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Abstract An affinity matrix for L-phenylalaninc ammonia-lyase has ban synthesized by coupling a protectal Z- 
aminooxy-3-(4’-hydroxyphcnyl)propionic acid derivative IO epoxy-activated Sepharosc 6B through the phcnolic 
hydroxyl group. This avidly and specifically binds bean phtnylalanine ammonia-lyax from partially purified 
preparations; active enzyme, albeit in relatively low yield, is rckascd by incubation with 2-aminooxy-3-phcnylpropionic 
acid. Altcrnatlvcly, pure phenylalamne ammonia-lyasc subunits may be released by clution with sodium dodccyl 
sulphatc or urea. 

.- .- .._ __ .- -.- - 

INTRODUCTJON 

The enzyme L-phcnylalaninc ammonia-lyase (PAL. 
EC 4.3.1.5) catalyses the first reaction in the biosynthesis 
from phenylalaninc of a wide varlcty of plant phcnylpro- 
panoid natural products, and the enzyme from bean 
(PhaKolus oul@s) has recently been the subject of much 
attention at both the protein and molecular genetic levels 
[ 143. This work has required a suitable affinity matrix 
for use in the purifkation of the enzyme in relation to the 
development of antlbody probes [I, 21. for contirmation 
of the subunit M, [2]. and for measurement of the levels 
of active-site-intact subunits in studies on specific 
inactivation of the enzyme [4]. Previous attempts at the 
affinity purification of phenylalanine ammonia-lyase 
[S. 61 have utilized phcnylalanine coupled to solid 
supports through the carboxyl- or amino-groups with 
limltcd success. these immobilized ligands functioning 
more as hydrophobic matrices. L-2-Aminooxy-3-phcnyl- 
propionic acid (AOPP) has been shown IO be a very 
potent inhibitor of PAL [7] and its binding charactcr- 
istics IO the bean enzyme have been studied in detail 
[8]. Attempts IO utilize this compound. coupkd 
through the carboxylic group, as an affinity probe 
have also met with limited succzss due in part to the 
apparent instability of the linkage [9]. We now dcscrlbc a 
new affinity matrix in which ethyl 2-(rerl-butoxy- 
carbonylaminooxy~3-(4’-hydroxyphenyl)propionic acid 
has been coupled through the phenolic group to epoxy- 
activated Scpharosc and the Mocking groups sub- 
sequently removed. PAL binds avidly IO this matrix and 
with careful procedures can be purified IO homogeneity 
with rc5pcct IO enzyme subunits. 

- - __-. 
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RESULTS AND DISCUSSIOS 

Synthesis of Ihe ligand-Sepharose matrix 

Scheme I shows the stages involved in the synthesis of 
ethyl - 2 - (ren - butoxycarbonylaminooxy)-3-(l’-hydroxy- 
phcnylbropionate (3). Protection of the phcnolic hydro- 
xyl of 1 was necessary to prevent reaction with the 
brommc of another molecule of 1 during the substitution 
with the protbctcd hydroxylaminc. Reaction of 3 with 
epoxy-actlvatcd Scpharose was very rapid and most 
cticnt at pH 12 (Fig. 1). 50% of the ligand coupled 
within I hr of mixing followed by a further 127; over the 
next I7 hr. Although several treatments for rapid removal 
of the protecting groups using mineral acids were at- 
tempted, the most effective at preserving the integrity of 
the matrix was the prolonged incubation with weak 
trifluoroacetic acid. The presence of the ligand could be 
detcctcd on the gci resuspended In 60% sucrose by a 
characteristic peak of absorbance at 270 nm when com- 
pared with unsubstitutcd ethanolamine-blocked gel (Fig. 

1). 

Puri&ation o/PAL 

Enzyme activity was rapidly ~XMKI when partially 
purified (ammonium sulphate and Scphacryl S300) bean 
PAL preparations [l. 21 were applied to the column. 
Following extensive washing with I M NaCl. which rc- 
moved all non-specitically bound protein, the enzyme 
rcmaincd tightly bound. Activity could not bcelutcd using 
high (PH 11.0) or low @H 4.0) buffers. Elution with 
saturated phenylalaninc at 37”. which removes AOPP 
from the active site, when the enzyme is in solution, failed 
to release the enzyme. However. the presence of active 
enzyme on the column was. perhaps surprisingly, revealed 
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Scheme 1. The stages involved in Ihc symhais of ethyl 2-(ren-butoxyc~rbonyLMaoxy~3-(4’- 
hydroxypbcnylbropionate (3). Protection of rhc phmolk hydroxyl of I was v IO prevent rcrtioa with ttK 
bromine of another mokcuk of 1 during the substitution with the protected hydroxykminc. Rcnction of 3 with 
epoxy-activakd Sepharose 6B was carried out in the prcacna of 0.1 M Ne#ZO,, pH 12.0 contaming 10% (v’v) 

dimethyl formamtrk al 40” for 18 hr (see Fig. I). 
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Etfccr of pH on the couplq of erhyl-2-(rcrr- 
butoxycarbonykminooxy)-3-(4’-hydroxyphyl) proplonarc IO 
epoxy-activated Sepharox 68. MI”, binding of ligrnd was 
upuvaknt IO reaction of 84% of avaitabk epoxy groups. Insert 

shows the UV spectra of unrcacscd. cthanolammc-bkched epoxy- 
Scpharosc (- - - -) and ligand-substituted, cthanotaminc- 
blocked Sepbarosc ( ) ohserved after suspending the ~1 

beads m 60”, sucrose 

by the formalion of cinnamic acid In the eluanc. pre- 
sumably due IO the exposure of one of the active siIcs of 
Ihc Ictrameric protein. However. material was clutcd 
following prolonged incubation (16 hr) with IO mM 
AOPP in the presence of 0.4 M NaCl from which acIlviIy 
could bc recovered after dialysis against saturated phenyl- 

Frg. 2. .%I, dutributron of PAL subumts rekased from the 
affinq matnx by prolonged incubatron with 10 mM AOPP (a), 
boiling m SDSpolyacrytamidc gel sampk buffer (b) or eluting 
with 6 M urea (c) Subunus wcrcanalyscd on 8”; polyacrykmrde 
gels m the prcscna of SDS. and gels scanned by densnomctry 

after staming wuh Coomassic brtlhant blue. 

alanine (Table I). Recovery of activity was low, mainly 
reflecting the avidiIy of the bindmg AlIernaIivcly, Ihc 
PAL could bc removed under denaturrng condltlons. for 
example by boiling the gel in SDS-polyacrylamidc gci 
clcstrophorcsis sample buffer or by cluIlon of Ihc column 
wiIh 6 M urea. This led IO high recoveries of enzyme 
subunits suiIablc for molecular studies. 

Using Iksc rather prolonged or harsh IrcaImcnIs Ihc 
enzyme subuntt released exhibited hctcrogcncity of M, 
following analysis on SDS-polyacrylamldc gels (Fig. 2). 

Tabk I. Afinity punticarioo of phcnylaknioe ammoma-lyasc from all suspcnwon cultures of Phasdus 
oulgaris’ 

_-- -- -- --.---_~- 

Total Total Spacihc 
actinty protan activity Puritkatton Rscovcry 

SW Frsktron Mat) (mg) (&at kg ‘) I-fold) (“3 

I cndc extr&3 28.4 461 61 1 100 
2 4@SS % (NH.),SO./SepWt S300 26.5 15.5 1710 28 95 
3 AOPP-Sepharosc 6Bt 3.9 0.6 6500 106 14 

--..- - ._--. - _- ~_ - 

l Elknor-[rated alk [I] (2UO g) were & as enzyme sounx 
t72S:; of the activity from stage 2 bound 10 the attinny column 
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The M, of the newly synthesized PAL subuntt is 77OW 
[I] but parttal degradation products of M, 7OooO,53ooO 
and 46 mare readily formed subsequently in ciao and can 
be generated in airro in partially purified preparations by 
freezing and thawing [2]. The identity of these poly- 
peptides as PAL has been confirmed by pcptide mapping 
and immunologtcal techniques. and enzyme composed of 
M, 7OooO partially degraded subunits appears to retain 
signtficant catalytic activity [2]. All these partially dc- 
graded subunits are represented tn diffcrtng proportions 
in the enzyme elutcd from the column. No polypcptidcs 
other than PAL subunit forms could be recovered from 
the column. 

The affinity matrix here described could be of great 
value in the purificatton to homogenetty of PAL to be 
used in the production of antibody probes for molecular 
studies. The matrix has also been used for the mcasurc- 
mcnt of acttve-site-intact subunits in studies on the 
regulation of PAL by its product cinnamic acid 143. It is 
likely that the highly specific affintty of this immobilized 
ligand for PAL results from coupling via the aromatic ring 
(phcnolic group) rather than through the sidechain as 
with phenylalanyl Scpharoscs [ 5.61. 

EXPERIME!VTAl. 

Ethy/-2-(lcrt-buIoxyc~bony/ umln0oxy~3-(4’-hydroxypIWny~ 
procure (3). rm-Butyl A’-hydroxycarbamarc (0.87 8) was 
added IO NaOEt (from 0.166 NaH) m dry EtOH (30 mlb Afier 

0.5 hr sIimn8 2 (2.42 gl was added and the mixiure stirred at 25” 

overmghI then aI 40” for 3 hr. diluied wirh HzO. acrditied wirh 

d1ric xad and extracted wnh EI,O. The exiracrs were wasbed 

wnh H>O. dried and concenrrated lo a ydlow-orange oil (2.57 8) 

Thrs was drssolved In dry THF (25 ml), 1c1rabutylammomum 

fluordc (3.06 8) was added. lbe soln sl~rred overmght and poured 

Into aq. NaHCO,. The mrxturc was acrdrhcd with cnnc acrd and 

cxlracted wnh Er,O. The exiracis were washed with HrO and 

concentrared IO an orange od from which 3 was ~sota~al as a 

viscous oil (0.54 8) by prep. TLC [ska gel. EtOAC petrol 
(6@8o”L 2:3]. ‘HNMR (IO0 MHz CDCl,): 61.20 (3H. 1). 1.47 

(YH, I) 3.06 (2H. m). 4.16 (2H. m). 4.63 (IH. m), 6.76 (2H. m). 7.10 

(2H. m). 7.08 (I H, br s). 7.8g (I H. sk EIMS (probe) 70 eV. m/r (rd. 

rn1.~ I93 (3OL I07 (70). 57 (100). 29 (55); CIMS (NH,. probe) 

5OcV,m/r (rd. In1 ) 343 [M + NH,]’ (5). 326[M + H]’ (II 287 

[M + NH, -C,H,J’ (1001 270 [W + H -C.H,J’ (II). 226 

(50) 
Erhyl 2-bromo-3-(4’-rcrl-buryldinurhylwlyloxypy~~~ 

ptaolr (2). To a soln of crhyl 2-bromo-3-(4’. 

hydroxyphenyl)propronate (1) (5.26 g) in dry DMF (40 ml) a1 0’ 
was added rm-bu1yldimcthylulyl chloride (3.48 g) followed by 

imidazde (3.28 g) After ovcrnrght s1urmgai 2s’ Hz0 wasadded 

followed by cirric acid IO ptl 4 0 and rhc mixture extracted with 

tf1,0. The ex1rac1s were washed with HrO. drred and con- 

centra1al to a yellow oll(6.0 g) from whazh 2 (2.43 g) was molaral 

as a pale yellow 011 by vacuum hqurd chroma1ography [IO] (SIIKP 

gc4.1oluene). IRvecrn ‘: 1742 (C-0). 1262 (Si 0) 

Couphnq ojligmd 10 epoxy-S&arose 68. IS mg of prorected 

ligand wascoupled IO 2.0 ml epoxy-Sepharose 68 In 1.5 ml 0 I M 

Na,CO,. pH 12.0. contauung IO’, (v:v) drmcrhylformamrde al 

40” for I8 hr. The rerr-brnoxycarbonyl groups. and any ethyl 

groups remaining after the buic coupling step, were removed by 

bydrdysis for 3 days a1 60” in triBuoror~lic acrd, pH 3.0. IO yrdd 

2-aminooxy-3-(4’~bydroxypbenyt)propioruc acid h&d IO the 

spacer via rbe pbenotic group. unracsod epoxy soups were 
Mocked by treatment with I M cthanotam~nc. pH IO, overrught 

and the column wasbed uicnsivdy wnh 0.1 M sodrum acerate. 

pH 4.0. followed by 0.1 M sodium borare. pH 8.0 (both buks 

conlammg 0.5 M NaCI). before use. 

Purykafion o/PAL. PAL was partially purrtied from suspen- 

sron cultural dls of bean (Phawolw rul~ir c-v Canadlsn 

Wanda), that hd been exposed I0 a fungal clmlor from 

Collcrorruhum liadcmuhimwn. by (NH.),SG. prcclptuIion 

and gel NtraIlon on Sephacryl S300 [I. 21. This cruyme prepar- 

atlon (IO ml) was cycled through a column (I x 5 cm) of rhc 

rmmokluai hgand equilibrated wr1h SO mM Trrs HCl. pH 8.0. 

at 4’ for at kasi 3 hr. The column was washed with 20 ml SO mM 

TN HCl. pH 8.0. followed by 20 ml 50 mM Tns-HCl, pH 8.0. 

contammg I M NaCl. Enzyme was released by ather (a) mcub- 

anon of the column wcth SO mM Tns HCt. pH 8.0. conIammg 

10 mM AOPP and 0.4 M NaCl for I6 hr before durlon or (b) 

clutlon with SOmM Tru-HCI. pH 8.0. conrammg 6 M urea. 

Enzymeaaivity was recovered from fracuons dutal with AOPP 

by dlalyus agamsI saturated phcnylalantnc at 37’ [8]. Enzyme 

acIiv11y was assayed spcctrophoIonutrxally [I. 21 and potan 

dcIermmed by rhc method of [ 1 I]. Fractlons were exrensivdy 

dudysal apinsr 20 mM Tris HCl b&r. pH 7.0. before analysis 

by SDS-PAGE [I. 21. 
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