the uninducible, frog adrenal enzyme.

I NTRODUCTION

The enzyme l)ilen�’lethanolamiIie N-

nn-thvltransferase (EC 2. 1. 1 ) catalyzes the

comiversion of norepinepllrine to epinephrine
( 1, 2). It accepts as substrates various phi-n-

yleth�’lamines which possess a f3-hydroxyl
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group at the side chain (2). The enzyme is
present in the soluble fraction of time adrenal
medulla , amid S-ademios�-lmnethionimie serves

as methyl donor ( 1 , 2).

The present report describes tile purifica-

tiomi amid! charact-rization of muitiplo- forms of

bovine adrenal plienylethamiolamimie N-

methvltransferase. Partial characterization

of the major molecular species was accom-

plisiled by means of 1)iiYsicociiemicttl itIldi

immunological analyses. The imltera(-t ion of

ral)bit anti-enzyme antiserum with enzyme

from tissues of differ(-mit sl)e(-i(-s \VIIS I1l5()
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investigated. Prelimimiary reports on these
studies have been presentet! (3, 4).

EXPERIMENTAL PROCEDURE

Materials and Methods

[‘4CIS-Adenosvlmethi mimic with a specific
activity of 45 �Ci”�mole was oi)tained from

New England! Nuclear Corporation. Bio-
Gel P-100 w-as obtained! from Bio-Had!

Laboratories, and Sephadex and! 1)EAE-

Sephadex were obtained! from Pharmacia.

All other compounds w-re obtained! from

various commercial sources.
Enzyme assay. Enzyme activity was as-

saved! as previously d!escribedl (2, 5), using

phenylethanolamine as sul)st rate if not

otherwise stated. In some experiments the

enzymatically formed products were sepa-
rat(-d from the substrate as acetylated

derivatives i)y paper chromatography (6).
Under the standard assay conditions the

incubation was carried out at 37#{176}for 10

mm. One unit of phenylethanolamine N-

methyltransferase is defined as the amount

which catalyzes the formation of 1 pmole of

product in 60 mm under the standard assay
collditioliS. Specific activity is expressed as
units per milligram of protein.

Protein was assayed by the method of
Lowry et al. (7), except in monitoring column

effluents, when the optical density at 250

nm was taken as a measure of protein
comlcentration.

Polyacrylamide gel electrophoresis w-as

performed by the method of Davis (S) and
Ormistein (9). Electrophoresis was carried
out in 0.4 � glycine-Tris buffer, pH 5.2, at
3 mamp/tube at room temperature, using

7.0 % gel if not otherwise stated. In some

experiments the electrophoresis was carried
out in 0.05 M Tris-HC1 1)uffer, pH 8.2. Amido

black w-as used to stain the protein on the

gel. To test enzyme activity gels w-ere sliced

ilito pieces, and each jiece was dispersed in

0.5 ml of 4 miur potassium phosphate buffer,
pH 7.3. The activity was tested in these

mixtures by the standard assay.

Electrophoresis on polyacrylamide gel

containing sodium dodecyl sulfate was car-

ned out according to the method of Shapiro

et al. (10). For molecular w-eight deter-

minations by polyacrylamide gel electro-
phoresis standard proteins and the purified

enzyme were incubated! for 4 hr at 37#{176}in

0.1 M sodium phosphate buffer, pH 7, con-
taming 0.1 % SDS2 and 0.1 � mercaptoetha-
nol. The mixture was tileli (iialvzed for 14

hr against 0.01 �im SOdiiIlm phosphate l)uffer,

P11 7, contairnng 0.01 #{182}�SDS and 0.1 #{182}Z
mercapt oethanol.

To distinguish between a size isomer
family of rroteins and a cilarge isomer
family of proteins tile disc gel electrophoretic
procedure described by Hd-drick and! Sfliitil

(11) was used!. Isoelectric focusing in poly-

acrylamide gels was perfornwd by a modified

procedure of Righetti and! 1)rysdale (12).�

A i alytical ultracentrifugation . Centrifuga -
tion was performed iii a Spinco modlel E

analytical ultracentrifuge equipped with

ultraviolet absorption optics and a photo-

electric scanner. For the d!etermimlation of
molecular weight the column height and!

motor speed were adjusted to enable use of
tile meniscus depletion method developed

l)y Yphantis (13).

Aniiiio acid analysis. A solution of enzyme

containing 1 mg/mi of prot(-in was dialyzed

exhaustively against distilled water imi the
told. Tile saniples were then hydrolyzed

undler vacuum with 6 x HC1 for 24 hr. The
acid hydrolysates were analyzed with a
Beckman model 120 C instrument according

to the procedure of Spackman ci al. (14).

In? inunoch em ical Studies

liii lflUfl izat ion of rabbits. Purified j)ilen3l-

ethanolamine N-metilyltransferaso- (after
the DEAE-Sephadex purification stop) in

0.9 % NaCl was emulsified with an equal

volume of complete Freund’s adjuvant.

Immunization was performed by injecting
1.0 mg of enzyme in 1 ml of adjuvant in

divided doses at four intramuscular sites.
The injections were repeated every 2 weeks

for a period of 3 months, and the rabbits
were 1)led 1 week later. Ill some experiments

about 1 mg of purified enzyme was subjected

to disc gel electrophoresis, loading 100 �g of
protein on each of 10 gels. Tile protein hands

2 The abbreviation 115CC! is: SDS, sotlium

dodecyl sulfate.

S. Lee -Huang, unpublished data.



TABLE 1

Purification of pheti ylethanolarninot _V-inethyltra nsferase obtained froiit supern(lta ii t fract ion of bovine

adrenal medulla (200 g of bovine adrenal medulla)

Purification step Volume Total Fatal Specific Vield Purification
protein activity activity

ml ing units units/mg (/() -fold

(NH4)2S0, � 1)Pt 250 8,400 198, 240 23.6 100 0

(NI14)2804, 35-�5O�)�: l)Pt 50 1,050 122,64k) 116.8 62 5

Sephadex (4-100

Fraction 1 40 582 72, 284 124 . 2 36 . 4 5.3

Fraction 2 30 152 66,394 436.8 335 18.5

PH 5.5 stipermiatamit 28 98 60,642 618.8 30.6 26.2

First DEAE-Sephadex A-50 5.0 21.3 41,045 1,927.0 20.7 81.7

Second DEAE-Sephadex A-50

Fractiomi 1 1.0 2.3 4,570 1,987.0 2.3 84.2

Fraction2 1.0 3.9 10,667 2,735.0 5.4 115.9

Fraction 3 1.0 3.8 11,348 2,989.0 5.7 126.7

Fraction4 1.0 3.0 7,389 2,463.0 3.7 104.4

FractionS 1.0 2.4 4,637 1,932.0 2.3 81.9
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(3-4 mm wide) were cut out of the gels,

extruded through an 15-gauge need!le, timid

allowed to stand in au equal volumne of

0.9 �:; NaCl for a few- hours in the cold. Ami
equal volume of complete Freund’s adjuvant
was adld(-(! and thoroughly mixed. Tile entire

mixt nrc was inj ected subcutaneously imito

rabi)its, and the immunization procedure

was ro-peated at the same time intervals as

described! above. The antibodies in the serum

were tested against the antigen by Ouchter-

lony immunodiffusion analyses (15) and

mieroimmunoelectrophoresis (16). Immull )-

globulin w-as precipitated from the serum at

40-SO ‘:� saturation with ammonium sulfate,
or ill 5()�C experiments was further purified

on DEAE-cellu.lose (17). The active sera

were stored at - 20#{176}.

RESULTS

Purification of Bovine Adrenal Phenyletli a not-

ani lime N Methyltransferase

All steps were carried out at 0-4#{176}unless

othenvise specified. Fresh or fresh frozen

adrenal medulla (about 200 g) was suspended
in 800 ml of 0.23 xi sucrose and homogenized

in a Waring Blender for 30 sec. The homoge-

nate was then centrifuged for 10 miii at

700 X g, and the sediment was discarded.
The supernatant fraction w-as diluted to

1800 ml with 0.25 ui sucrose and then de-

canted through four layers of (hleeseclotli t()

r(-nlove the fat. The supermiatamit fracthn

was themi c(-ntrifuiged at 1()0,000 X �i for I hr,

and the pre(-ipitate wtis r(-nlov(-d. TIn-
enzyme was purified! from the sup(-rnat nut

and particulate fractions separately.

LSupelnatant Jraction. A summary of the

results of the purification of plleliyletiltuuiol-

tin-iiiie N-methyltransferase from tile super-

natant fraction is shown imi Table 1. Follow-
ing cilromatography on a Sephadex G-100

column two peaks of emlzymatic activity

were found; niiicii higher specific activity

was present imi the more slow-ly moving J)ettk

(Table 1), and this material was us(-d for

further purification. \Viieii the peak with tile

lower specific activity was rechromato-

graphed on Sephad!ex G-100, th(- elution
pattern again show-ed two peaks of activity,

with the higher specific activity present imi

the slower peak. When the enzyme purified

on a 1)EAE-Seplladex A-SO column was

rechromatographed OIl a second! 1)EAE-
Sepiladex A-SO column, five tubes with high

enzymatic activity is-crc separately collected

(Table 1). The most active enzyme obtained
by this procedure had a specific activity of

approximately 3000 units/mg when assayed!

under standard conditions. At tius stage

the enzyme could be stored in the presence

of dithiothreitol at - 20#{176}for 3 months with-



Purilicatiomi steji

I�uriJieat 1011 of p/i in !//ct/l(I ii (11(1111 �ii1 .V -met/i ��ltra nsferase obta i iieil _froin part i i u late

avlr(n(ll fliC(/lll/(l (200 g o_f bovine (u/ren(il 110(11111(1

Vi)lunle total lotal SjM-cit�ic

l)roteill activity activi I y

nil ing

250 2,380
25 .394;

units

41,174

23, 482

fr(1(1 1 011 of bovine

\ield Purifi-
cation

( � :tuld

100 0

57.0 34

upiit.c,,i�

I7�
59 3
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24) 262 15,799 603 35.4 :t5

2 7.9 4,5(M) 54;ui; 10.9 :32.9

out a�iy loss of activity. All studies, if not
otherwiso- state(1, �uere carried out with

eIlZ�VrilP preparations from the supernatant

fraction.

Particulate jraelion. TIlt- 100,000 X g

sec!imeiit \\��%5 susp(-midle(1 in 400 ml of 0.25

�m suo-ros(-, honlogenized g-mmtly, and! thell

(-(-ntrifug(-dl. The p(-liet \\��(5 washed three

tinl(-s �vithi 2()O nil of 0.02 �u j)�tassiumnl p1105-

j)111t( i)uffer, pill (i.5. \lio1uots of each wash
\\�(,[( assayo-(l for tmizvmiiiit i( act ivitv, and t lie
lttst � cOIltltilie(l less thami 10 � � of the

at-tivity of the original wash. ‘FIle pelk-t �
stlspelldled! agaili ill 2(X) nil of 0.02 �i Piles-

phtite l)ufl(-r, timid the emiz�mi�e � soluI)iiizedl

with the (letergelit (1utso-un� by tile saflle

i)ro)(-(-(lure as i�ro-vi� llsly deso-ril)edi for tin-
So mlIll )1 lizat 1( )1l ( )f (!( )l)tl 1111 Ii( - (3-hvdr )x\-laSe

( 15). rl�i1(, SOluii)ilize(! enzvmo- was j)urlfie(1 1)y

(NI-I )2S().1 frad-tioliation ttIi(l thd-n further

I)til1ui((! I P, (imF( 1ilttt I gmttpiiy on a Bio-( ;(-l
P-1O() o-oluln�n. (1imromnatography OIl Bio-

(�-l l�-10O \iel(l((1 tw#{149}()petiks of activity;
the higher spet-ifit- tI(tivity was found in tile

nlo)r(- slowly filo)ving j)ettk (Table 2). \Viien

tilt j)(�tk with thit- lower sp(-cifi(- a(-tiVity was

m(-(-hn)nlatographe(1 1 am 1�io-( el P-10(), tIm-
eluttiomi pattermi agaimi showo-d t\V() peaks of
activity, with tilt- higii(-l specific activity
J)m’eselit in tiit- slowem i)(ttl�. �Fime results of the

I)uirifi(-atiomi 0 )f PlienYh(-t halmolanliun- A�-
miiet h�ltransferase froni the j)articulate frac-

tioli (the same j)I’epttrtlti(i)l1 tts pr(-s(�nt(-d1 ill

ItI)h( I ) ar- suinullariz(-(! ill �lTttt)l( 2.

Elecliophorelic S(i�1ie.s

1� ilvacrylanmido- (list gil (-l(-ct rophoresis of

tli( j)tiflfi((! (IiZVflle j)m(-paratio)ns ()i)tailied!

from tiit sul)o-rnatant (after the first 1)EAE-

(NIL4 2504, 80� 1)Pt

(N114)2S04, 35--50� ( 1)1)1

Bio-(’zel P-l(X)

Jraitiiimi 1

1 rartiomi 2

Sephadex chromat )graphy) and particulate

(after Bio-Gel P-100 chromatography) frac-

tions r(-v(-aied several protein-staining hands.

rn distrii)ution of emizyme activity among

the gel st(tiofls after (!isc gel electrophoresis

( )f t 1i - supt-rnat ant �-i�zyn�e pro-�)aratioml is

shown �I1 1’ig. 1. Tue -mlzynlatic tl(tivity was

tlss()(itite(1 with sevi-ral protein btinds amld

seeflledl tO) i)0 prop�rtioIlal to tImo� (IeIlsitS’ of

timo-- staint-(1 proteins. The activity patt(-rn

Ol)t�1ine(1 after elutioml of protein from d!isc gel
(-lectro )j)in)ro-sis of the i�articuiiate fract ion
w�as simmmiiar to that (if the supt-rnatant Pr(-P-

aration. The enzymatic at-tivity was asso-

(itite(l nlaillly �vith j)I��t(i1i I)tiIl(ls iol)(-ato-d in

til( flIi(Idle of the g-l.
Po)lya(-rylamide diS(- gel elect ropiloresis

patterns of tile five enzyfllaticaliy a(-tive
fractions obtained after the so-conii 1)FAF-

S(1)ilttd!(X (-hron�at( )graphy ar(- siiowmi in 1’ig.
2. Eticli fraction sho\ved tine or tw�o major

proto-imi-staining 1)amldS. Fractions 3 timid! 4

(ttcii o-xhui)ited a rriajor 1)ro)teimi baud! with

diffo-r-iit electr(pilOretic mol)ility.

The i � )lyacrylanlid!e disc gel electroph mr(--

sis pattern t)f the eomllhined fractions 3 tlIi(I 4

is siiotVIi Ill F’ig. 3. Electropimoresis of time

(()fl11)i tied fractiomis gave two maj or p�#{176})t 0-in

l)�lIllls (B1 alit! B2), both enzymati(-ally

act we.

\Vhemi i)alid B1 wa� iluited from timi- first

t-lectrophioresis gel mind! subjected agaimi to

elect rophor(-sis, small a fli( mullits of 1)and 1�
(approximately 20 #{182}� of the amount of band
B1) were generated. Wiit-Ii l)alid! B2 was sub-

jectt-(I to secon(l electn)phor(-sis, no ii�-w pro-

tein bands wer- g(-nerated.

rfii pattern given l)y el(-ctrofocusing of
tue (Ofl1I)illed! fractions 3 an(i 4 in a w’i(lt- pH

‘F.iBLl 2
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SECTION NO.

chromatography Oil the second! l)EAI-
Sephadex cOlliflifl revealed a thir(l j)rot(-ili

1)alldl , witii till isoelectric l)()iimt 1)0t \V( (Ii

approximately pH S.0 tiil(! S.5.

It was sho�vim ttl)ove that the tIiZ’sflle ac-

tivity is t155O(iated with s(-veral prot(-i mi
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MIGRATION DISTANCE IN CM.

FIG. 1 . 1)istribution of p/men ylethanolam iiie N-meth yltransferase (PIVMT) actinity after polyacrylani ide

gel electrophoresis

A 25-�l aliquot (50 �g of protein) of enzyme preparation from the supermiatamit fm-action (ibtaimled

after the first i)EAE-��ephadex A-50 purificatiomi stage was layered onto the gel (120-mm lemigth). The

sample was run for 120 miii. The umistained gel was sliced into 2-mm sections as described imi the tt-xt.

The proteins were staimied on a gel run in l)arallel with the gel shown to detvrmiiine the distribution of

enzyme activity, amid the positions of the bands are depicted above.

range (pH 3-10) was somewhat similar to
the convelltional elect rophor(-t ic patt (-rim.

Two protein-staining hands, though �oOri�

resolved , were visible, witil isoelectric points

between approximately PH 5.6 amid 6. 1.

Isoelectric focusing in p()lyacrylamide gel of 1�uut�� for Charge Isozyines

the transfo-rase obtained! from the combined
five enzymaticallv active fractiomis after
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I”mn 2. /‘/i oloqra p/i of pal !/a(r ha Hi i (Ic tie! (‘lot ro.

p/iort.�is of the jive (iiZ)/iflatUally active .fract?on8

(1/11(1? ?l(’(I (lf/(r .�eeon(/ c/i rooia/oqra /)h !/ Oil 1)L’A B-

�ep/ii:iIe.r .4 -50

‘the samples (1(K) j�g of protein iii cacti gei) were

iii mmfor 90 nhmmi. The aiwde is at the hot torn. ( els

were (11-vt-loped as described imi t he text.

il(IVltlIlli(!t. liii ut-stilts J)Feselltt(l ill 1’�ig. 4

sllo\\ tlitit who-u tIme iogarithni of protein
mll(i)l)ilitV (relative to (lye front) was Piotte(l

with respect to acrylamido- gi-l coml(-ent ration,

a fanmily of parallel limies \!��f5 O1)ttliiied. Pro-

to-ills whit-h dhff(-r in charge but not in size
givi- 511(11 tI patto-rmm.

]Iolecular lI’eiq/its oj 1)�ffeienI /l(�j.))p5 of the

Enzyme

(‘/iioniatoqiap/oj Oil �Se/)1la(1(’.r G-200.

Sepiladt-x gel flit ration t-xperiments were per-

fornmt-d to t-stiniate the molo--ular wd-ight of

d!iff(-ro-nt forn�is o�f phenylethanolamino- N-

met h�-ltransferase. Si-phadex G -200 chro-

.�,

i )ttIl(l5 oh )t alml( �(l 1�y j)()l�acrylt1 nmide gel dec -
tropho)r(-sis (l”ig. 1 ). The (-nzyme PreParatio)n

�bt aimle(I aft t-r t he first 1) EAE-St-phadex

clironlatography was subjected to eleetro-
phoresis on gels with different po-rcentages of

Fin. 3. Photograph of poli�acrqlainide gel elotro-

phore.s’is of co,libj,,e(l fraitions 3 and 4 obtained after

secoii (I c/i rOmfl(ItOqr(1 p/i y OH 1)EA E-�ephadex A -50

The emizvnie WitS siihjected ti) eleit rophoresis as

described in Fig. 2.



matography of the enzyme preparation ob-

tamed after the (NH4)2S04 fractionation step
revealed three active forms of the enzyme
with different sizes (Fig. 5) . Based on cali-

bration of the Sephadex column with pro-

teins of known molecular weight (Fig. 6), it
can be estimated that tile enzymatic activity

peaks correspond to molecular weights of
approximately 40,000, 50,000, and 160,000.

c4� 100

� 140

S

180 -

::�T_�_ � slope -2 40

- ��--�: � - �-.--�

� 51051 �2 92
� . �-�-------. slope -290

. . ---. slope -291

120 -

100 -

4 6 i a 12

FIG. 4. Effect of differing acrylamide concentra-

lions on in igration of ph enylethanolanoine N-

melhyltra nsferase isozymes (tori?) g electroph oresis

on polyacrylamide gels

A 25-M1 ahiquot (50 �g of protein) of enzyme

preparation from the supernatant fraction ob-

tamed after the first DEAE-Sephndex purification
stage was layered onto the gels with different
acrylamide (-omicentrations. See the text for
details.

Tube number
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Polyacrylani ide gel eleeti-opli om.esis in .‘2()diU in

dodecyl snifale. When the purified -nzyme

(after the first DEAE-Sepiiadex purification
step) was subjected to gel electrol)horesis in

sodium dodeeyl sulfate, a single hand was

obtained (Fig. 7). A molecular weight o)f

approximately 38,000 was estimat ed from
time migration of this hand relative to those

of several of other proteins of known poly-
peptide chain molecular weight (Fig. S).

(Jltraceimtrifngatimi. The purified enzyme

(after the first DEAE-Sephadex purification
step) was analyzed in a model E tuialytieal

ultracent rifuge. The patternS ol)so-rved
showed a homogeneous, symmetri-al p(-ak

which slightly �videmmed as it move(1 (lown the
cell (1’ig. 9). A sedimentation coefh(-ient

� with a value of 3.5 S was calculated.

I\Iolecular weights were estimato-(1 by re-

cordling sedimentat lOil e(jUihii)rlulfl1 dat a at

. slope -2 91 various concentrations of time transfo-rase.
The values seemed to ho- indepenth-nt of con-

c-entration in tile range from 0.7 to I mg of

prot(-in per millilit er. At t hese pri t (-in con-

centrations a minimum molecular weight of

38,500 and a maximum molt-cular wi-iglit of

39,600 w-ere calculated.

Amino Acid Analyses

Amino acid analyses wer- carried out (in

enzyme 1)rei)aratiomls from fractions �3 and 4

obtained aft er t he second I)EAE-Sephadex

chromatography. The data in Tahit- �3 simow

that the amino acid (-ompositio)n of phenyl-

et hanolamine N -met hvlt ransferast- is similar

FIG. 5. Sephadex G-200 colunin chromatography of phenylethanolamine .V-mcthyltraiisferas-e

Protein (approximately 30 nig) obtained after the (N114)2S04 frat-tionation step wa� applied to a

colummi of Sephadex (4-200 (2.5 X 95 cm) and eluted with 0.01 M Tris-HCJ, pH 7.3. Proteins of kmiown

molecular weight were co-chromatographed omi the same column. The ehumtion peaks for proteimi standards

are indicated by arrows. A1)H, alcohol dehydrogenase.
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08 -�- ,Myoqlobulin

. Irypsin

e,LDH
‘\ PNMT

04 - ,Os�ltlurnin
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Itlidi 1� following I)ol�ac-r�’laniide (usc gel

electrophoresis (emmzvnie antisera B1 and B2).

ligure 10 siut�iws that antiserum I gave a

simigle long precipitin are- with purified i)ovine

adrenal phenylethanolanuimio- N-methylt rans-
ferase on immunoeiectro)pht mresis. Higher

(lualltit it-s t )f amit igen produced! tw-o precipitin
arcs with the same antigemmic mol)ihty hut
with differd-nt diffutsiomi ratt-s.

6
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‘111 C

Fm ( . 6 . 1)eter,iiii at i on of iiu)lee a la, iiei gh t (�f
p/i (‘ii !/l(th a 1(01(1 iii iii C .V - IIi(Ih yltra n.s�ferase (P.VJ! 7’)

Ii 1/ S(/)/i (1(1(1 G-200 (‘01 a in ,, 1h roiii (I/O(/raph �j

‘l’Iie l ramisferase amid prote ns i if kmi �vmi mniilecim -

1 :i m’ sveiglit is-crc i-hmomnat i )gma�)h(-(I ( am I he coliimnmi

(1(51 mml)((I I mu Fig. 5. l]iut u mu volumnes svere detem-

mu i mnd f 1- t he t liree 6 rmis d PhemiYl(-t hamid anii ne

.\ mli(-l li�lt ramisferase :imi(l f )r I he Prot eimu st amid-

:L 1(15 . a li(I I liese vat ues sv(-m(- imse(I t ( I cahiil a t e t luei i

St i kes mdi i by I lie 111(4 mmd of A(ktls (19 ) . Values
of 4.74) man for isozvnmi- 1, 2.70 mini for isozvnle 2, and

1.28 mimmi for isozvmne 3 wore (11)1 aimued. 1�om protein

stamulards the values wert- simhhilam-to I hose ro-ported

l)V :\(kers (19). Al )ll , alcohol dehvdrogemmase.

iii frtu-t D)1i5 3 timid 4. The major (!is(-re�)am1cy

between tht two fractiomls is timo- -ontent of

tIlm�(()miim1i� ttIi(1 serimie, \Vhiicll ar(- kmmo�vn to i)e

habib - umi(ler t he oi )mi(!itions ( I! ttti(l hydlrOl-
ysis. ‘I’iii- t ransft-rast- is espt-(-iallv rich in

thit- (licttrbOXVlit tt(i(l5, glutanmic acid tuid
asj)artio- ticid!, or tho-ir arnid!t-s, as �vell as in

argimiin- and leuit-iiit. T1n analysis also re-

vt-tilitl tin- J)ro-s(-mm(-(- � 1� Ilexosanlimic �

t()t�tl tomittmit of j)roteimi imi I)ttll fractions.

liii in u nocIiemn ical (‘haracteiizatioii

�1’hirt-e samples of amitist-ra �vt-rt- i)rtPar(-d.

( )mie was pr(-part-(1 with tilt (-lizynmo- �

tiomi (ibtainedi aft -r tin- first l)EAE�Sephadex
(#{149}(ilutmimmichirofllttt ( )graphy (emizynle amitiseruni

I). The otiler two samples wt-re pro-pared

with emizymt- pr(parati( ins after separate

ehuitii )liS fr( )fli t ll( - gels of prot(-ilm t)all(IS B

Fm G . 7 . Electroph ansi s (if ph en yleth (: ii ola in inc .\ -
auth i�ltra n.sfera.$e On .‘uieli (illi (I()(I((i/l ‘i ulf at e-

pOl!/aer!/la i,iide gel

A 10�� acry1arnide-0.30� bis-gel in � SI)S
ss-as emnl)l()ved ; the direct iomu of nugratiomi is fronu

top to hot toni. Eruzynue preparat ion (0.05 mg)

obtained fromn the iooled fractiomis after the second

I )EAE -Sephadex A-SO cal oman chromatograpluy , in

0.05 ml of soditirn phosphate buffer (pH 7.1), 0.1 ml

(if glycerol, 0.005 nil of bromnphemiol blue, amid 0.005

nil of niercaptoet banal, was aj)plied to a 9-cm
51)5 gel. Electrophoresis was carried imut for 1.5

hr at 4 muamp gel.
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Figure 11 shows that antist-ra B1 and B2

gave a single precipitin arc with purifit-d

bovine I)ilen�’lethan()ltinlimie .V-nut-t hylt raums-
ferase. When antisera B1 and B2 wer�- mixo-d

together, or individually with antiso-runi I, a

single arc was also obtained on immunoc-leo--

trophoresis.

Cross- reactivity

Interaction of antibi idy with pimi-nyl -

etllanoiamine N-metimvlt ralmsfi -rast- fro aim

gel

- - PNMI 3 390015

Peroxidase

A 10�� :lcrvImu11hide-O.20� his-gel imi ().1�( Sl)S

was employed. The gel buffer was 0.05 ii sodium

phosphate, pH 7.1. Saniples were subjected to

elect r()phoresis for 1 .5 hr at 8 mamup/gel at 25�.

The relative migratiomu (I?,,) �if the proteimus was

estimhuated is descrih)ed by liii ncr (20). Li )I1,

a(-tate dohydrogemmase.

otiiei 5tiuim�oc5 � imlv(-stigatetl. Imi tlotlbie-

(hiffumsion reactions �vitIi thit- tultibodly, hin-s (if

prt-o-ipittttiiiii \\t��t ( )i)tttilI((l ivitli pimemmyi-

(-timanolanumie _V-nu-thyitramisfi-rast- fromii rat

‘l’.siiLL 3

.4 in i ii a ac id co-ni pos i t � on of boti ii ( p/i c ii !,lel/i a ii ol -

(lilliliC .\� -nut/i !/llran.s.jerase

.\ll figures are avem-ages of vahmu-s fronh tsv() amual-

yst-s . ‘I’hit- miumhhber if resilues ss:ms alculat -d by

assumiii mig a mia iloriil a m ssei gut � if 40,(KK) fi ir t he

Pm toi mi

.-�niino aci(1 Nearest integer

Iraction 3 Fraction 4

S

29

:30

10

19

50

25

:1:3

11

30

14

‘(7

6

6

12

FIG. 9. �S’chlieren patterii of purijie(l phenylethanolaniine .V-,neth !iltr(z1i.sferase ‘iblaiiad in Spiioo iiiodel

E ultracentrifuge
Emuzynie obt aimied mifter t he first I )EAE-Sephmadex colmmmmi chroniat ography was icmit rifuged at 52,60()

rpm� (3.3 rug of proteimi per milliliter, double-sector cell) at 5#{176}.Photographs, from left I o right , we-ri- t aken

at 8, 32, amid ;4 mm.



126 JOH .� ND GOLI)S’I’EI N

Fi n . 10. 1 iniiiu ii oele(’trop/( oret ic a ii (ilyses of

p itrified p/i en 11et/ a ii ola in in c .�,‘ -myth !IltraI(sferase

ag(zin.si 100 �Ll of rabbit aiitiserunc I

The 1)011cm was sodiimn� barbital, pH 8.6, ionic

stremigth 0.1. 1�Tpper: the ti��per well contaimied 10

�g of emuzvmnt- ; the lower well contaimied 7.5 Mg.

Lower: time upper well contained 5 Mg of enzyme;

the lower well iontaimue.d 7.5 �g.

21(1 r -mntis ttIi(1 iiurnan pheociiromocytoma.

Iigur(- 12 shows that tile enzyme antiserum

gav- tt simigle short arc with the antig(-n oh-

tttille(i frm the adrenals of rats. The precipi-
timi tll( i)1)taimletl with rat a(lrenal emizvnie ilad
a oliffi-rt-mit antigenic mol)ility front that oh-

t ained wit Ii tin- l)ovine adro-mial preparation.
Au imnnlunoelectrophoretic analysis of anti-

sertimii I agailist a mixture of antigens from

rat amid bovimie adrenals shows two tires with
fusion (one spur), imidicating some common

deterniintints of the amitibody reaction with

1)0th enzymnes.

(1n ss-reactivity to phenyiethanoiamine

N-nmt-tiiyltramisferase was also investigated

1)y enzyme inhul)ition studies. As shown in
‘Fable 4, an amm)unt of antiserum which

iflhlil)itedl homologous antigen by 95-100 %

inhibited time enzyme from human pheo-
chromocytoma, mouse neuroblastoma, and

rat adrenals by 45-60%. No inhibition, but
rather a slight enhancement of activity, was

observed upon addition of the antiserum to
enzyme preparations from adrenais of frogs

and olfactory bulbs of rats.

DISCUSSION

While this study was in progress (3, 4)

anoth(-r report described the purification

Fi� . 1 1 . Iiiiiii u noelectroph oret Ic a nalyses of

purified ph enylet/i a ii 01(1 lfl! ne .V -ineth !,ltransferase
against rabbit (mntisera B1 and B2

Comiditions were the same as described in Fig.
10. Upper: 100 M’ of amitiserum B1; the upper well
contaimued 5 �g of enzymne, and the lower well con-
taimied 7.5 �g. Middle: 100 Ml of antiserum B2;

the upper well contained 5 Mg of enzyme, amid the

lower well contained 7.5 �g. Lower: 50 Mg of anti-

serum B1 amid 50 pg of antiserum B2; the tipper

well contained 5 �g of enzyme, and time lower well
contained 7.5 �g.

of phenylethanolamine N-methyltransfer-
ase from the supernatant fraction of bovine

adrenal medulla (21). Although both proce-
dures are similar, one difference deserves to
be pointed out. Tile purified enzyme (after
the Sephadex G-100 purification step) be-

came unstable, and the addition of dithio-
threitol during the purification procedure
resulted in stabilization of enzyme activity.

The purified enzyme in the presence of

dithiothreitol does not lose enzymatic activ-

ity during the ultracentrifugation studies or

upon storage for several months at - 20#{176},as

previously reported (21).
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4 ‘r. II. Joh, T. ()huv-hi . amid �%l. I oldsteimi,

unpublished 01)5cm-vat iomis.

FIG. 12. Immnunoelectrophoretic analy.s(’.s of rat a(Irenal phen !/l(tI(a,iolamine _\-niet/i !,ltran.sfera.sc against

100 M’ of rabbit a,itiseruiii I

Comuditiomus were the samne as (h(-scril)ed in Fig. 10. The upper isell (omitaimied 5 Mg of (-mizvme ; the lower

well comitaimsed 5 Mg of rat adrenal emizynie. Hat a(lremial l)henYlethiamiolanhimIe .V-mnet hiylt ramusferase was

prepared as described imu Table 4.

Tsimmi: 4

Specificity of phen yletha nolain I lii, .V -met/i !,ltra os-

forasoc ut/c ibit to,, b!l � “ t ibody

Tissues were homogemmized 1mm 0.005 ii potous-

sium phosphate buffer, p11 7.3. The honuogemmates

were cemutrifuged at 4O,00t� X g for 20 mimi. The

volumes in the supermoat omit fract ion were ad-

justed to iomutaimi apl)roXimhhatelv 0.1 X 10’

umiit of enzymiie activity. Aliquots �if the sul)er-

natamut were mn(-ubated wit h 25 Ml of emizvmie anti-

serum I for 1 hr at room tenhl)erature, and bovine

seruni albunsimi was added to mhlaintain a roughly

constant protein -oncemit rat 0)11. Followi rig t he

incubation period the mixtimres were cemutrifuged

at 4(),00)0 X g for 30 mimi, timid aliquots of t he simper-

natamut were assayed for emizymatic activity.

Enzyme source Activity

� Control

The results presented in Tables 1 timid 2

show that- approximato-ly 15-20 � of the
enzymatic activity remains even after sev-
eral washes with the particulate fraction.

The particulate localization of the i)OVinc

adrenal transferase ��-as o-xamiried further by

gradient (-entrifugation and analysis of sev-

era! enzymt-s and cato-cilolanmines in the

isolated fractions. The hulk of tile activity of

the particulate enzymt- so-ems to 1)e asso-

ciated with nlicrosonlai niat -rial.4 I t is fl( te

ivortin- that the I)uik of l)artio-Illat(- tvmosine

hydro)xvlas(- tt(tiVity is tissocitited witii unto)-

chondrial and microsomal nuat(-rial (22). It is
conceivable that tvrosimit- hv(lroxvlasi- afl(I

pilellvlet hanolanuimie N - miu-t imylt rallst( -rase

are associat ((l wit ii nuenhi)ra i i( fragnmemmt s of

(-el!ular particies. Lvi(ience has 1)0511 ob-
ttiimietil that the transferas-, like tyrosine

ily(lro)Xylttse, exists in multiple forms 2111(1

that l)O)tii (-nzymes nuight be 501111)10- in situ

amid temm(l to aggregate ttmmd beconue a(lsori)e(l
to particulato nTlatt-ria!.

The (-iutiomm pattern froni Sephad(-x G-20()

indicates that th( enzvn�e (-Xists in three

different moie(-ular forms, wit hi molecular
weights of a�)�)roxinuately 40,000, S0,000, :uid

160,000. rI�i flmidimmg that on imuiniumioeh-t-t ro-

phor-sis imigimo-r (lutlmititi(-s of antigen pro-

duced tWo ttrcs with the sanie antig(-nic

moinlitv l)Ut ivitii (liffero-nt (liffusion ratt-s

indh-ates that the t-nzvme aggregatt-s to
high(-r mo)h-cular ��-eight sj)t-cit-s. rfil(� Dii ilec-

ular w(-ight (if :*,000--to,000 for the purifie(1
enzvnu(- Wt15 also o�IlO�tll2ltt(i fronu ultra-

cent rifugati mmanalysis :111(1 fr 1111 t In- o-lect ro-
phort-tic mol)ility tf tiuo- o-mizynue omi so(hiun1

dodecyl sulfato---polyacrylanuide gel. This

value is in agro-enuo-nt with tIn- �)r(-vi�l1sly

reporte(1 moio-(-uiar i�eight of 3S,()0() for

purifio-d PhlenYletilammolanhimi(- .�\ -niet hylt raris-

ferase (21).

The ele(t l�( ipiii )retit lat tern intlit-at es t hat
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tIle ptlmifit(! emuzymmit- t-tamsists of t\v() fliajor
pI()teiml bttmids (whicii weme arl)itrariiy (leS-

ignat(-d B1 ttmid B3) ttI1(l Sevem�ti! mimior pro-

t-imi l)tIIi(ls. nh lett(ls to t�vo imnportant

titmestiiilis. i’irst, what is the structural aIld

clienui(-:li basis of the niultiple forms
of pliemlvletiiamioltL miii n( 1V-niethy!tramisferase

timid, st(Oll(i, ��‘hi�tt is th(-ir origin? Tue results

l)I�(stI1t((1 ill. this pap(-�’ in(Iicate tiiat tue
lilUltij)ie formns are charge isozymes with tue

Stimile niolecular \\-(-ight. IHIow-evo-r, it is not
\�t i-it-ar \Viiethiel the iSoZvflles are tirtifacts

formni-d (luring the J)tiriflctlti(1i J)rocedure or

whi-tlit-r they u-o-um mitotllrallv. It uvtts not(-d

tinil all emiz�nit l)rt-paratiolis, regardless of

the l)umiht-atioml stage, sho�ved niultiple 1)2111(15
of activity tomid that these btinds did miot
chamige sigmiifieaiitly in the course of tiuo-

piiriflo-ati#{176}mm. Time 1)1)SSii)iiitV that all niultiple
bands �vo-ro- fortlied aS artifacts (luring the
tlttttophtmrtsis (lt)es iiot �eeiii likely, on the
basis of the following o-xperimlients. Iirst,
each of tue fivo- o-mizvmntiticallv activi- frac-
ti(i)IiS tibtttimied after the second DEAE-

Sephadex -hr inutit )grapimy showed a differ-

i-mit 01(Ct ropht )ri-ti(- J)att(-rmu. Second, isozvnie

1-b gt-rm(-rate(1 only a snitill ani()unt of isozyme

B:i after the ScOomill electrophor(-sis. ‘I’hus the

rat(- of imiteroomuversioimi of the i5OZVfli(�S may
havt- 1�eemi at-celerated (luring the electro-

J)iu()resis tllthl(fllgii originally sonic isozymes
I-nay iittve 1)eeli fornietI in the living (-eli. It is

j)oSsii)le that the charge isozvmes may have

r(-sult(-d fromn the samiie prot(-iri with various

(lo-gr(-( �5 of tlflli(lttti( )n or various carbohy-
drate r(-sidues. Sinc - pimemi�rlet hariolaniine
N-nlethyitransferase is ri(-h in dicarboxylic

itoi(ls 2111(1 eo)mit2lins lu -xi )521fliuIie, 1)0th j)OSSi-

1iilit it-s (Ies(-rve further invo-stigation. \Ve

\�5)Ul(! like to postultite that, 1)ecalise of the

(liffi-r(-nt-e imi charge, the various isozymes

Iiltlv 1)1- foutid (liffert-ntlv \vitilill the cell,
\vit ii varyimig fumictiomiai or catalytic activi-

ties.

It is llotew-t)rthv thttt not only phemiyl-

ethiamiOltifllifl( N-methyltransferase but also

other sohibli� pioteimi constituents of the

chmr( )nitiffiui grammules, sttt-h as chromogranins

(2:�, 24), comlttun large anuounts of acidic

amnimio) acids. (‘omisideration might be given

to the possibility that the acidic aniino

flhi(1S or their amniolt-s are imivolved in the

imitera(-tion of these proteins with tile grami-

ule memi)rane.
Axelroal aiitI Vesell (25) have shown that

tidrermal phenyletluanolamine N-methylt rans-

ferast- is heterogeneous among different
spe(ies w-itii rt-spect t() electrophoretic mobil-

ity on starch i)locks. \Ve have showmi that

the Prt-(-il)itin arc oi)tttilled with tile rat

enzyme has a different antigenic mobility

from that ()1)ttlilie(l witii the bovine adrenal

tramosferase. ,fi spur formation seen upon
imniuno)electrophoresis of enzyme antiserum

against a mixture of 1)Iien�letiiaIiolamilie N-

niethyltransferases from rat and bovine
adro-mials also imith(-tltes enzynie heterogeno-ity

111 these two species. The partittl illIllbitit)mi of
tho- o-nzvme from human pheochromo-

cytoma, mous(- no-uroblastonia, and adrt-nal
glands of rats produced 1)V quantities o)f

amitist-runi sufficient to inhui)it the bovimle

tidremia! enzyme completely niay be attrihut -

able to antil)odv heterogeneity, or more

probably, to enzyme heterogeneity. The
enzyme from frog adrenals and rat olfactory

bulbs is not inhibited by antibody. It is

flOt(’sVO )rthv that phemiylethanolamine N-

methvlt ransferase in mammalian adrenal

glamids is imlduced by ciirticoids, whereas the

frog em�zyme proba1)l� is uninducible (26). It

appears, therefore, that the antibody does
Ii(!)t cross-react �vith the corticoid-uninduci-

ble form of tile emizvme and that tile two
forms intuv he inimunologi(-aliy distinguish-

2t1)le.

AcKxo\vLm:m)GMENrs

‘eVe are indebted to \lr. F. Zaboretzkv of New

York Umiiversitv Medical Center for carryimig out

the ultracentrifugal analysis. We also thank 1)r.

Sylvia T�ee-1Iumang (if New \i)rk Ummiversity

NIedical Cemut er for carryimug ut t he isoelectric

focusi rig elect rophoresis , and l)r. Michael Lamm

amid l)m. Louis Fisimmnoui of New York University

for carrying omit the anuimio acid amualyses.

mtE FlutE NCES

1. N. Kirshimer amul NI. Goodall, Biochim. Rio-

phys. Acta 21, 658-0159 (1957).

2. J. AxEI�mtoD, .1. Rio!. Chein. �37, 1657-1660

(1962).

3. M. Goldstein, 11. (am1g, and T. H. Joh, Fed.

Proc. 28, 287 (1969).

4. M. Goldsteimu amid T. H. Johm, Fed. Proc. 29,

278 (1970).



MULTIPLE FORMS OF PHENYLETHANOLAMINE N-METIIYLTRANSFEI4ASE 129

5. II. J. \%‘imrtnuamm, 1. Nobel, amid J. Axelriid,

Endocrinology 80, 825-828 (1967).

6. \I. ( 1oldstein timid J. F. Comit rem, .1. Flint.

Chew. 237, 1898-1902 (1962).

7. 0. H. Lowry, N. J. Rosebrough, A. J. Farr,

and H . J . Ramm(Iall , .1. Biol. Chew. 19�3,

265-275 (1951).

S. 13. J. l)avis, Ann. .V. 1. _4cael. Scm. 121, 404-

427 (1964).

9. 14. Ornstemn, An,u. .V. 1. Acne!. �Sci. 121, 321-

349 (1964).

10. A. L. Shal)iro, 1.. \iIiUela, ami(1 J. �\Iaizc1,

Bioeheen. Riophys. Res. C’omnoun. 28, 815-
820 (1967).

11. J. I�. Hedrick amid A. J. Smnitli, Arch Bim-/ie’in.

Biophyi-. 126, 155-164 (1968).

12. P. Highetti and J. \V. 1)rysdale, Bioehi,n.

Biophys. Ata 236, 17-25 (1970).

13. 1 ). A. Yphamitis, Biochemistry :3, 297-317 (1964)

14. 1). 11. Spackmami, ‘I’S’. IT. Stein, amid S. Moore,
Anal. (‘hem. 30, 1100-1206 (1958).

15. Q. ()ucimterlomuy, Progr. Allergpj, 5, 1-12 (1958l.

16. .1. J. Scimeidegger, Jot. �‘lr(-/( . Allcrqi� .4 pp1.

Il/I111UI(Ol. 7, 103 (1955).

17. J. L. Fahey, .J. Rio!. Cheiit. 237, 440-445 (1962).

18. i-:. \-. Levimi, B. Livemularg, amul 5. Kaufmnami,

,J. Riot. C/iei,i . 233, 20)802086 (1960).

19. 1;. K. Ackers, Bioehenlist!j �3, 723-730 (1�i4).

20). A . C. 1�ut mier, Rmoe/u�in . Ilinp/ � . lIe s . (�iiiimii a n -

:39, 923-929 (19701.

21 . U . J. Comimsett amid N . Km rshmier, .1. Iltol. (‘/uimi

245, :3��-:33-4 (1970).

22. N. Weimur, .1. C. \Vayniire, amid F. II. 5dm-

mieide r , _4 etez Cie a t . 1‘e nez . 2.2 , Sn 1)1)1 . 2,

179-18:3 (1971).

23. 11. Ilortmiagl, II. \Vimikler, .J. A. L. Schopf,

amid %V. Ilohiemiwallmmer, Ilio/iemn. J. 122,

299-304 (1971).
24. \V. .J. Sumith amid N . Ki rshmi(-r, lint. P/ariiiaeol.

:3, 52-62 (1967).

25. .J Axelrod ami(1 12 . S. \esell , hal. P/ari,uieol.

6, 78-84 (1970-.

26. II . .J. \Vurtnman, .J . Axe-Irod, l. 8. \(-s(-ll,

amid (. T. loss, a�l((loerillolooJy 82, 584-500

(1968




