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ABSTRACT

The thalephilic isalate, Alteremonzs sp. ID6.5. posseszes at least two DFP-hvdreiysing
Organophosphorns  Acid Anhydrases [OPAA). The predominant one, COPAA-2, was purified to
homogensity with a malecular weight of 80,000. In order to clone the genes that ceded for OPAA in JDA.3,
the 4-8 kb EcoRI partially digested IINA Fragments and a AZAP expression phage were used to0 prepare a
gencmic Lbrary, Of 4:::105 plaques scresmed, 7D positive recombinants were detected by the monoclonal
and polyclonal ancibodies, and a pon-radicactiva hictinylatad 20-mer oligndesxynuclectide probe derived
fran: the partial N-terminal ssequence of OPAA-2. The pBluescript plamids that harbared OPAA inserts
were axclsed Tum the recombinant phages and all were found to contain the same 6.7 kb DNA fragmenc.
Varipus restriction endonucleases wers used to generate che partial map of recombinant plasmids (pTC4+
and pT'C-}] which have DNA inserted in the opposite orientation at the EcoRI site. The cloned gene of
recombinant plasmids was sxpressed iInm FE. colf and the expressed vroducizs had enzyme acsivisy.
Subcloning and Western blot analysis of the expressed prodncts demonstrated that the cloned gene was
Iecated in & 4 kb Kpnl fragment within the ingert.

INTRODUCTION

Organophosphorus acid anhvdrases {{jpg_ anhydrases) are enzymes thatb are capable of degrading a
variety of ergsnophosphates including acetylcholinesterase inhibiters, pesticides and fluorine-Ztntaining
chemical agents. These ensymes have been Found in a oumber of orgzaisms, both prezaryatic and
enkaryotic {I-3]. Studies of OPA anhydrases from these sources demonstrated that these snmymes ware
different in terms of substrate apecificicy, sensitivity to tnetal ions or mhicicars, molecular weight and
structural groperties. The natural subatrates and funciions of these enzymes have not yet been identified.
Dilsaprapy] flroraphoschate {DE‘P} ia a common substrace gsed to sereen for OPA anhydrase actividy.
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Of all the atganisma chat have besnp ander Investigation, severa] halephilic bacterial strains isalaced by
Pr. DeFrank and a number of Alteromonas species abrained from the American Type Culturs Collection
[ATCLC, Rockvills, MD) have been found to have very high QPA anhydrase activity. Most of thege
bacteria possesa at least two to saveral different BOZYme activities agaiast DFP. Omne of the halophilie
bacteria, Altaromong; JD6.5, posseases ac least two differeqt OPA anhydrases that have activiey against
D'FP. The predeminant enzyme, OF A Anhvdrase.2 (OPAA-2), can be separated from OPA Anhydrace-]
(OPAA-T) by DEAE-Sephaeel chrematography following initial ammeniym sulfate fractionation [10}. The
OPAA-Z which accounts for nearty 30% of totul activity has beeg puriffed to homegeneity in an gveral]
purification of over 1000 #3ld, This ENZYIE I8 composed of a aingle palynestide wich a maeleculas welght of
60,000. The polyclonal antiserum and moneclopal antibedy againsg OPAA-2 have heen prepared and were
shown 4o react specifically with heth OFAA-2 and OPAALL Juggesting taat they may share a commeon
mnturaiogical determinant, Quly the first 10 out of 19 N-terminal amino acids of OPAA.? have been
positively determined. Fram the 3-terminal, the amine aeid sequencs i3 as follows:

Terrn:rLeuﬂeM:LPheGEyGInTj.rrI.euGLn[ar Trp)Glnfor Trp}lﬂ}rs[?]VﬂPhaSar{?]GluK{?]Met

In this paper, we described the cloning of the OPAA genes of JD6.3 by using an antibody probe. A
lambda expression vectar, AZAP I which can ha expressed {rom the lac Z promoter 35 2 fuged procein, hag
been used to produce a recombinant DNA Lbrary. The cloned OP4A genes were identified by detecting
lysate preteins from clones containing OPAA genomic DNA using rat anci-OPAA-Z moacclonal and

polyclonal antibodies, and an aliged enxynucleatide probe derdved from the partial N-tarminal saquence of
OPAA-D.

EXFERTMENTAL PROCEDURES

Organum and Culifvation

TD4.5 was salated from Crantaville Warm Springs, which is approximately 30 miles west of Salt Lake
City, Ctah. Cultures wers grown on falt medium consizcing of 50 g NaCl 10 g Mg30C 4 W g proteose
pepians, € g yeast extract, 5 g casamine acids, 1.5 ¢ HEPES per liter, prd 6.5, [noculated fasks (4 or 6
liter) containing I-1.5 liters of medium were incubated 2t 37°C, on a rotary shaker at 840 rpm, for 18-24
bours. Cells were then harvested by centrifugation (7,500xg) for 10 minutes and stored 207 .

Enzyme Assay

OFPA Anhydrase artivity was Teutinsly assayed by monitcring fAuvoride release BY an Ien-spagific
electrode {7). The reaction mirture contained, 330 mM NaCl 50 mM Sis-Tris Propane, pH 7.2, 3 mM
DFP {in Wopropancl), 1 mM I'u.-’l'mf.ll2 and 3-30 il of suzyme golubion in a total voirme of 3.5 ml. Assavs
were roubinely run ab 25°C in 2 thermestatically controlled vesssl with stTing. The enzyme aample was
preincunbated in the resction mixure for 1 minute befors reaction was initizred by rthe addition of the
DFP. The reaction was menitored for 4 minutes and the rate of fucride relsase correctad for sponcanesus
DEP hydrolysis. One unit of OPA Anhydrase activity catalyzes the release of 10 gmole of F~ par minute
at 357 O, Specificity activity is expressed as units per milligram of precein.
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Enzyme Preparalron end Protetn Concentrotion

OFA Anhydrase-2 (QPAA-2) was purified From JD6.5 as previousty described {10). The Cocriassie
Pratein Assay Reagent (Pierce) was used for protein determination with bovine serum albumin (B3A) as
the standard,

Preparation of Polyclonal and Moneclonal Antibodres

A Spraque-Dawley rab was immunized wish HFLC-purified QPA AT [10). The rat was firse given a
foctpad mjection of 100 yg enzyme in complete adjuvant (Bacta). Three weeks later it received a
subcutaneeus booster of 20 ug enryme in incomplete adjuvant (Bacto}. One week later, a pre-fusicn dose
of 5 ug in sterile saline was administered mtravenously. The withdraw of polyclonal serum and fusion
procedure was started three davs after the final injection.

The immunized rat splesn cells {E-E:-:l[]?} were fuzed with an egnal number of Sp2/0-Agls mouse
myelama cells (ATCC, #CRL1581) following the the procsdure deseribed by Kennet, McKearn and
Bechiol [11]. The fused cells were suspended In Dulbecco’s minimum essential medium {DMEM}
containing L™ M hypoxanthine, 8x107° M aminepterin, 1.6x10°° M thymidine, and 10% iron-
supnlemented bovine calf sarum {HAT medinm} and distributed in 100 ul portions into 96-well tissue
culture plates at a density of approximatsly 1.4x10° cells fwell,

A Rat EaxTravidin Staining Kit {Sigma) was used to screen cultnre medinm from wells containing
macroscopic hybridoma cclonies to determine the presence of antibodies specific for OPA Aphydrase.
Populations of cells from posisive supernatants were transferred to I4-well culture plates, expanded and
stbsequencly cryopreservad for culture use.

Constructsan of a Genomic Library Ezpressing OFP4.4-2

High moiecnlar weight yenomic DN A from JDB.5 straiy was prepared as deseribed by Davis et al [12].
Lambda ZAP 0 wvector, helper phage R408, Gigapapck I Gold packaging extract, host atrains 2B4 and
X11-Blue were obtained from Stratagene. Briefly, the genomic DN 4 was first partially digested with EcoRl
and the 4-8 Kb DNA fragments were size fractionated by preparative agarcee gel electrophoresis fallawed
by electroelution from the gol, These DNA Fragmenis were ligated to EcoRI digested, phophatase-treated
lambda ZAP arms, packaged tn witro and used to infect host sirain BB4 to create 2 genomic Hbrary as
described by Stratagens's protecol. 4 genomic bbrary containing 1.5x10° plu/ug with less than 3% non-
recombinant background plagues was shtained folowing plating with BB4 host cells oo NZY plates. To
verify that the genomic library contained OPAA-2 genomic DNA from JDE.5, it was screened for the
presence of recombinant plaques using the menoclonal ancibody (MAb#6). About 107 plagwes were
plated at a density of 1.5x10% plaques par %0 mm plate on BB4 cells {total 30 places]. After 4 hours of
growth at 42°C, the plates were overlaid with nitrocellnlees filters saturated with 10 mM PTG, and
incubated for an additional 3.5 hours at 37°C. The filters were then removed from the plates and biocked
with TBS (10 mM Tris, pH 8.0, 150 mM NaCl) containing 2% BSA for 2 hours.

The mmunodetection was carried out by first ncubating with I3 (v/v) MAb#6 or 1:1000 {v/v)
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polyclonal antiserum in THS for 2 hours. The filters were then incubated subsequently for 1 hour with
rabbit anci-rat Igz and ExtrAvidin perexidase conjugate [Zigma’s Hac ExtrAidine Siaining Kit) with
three watshes in TBS-0.05% Tween 20 (TBST) after each incubation. After the final wash with TBS, the
bound pero:ddase wos assayed by incubating with 30 mg d-chloro-i-naphthol in 50 ml THS containing
0.03% hydrogen peroxdde. When the calor had develaped ta the desived intensity, the reaction was stopped
bv rinsing the filters in deionized water for several minucss, changing the water at least twice.

Detection of Cloned DNA unth FPhotobietinglated Deoryoligonucleotide

A deoxyoligonucleotide of 20 residues TAICGIAATCCIGTIATIGA complementary to the 410 N-
terminal atnine acid sequence of OPAA-2 was svnthesized on an Applied Bioxystems 3808 synthesizer.
This deoxyoligonncleotide probe contains deoxyinasine residues (I at peositions correponding to ambiguous
nuclectides. Following deprotection, the oligorner was desalted by gel filtration chromategraphy on a PD-
10 colomn (Pharmacia] and subsequencly hypholized The purified decxycligontclestide was converted via
a photochemical reaction with a commercially avaliable photobiotin {Sigma) to a bictinylared probe as
described by Denman and Miller (13). The colony blot  analysis with photobictinylated
deexyoligonneleotide probe was performed as described [13]. The presence of probs sequences in cloned
DNA was datected by a simple calorimetric reaction nsing strepravidin-alkaline phosphatase (BA-AP),
nitrobloe tetrazolium {NBT) and -brome-4-chlore- >indoxyl-phosphate (BCIP) systemm (13].

Ezcision of Plasmrds from the AZAP Veclor and Mapping of the cloned gene

The excision of plasmids fram the AZAP clones were carried ont as described (i4]. The plasmid DNA
prepared following this protocol can then be unsed to infact E. coli cells {XL1-Blue} for production of large
quantities of DN A and protern. The restriction enzyme digestion and subcloning of varrous inserted DINA

fragments in recombinant plasmids ware performed in similar procedures as described by Maniatis et al
(15).

Western Blot Anafysis of OFA Anhydrages

The protein samples were mixed with equal volume of 2x loading buoffer [0.125 M Tms, pH 6.8, 4%
SDE, 100 mM DTT, 10% glycerel and 0.025% bromophenel blue), incubated for 3 minutes at 100 * C and
layered on a 7.5% 5D polyacrylamide gel (SDS-PAGE] according to Laemmii (18). The gel was run at 80
mA anti]l the tracking dye wasz [-2 cm from bottorn of the gel Prestained marker proteins [Bethesda
Research Laboratory) were included on each gel After electropharesis, the proteins in the gel were blotted
onto a nitrocellulese filter (MicronSep) using the pelyblot transfsr svetem {Amerizan Bionetics). The
nicreceilulose blet was preincubaced with TBS containing 2% BSA for 2 hours, then 1:1000 {v/v) polycional
antiserume or 1:5 {v/~) monsclonal aptibody [MAb#6] was added and incubaced for addicional 2 hours.
The blct was then incubated sequentially for 1 hour with rabbit anti-rat IgG and ExirAvidin percaddase
conjugate with washing in TB3-0.05% Tween-20 ([TBST)} betweer esach incubation. After the final wash
with TES, the bound peroxidase was azsaved by incobating with 30 mg 4-chlore-l-naphthol [dissclved
17 ml methanol] in 50 md TBS containing 0.03% hydrogen peroxdde. When the ¢olor has developed to the

desired intensity, the reaction was stopped by rinsing the filter in deionized water for several minutss,
changing the water at least twice.
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BEESTULTS

In addition to DFP, the purifed QP4 A2 haz been shown to possess activity against QD [Soman),
GE [Barin), paracxom, and twe chromogenic analogs of DFP, NPMPP (p-nitrophenyl [methyl]-
phenylphosphinate] and NPEPP {P-nitropheny! [ethyi[-phen}rlphasph.inue} {17). NMR analysis revealed
that all isomers of 3D and GB were hydrolvzed at equal rates. Of all substraces tested, the highest
activity wasz with GD and DFP (Table 1). The snzyme was ako shown to be highly specific toward the
chromogenic substrate NPEPP. Paraxen was hydrolyzed at about 10% the rate of DFP. Similarly, the
partial purified OFAA-1 also was shown to possess high activity against GD. These resylts clearly indicate
that both OPAA-1 and OPAA-? can be powerful tools for use in decontamination of toxic
organophesphorns compounds.

TABLE 1. Substract Specificity of OPAA-1 and OPAA-2

Tpecific Activity tumnlaﬁ*ﬂnfmﬂ‘

Engrime Somaa (G0} Sarin {GB] DFE  NPEPR
|EGemM) [10md] [BmM]  (0.4mM
OP Aa-2 {putified) 17330 15.40 "2, 1414
OPAA-2 (DEAE Saphacel] - ] 1250 .
OPAA-1 [DEAE Sephacel) 10.89 . 4 6] -

“Activity detarmined i the absencs of Mot &t ol 7.2
“*Activity decsrmined by NME aanlysis (17),

"“*INPEPFP (p-vistophenyl |eth}'l]-ph¢n}riphmphina:e}

- (N/D)

The chrommsomal DNA of JDE.5 was partially digested with EcoRI and the 48 kb DNA frapments
were isolated by 0.7% agarose gel electrophoresis, The AZAP expression vectar (Htrategene) was nsed to
congtruct 3 genomic DNA library. The site used for insertion of 4-8 kb DNA fragments on AZAP ig the
EcoR] site located within lacZ, 53 base pairs upstream of the Fgalactosidase termination codon (18], After
transiection of E. coff BE4 with the ligated 4-8 kb DNA fra ents, OPAA DNA-containing clones were
screened by immuonodetection using MAb#£8 probe. OF 4x10 plagues examined, 70 positive clones wers
detected. These recombinant elspes were further purified by replating the Phagea and repeating the
acreening procedure unti] al] the plaques on the plats showsd 3 positive signal. The mtensity of the signals
obtained with each of these clones was comparable regardless the presence or absence of inducer, PTG,
All positive clones also reacted with anti-OPAA-2 serum {data not shown). -

To determine which clopes contained OPAA 5 DNA sequences, a photobiotinylated
deoxyoligoanclestide of 20 regidues complementary to 4-1) N-terminal aminn acid sequences was nsed as
probe in ¢oleny Lybridization. Fellowing hybridization to the recombinant phage DNA on nitrecellulose
membranes, the presence of probe sequences was detected by strepravidin-alkaline phosphatase and a
simple colorimetric reaction {NBT and BOIP). All the clomes ware found to strongly hyhridize with the
probe. No signal was defected fn DNA corresponding to AZAP phage alone. The resalts further confirm
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the presence of OFAA DNA sequences in these clones.

Te identify the P AA polypepride, the pBluescripts that harbored OFAA ingerts wers excised from
the AZAF vectar of each recombinant clone and infected by E. cofi XL1-Blue. After fzglation and analysts
f recombinant plasmid DN Aa by EcoRI digestion and agarcee gel glectrophoresis, all were found to harbor
the same 6.7 kb DNA fragment at the EcoRI site. Various restriction endonuclenses were used to generate
a partial map of one of the recombinant plasmid DNAs which was designated pTC+. No restriction sites
for BamHI, Pacl, Sacl or Xbal were found in the cloned gene. Various restriction endonucleases were used
te generate 3 partial map of pTOH4 {Fig. 1). Among the recombinant plagmids, cne of them with DNA
inserted in the oppesits orientation was alsa found (pTC-).

1 12,85k} /Z\
Hrsztl

Fig- L Pariial reszrerion eudomcinise map of nTO+ amd pTO-. The Lighe line represeuts the lnmert DINAL

Protsin lysates of each recombinant clone were subjected to SDS-PAGE and proteins were bloteed
from the gel onta a nicrocellulose membrane. The OPAA polypeptides were then detected by reaction with
WMAb#G. As shown in Fig. 1, on one of the blots, two equally intense proteins with MW of 74,000 and
78,000 wers cleariy observed fTom 21l thres recombinant lysaces tested but were absent for that of lysates
cransfectad with pBluescript. The recombinant clone that carried pTO— yielded signale comparabis with
those from pTC-. The molecular weights of these twe protains were in close agreement wAth that decected
from the parvially purified OFPAA-L of 1D6.5 (10). In a parallel experiment, these lvsatas were subjected to
SDS-PACE and stained with Fast Stain (Zoion Research, MA). Indeed, two dense bands exhibiting the
mobilities predicted for these two bands were observed, suggesting that significant amounts of the novel
proteins accumulate {Fig. 3]. In the above sxperiments, the protein lysates were obtained from the
recombinant clones growing m the absence of IFTG.
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Flg, 2. Wemtern bloc analvsis of Seotein |veaces frope varous Fig % SDE-potyacrylamide
fecombinants. The proteip rrate of plasmid-bearing steains from various recombizapes. San¢ amounts of lyaase LET LS
were anabraed ax deseribed  in "Experimeaprad Drocedures=, g Fig. 3 ware suhjected g SBEFAGE and sraineg with Fast
Laoes are: 1. molecyla: weight scandards: 2 agd 13 AZAP alone  Stain, Laoms are: L moiecylar weipne scafdards; Fand 2. AZAP
4, pTCIY &, pTC= 6. p T alooe: 4 pTCZZ 5. pTC+: B, pTC-.

gl analysis of protein acrgmulados

The crude sxtract obtained from the plasmid pTO— harboring XL1-Blue cells was agsayed for DFP
hydralysis activicy. As showp in Table 2, the cloned enzyme showed a specifie ATty corresponding to

about 50% of the native ¢enzyme. The resnlt suggests that the OPAA gene of pTC+ is exXpressed In K. coft
and that the expressed product is enzymnatically active.

TABLE 2. Specific Activity on DFP Hydrolysis from Different Crude Extracts

Lrude Bwsper Speafic Aesbrity {smoles 'min /g

TDa.5 0,153,270 -
XL1-Blue {pBlusacrips; 000311004
XL1-Blue [pTC+] 0.0%0-9.119

*Activity [ preparaticns| datetmined i tia presence of Mo T ap pH T2,

In order to Iocalize the OFA A Eene within TINA inzert from the cloned gene, sfforts were mads to
obtain several subclones with seme of the non-essential DNA elminated by different restriction
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endonucleases. One of the recombinznt plasmid, pTCk4, was derived from pTO+ after removal of amaller
Kpnl DNA fragment from the imsert [Fig. 44). Western blot amalysis of the expressed products fram this
clone revealed that the cloned gene was located within the 4 kb DNA fragment of the insert (Fig. 4B}.

(A) ""%/tw\“- (B)

MW

200,000

- 37,400

= 58,000

| 5.50 ki

- 43 |U{H]

- = 25,700
#—

1 2

-] II py -

Flg. 4+ Subcloning of 4 &b Kpal DNA {ragmoent within the inasrt of pTC+ and ™estern blot anabysis of its eypreseed product A
Copatruction of pTCEL [B} Analysis of nsert DA of pTCh4 aftar digeatiou #ith Kpul and electrophoresis od & 0.8% agurose gel

(lane 1} and Western hlat analyss of its spressed product [lane 3.

DISCUSSION

ID6.5 contains at Jeast twe OPAA enrymatic activities, OPAA-1 and OP&A2 In spite of the
differences in their molecular weight, antisernm and monoclonal ancibedy that were raised against
OFAA-2 alsc recoguize QP AA-L Even though OPAA-2 exhibics higher enzymatic actvity thar OPAA-L
againat DFP from the crude sxtract of 1D6.5, the signals gensrated In the immuncassaxy suggest E:ta.t the

amount of OPAA-11s significantly greater thap OPAA-2 in the native cells (10). These antibodies were
nsed as a tool to facilitate the :dentification of the cloned OPAA genes of JDH.5.

The cloned gene of pTC that was positive in the mmunoassay contains a 6.7 kb DNA fragment. The
evidenee which indicating that this insert encoded OPAA-1 were the results of the Western blot analysis
and the enzymatic activity against DFP. The cloned gene of pTC produced two protein bands which
migrated at the same distance on SDS-PAGE as the pative ODFAA-1 enzyme [raction. Their molecnlar
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weights, 74,000 and 74,000, correspond to appreximately 2,00 and 2.10 kb of DNA coding sequencss, Thege
%3 proteins wers expressed in recombinant plasmigd ‘ransformed XL1-Blye celly at sufficiently high Jevels
for easy detection. The sxpressed producsy had SMTYme activity against DFP. [PTO Wid nat requirad for
their expression, Suggesting that the complete OPA A7 Zene including itg sriginal premecor SeJuUehces wae
meorporated into the recombinant clones. It is not clear whether these "W prokeins are encoded from two
s=parate bur closely aligned penes of result from Post-translatinna] modification {ph-:-aphﬂlj.-'la,tiun,
formytation, acetylation, hydreaylation stc.)]. It iz also possible that they are two differeg, suhunits of
CPAA-L Seguencing of tha cloned genes should allow the slucidation of thelr struciures. The relatively
low level of SNI¥Me a<tivity derived from the clonad gene could be accounted for by the fact thas the

IDES may be tatally different. Iy must alza be congidered that the chemijca] Properties of OPAA.; Rave
Rat yet heen determined. Analysis of the *Xpressed producta freapg several aubelones arTying various DN 4
fragments of the maert demonstrated that the cloned gene wag located in a 4 ki Kpal fragment.

and OFPAA.2, Using the same polyclonat ang monocional antibodies, numerayy FUCroSrganisms with bigh
levels of OPA Anhydrace ACLIVIEY can alep be Tecognized by their Unigue hinding properties (17). The
results strongly Suggest that thess antibedies cap be 3 Powerful toal for later deteriiog, Puribzation and
cloning of OPA anhydrases fom these sources, Iy the past. OPA anhydraises wers found in baesh
ProXaryutic and enkaryotic Organisms (1-8). Some of the crude extracts obtained from these sonrces, sucl
2% Droteins frop Tsl:ra.hymma, Paeudamona, dimsnyta (Parathion hydrnxyla:-e], squid hepuupan:reas1
clam, hog and rzbbit did net “rogs-react with these antibedies (datz nee shown), Enzymes tha; ara found
te have activity op themical agenty or their analogues may be improved through ganimg ag understanding
of their struesures, Efforts are pew underway to sequence the cloned gene.
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FROGRESS IW CLONIMG GENES FOR
PZATE RECEFPTORS

Tu=-Chen Cheng and William E. White
Bintechroiogy Division
rasearch Directorate
Chemical Research, Development and Enginesring Center

ABSTRACT

T A

Future detectors for chemical agents will contain generic semsors
relying on biological receptors. Identification and large scale production
of proteins that bind opiates and opiate analogs is an essent{ial part of the
program. Neuroblastoma cells, grown in culturs, provide a reproducihle
supply of recestars. The NG 108-15 cells contain delta receptors while

the 3E-H-3H cells contain both mu and delta receptor, A photoaffinity label
has been designed and used to covalently tag the mu receptors in the mem-
brana. The radiolabeled tags will be used Lo identify the denatured pro-
tein separation from other mambrane components. A mRNA enrichment techs=
nique has been employed to increase the concentration of mRNA's - particul-
arly thgse present in low concentration. The mRNA's have been converted
Tnto double strand cONA using reverse transcriptase and construction of

a ¢ONA 1ibrary nearing completion.

:NTRODUCTION

Lurrently fielded deteciors rely on & specific chemistry to identify
the presence of threat agents. The nex: generztion of detectors wil] be
an<ibody based which will permit a generz! signai transduction mechanism
but will 3ti11 hawe the capability of detecting only preselected compounds.
The long term goal is to develop a generic system that respands to classes
af agents, The most promising approach is based on bialogical receptors.
In order to develop these sensors, sufficient protein must be obtatned.
Alsc much Targer quantities must become available for production, New
techniques in meTecular biology such as gene cloning offer the possibility
ot transferring genes from mammaiian neurclogical cells into bacteria for
Targe scale production. Alse each batch of product would come from
genetically identical organisms so that the detectors produced tody would
be egual to those produced in later years., This might not be the case if
receptor protein was Tsolated from Jaboritory animals.

AFPFROAZH

DNA from bacieria {prokaryotic} is divided into discrets unmits called
genes that consist of information that is translated into corresponding
proteins.  In addition there are sequences that provide sites for the
ribosomes te bind, provide regions for regulation of axpression, aznd pro-
vide punctuation sg that provein synthesis starts and stops at the correct
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amino acid. In contrast, DNA from higher arganisms (eukaryotic) consigte
of regions that are expressed (exons) separated by nonexpressed [introns)
regions. During transcription, the en%ire DNA region 15 converted into a
massenger RNA (mRNA}. The introns are enzymatizelly removed from the mRNA
precursor before it migrates from the nucleus into the cytoplasm. Thus,
Tt™s usuelly not oossible to obtain any useful genes from eukaryoiic
organisms by cuiting their DNA into segments and inserting them inta
appropriate vectors,

The approzch in this project is to isolate *he nrecessed mRNA ang then
use 1t as a tempiate for constructing a cONA geng with the enzyme reverse
transcriptese (RNA dependent DNA poiymerase}. In practice all the mRNA'g
are isplated and converted into a cONA liorary from which the desired gene
will be selected. Photoaffinity labeling is used to covalently tag to
intact receptor on the =el] membrane so “hat *he specific protein can be
tdentifTied when the entire membrane protein fraction 15 spearated by
electrophoresis. Ths aming acid sequance of this protein will be used to
design & short OKA probe that afier chemical synthesis will be used to
screen The cDNA library for the specific gene,

EXPERIMENTAL PROCEDURES

Cell culiuras

Human neuroblastoma cells (SK-H~5H) were grown at 37°C in monolayer
Tn RPMI-1640 medium supplemented with 10% feta] bovine serum. Mouse
neurcblastomaxrat glioma hyorid celis (NG 108-15) were gran in monolayer
in Julbecco’s modified Eagle's medium containing HAT buffer (0.1 mM
hypoxanthine, 10 uM aminopterin and 17 uM thymidine} supplemented with
10% fet2l bovine serum. These cells were grawn ir & humidified atmosahere
of 10 par cent carson dioxice,

Ligand Hinding experiments

For H3-naloxone or H3-diprenorphine binding experiments, the cells wers
grown in culture plate {16 mm) to confluency. The medium were then re-
moved by aspiration and the cells were washed “wice with Dulbesco’'s
phasphate buffered saline {(DPES}. To each were, 0.5 ml of DPBS coentaining
H3-tracer were added and incuba*ed in various time as indicated at 25°C,
Each experiment was done in criplicate gor duplicate. Afier incubztion,
the reaction mixture were removed and the cells in each dish were washed
vour times with DPES. One half ml of 0.5 NaDH was added to each Zisa and
shaken gently for 1 hour. The protein concentreiion of cell lysates was
determined by Bio-rad protein assay., The radiocactivity was measured by
liguid scientillation counting avter adding Du Font Formula-967. MNon-
specivic tracer binding was measured in %h& oresence of 1 uM naloxong ar
diprenorphine, usuzlly accounted for Tess than 20% of total binding.

PhetaaT7inity experiments

In phatoaffinity expariments, various concenwrations of photoreactive
rentanyl compound {Fig. i} in 0.9 mM k-pnosphate buffer {pH 7.0} containing
1.3 mM Callp and 110 mM KC1 were added to cells in each petric dish and
incubated for 20 minutes at 25°C in the dark. For photolysis, open culture
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plates were photolyzed with a hand-held UV Tamp {Buchler [nstruments/min
300 nM) &zt a dis*ance of n? cm for various time periods as indiczted in the
text, After photolysis, the supernatant were removed and the cells were
washed 3 times with PES, He-tracer binding assay was then performed as
described above,

Isglation of total cellular RNE and polyvadenylated mRNA

Lonfluent cells in 2 flasks (75 cm) were detached and Ivsed with *he
buffer containing 7 m vrea, 2% $DS, 0.35 m NaCl, 1 nM EDTA and 10 mM Triz,
FH 8.0 {1). After extraction with phencl-chatoform-iscamyl aToohol, 1 gr/
4 ml of z0lid Cs5C] were added ta the agueous solution. The solu=ion WE
then fayered on to 4 m1 of 5.7 m CsCT containing 0.1 M EDTA {pH 7.5} in
a Beckman 71 80 centrifuge tube and cenirifuged at 290,000xg for 7 hours
at 20°C. The RNA pellsts were resuspendec in 0.3 M NaDAc, pH 5.& and
gxtracted with phenol. The total cellular RMA were then precipitated with
ethano?.

The poiyaderylated mRNA was purified from total cellular RNA by fract-
Tonated wwice through oligo-{dT} cellulose chromatography (2),

Synthesis of double-stranded cDNA {ds-cIHR)Y,

The ¢DNA synthesis kit end protocol from NEN Research Products were
used to snythesis the cs-cONA, Brisfly, the snvthesis stens involve: 1)
synthesis of first stranded cONA from poiyadenylated mRNA template using
reverse transiriptase and oiige 4T, 2) utilizing a primer in the form of
hairpin Joep found at the 3' end of firs+ Stranded ¢DNA to synthesis ds-
cDNA by 2. colf polymerase I, and 3) digestion of the hairpin Joop with 51
nuclea to produce the Final ds-z0NA.

Electrophoresis of RNA and DN&

The precipitated RNA wzs resvspended anc subjected to electrophoresis
in 2 horizontal 2.2 ¥ formaldehyde-1,1% agarose gel (2). Ths cONA frag-
merts were subjected te electrophoresis on on a &Y pelyacrylamida slab gel
containing 7 M urea (3}, The gel that contain raticactive cDNA fragments
was direciiy exposed to x-ray film for 1-2 days at -80°C.

RESULTS

1. Binding of Upfates o rellular recepiors

The results of binding esszys for boxh (H3)-nalxone and (H3¥)-dipren-2.
orpnine in yvarious cell iines are summarized 1in folliowing Table. Tha
resulits clearly demonstrated that SK-K-5H and NG 108-15 are well maintained
n our Tab and they ars enriched wiih specific oplate receptor sites
deliatmu and delta respectively, 1In addition, the binding experiments of
human Schwann cells (SFP-5) suggested that these cells 3]:o £Xpress some
delta and mu receptor sites. The hepatoma cells [liver) served as a
control.  There was no evidence of gpiate binding to these telis.

2. Design of Photeaffinity Lazbel

A fentanyl ligand (figure 1) was designed for use in identifying the
appropriate protein, Fentanyls are among tng most patent ovizte agonists
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ana &re considered to have potential threat as incapacinants. Because
several opiate receptors have been identified, it {s advantagesus to use
the comoounds of intersst inm selecting the particzular receptor. This
analog has three distingt features. The compound tself s a fentanyt in
arder to provida highly specific, high affinity (though reversible} binding
to opiate receptors. The azido funcifon attached to the nhenyl ring is
chemically fnert; however upon photolysis, it forms a highly reactive
nitrene upon liberation of malecular nitragen, The technigue is to bind
the 17gand reversibly to the receptors in the ntact cells (where the
receptars are not denatured) and then covalently attach it by ‘rradiating
with visible ight. wWhen the membrane 15 subsequently selubilized, the
Tigand will mot fall ¢¥f even though *he protein is denatured. The thirc
teature 1s the incorporation of a C-14 isotope that permits the identifica-
tion of the tagged protein by radicactivity.

d. Symehesis of the photoaffinity label

The photaaffinity label N-{1-[2-{%f-2zidopheny] }ethyl]-4-piperidinyl]-
N-phenyloropanamide was synthesirzed by XK. Narasimhan, M. Sazner, and
L. Wingard at the Biotechnology Center at the University of Pittsburgh.

4. Labeling of the mu opiate receptor by photoaffinity lazbeling.

rigure 2 illustrates the effect of photoliabeting on subsequent opiate
binding. After attachment, the cells were washed to remove all non-
tovelently bound label, Binding studies with H3-naloxone (mu specific)
snowed 2 H0% Toss oFf specific binding im the SK-N-3K cells Tabeled with
I nM fentanyl. In contrast, H3-diprenophine binding decreased by only
10% in the NG-108-15 cells (deltal. Control gxperimenis in which the cells
were photoiyzed alone under the same comditions resulted inm an 5% loss of
OpTate binding. Ligand binding was not reduced when the fentany] was
Tncubated with the ceils and washed out prior to photoTysis, These
resiits suggest that ihe binding sites of the fentany] are similar to
those for naToxore which are specific for the mu receptar.

DISCUSSION

The critical feature of this approach is the specific labeling of the
recepior pratein.  If many proteins are labeled, then it will not be
pessible to identify which is the desired one because binding studies will
not be possible after the protein has been denztured and removed fram the
memarane. The strong preference for the mu receptor is consistan® with
high specific binding; however the crucial sxperiments aweit the delivery
of the radiocTabeled material.

Tre construcifon of the ¢ION& Tibrary is progressing smoothly. Efforts
have been tzken to obtain sufficient quantities of mRNA in prder te ingure
the presance of the messenger that codes for the mu recentor binding pro-
lein which is probably present in minute amoun*s, The isclatad mRNA's
have been used to generate double stranded cONA. The average sizes of
the cDNA's from the SK-N-SH and the WG-108-15 £211s are 113 kilobases.
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Figure 2. The Ha-]igand binding on SK-N-SH {A) and Ng 108-15 (R) after
photoaffinity labeling of fentany! compound at different concentration. Tha
cells in open culture plates were photolyssed &t 25°C for 30 seronds in the
dark, After washing with PBES, the H3-tracer binding assays were then per-

formed '-g-.r'ith naloxone and diprenorphine concentration st 1.5x10-% M and
2.0x10-9 N respectively,
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Expression of the Cloned genes will produce the unprocessed protein.
It 15 unlikely that this mzterial will be indentical to a naturally funct-
loning neuroreceptor that is probably glycosolated. It is possible that

the new material will bind opiates specifically and will therefore be use-
Tul in sensors,

THELE 1 Specific (H3)-opiate hinding

{Counts/min/mg protein)

(H3}-NaToxone (H¥Y-Diprenophine
‘MU receptors mu, delta, and kappa receptors
Totel Non-specitic specific Tatal Non-specifie  Specific
Binding Binding Binding Binding Binding Einding
CeTl Line
SK=N-
SH §434 20 7519 10409 1135 274
NG 108«
15 1014 278 736 5790 1112 4628
SEP-6 243 5 738 1248 549 699
MEF-G2 BT 29 28 20 38 18

For binding experiments, the cells were grown to confluency in 10 x 35
mm peiri dishes. The medium was removed by aspiration and the cells were
washed twice with DPBS. To each petri dish, 1.0 ml of DPES containing .2
uCi {H¥}-naloxone {181 mCi/mg) or diprenorphine {85.8 mii/mg) were added
and incubated for one hour at room temperature. Each experiment was done
in triplizate. After incubaiion, the reactiaon mixture was removed and the
cells washed four times with DPBS. One half m] o+ 0.5 K NaOH was zdded to
each dish which was then shzken for one hour to lyse the cells. Protein
concentration was determined by the Bio-Rad protein assay. Radioactivity
was measured divectly by ligquid scintilation ccunting.
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(LONING, SEQUENCTNG 2ND CHARACTERIZATION COF OPD GENES
WD THETR EROAD-SPECTRUM CRGANCPHOSFHATE HYDROLASES FROM SOI1, BACTERIA

S
J.R. Wild | L.1. Harper, C.S. McDanial and F.M. Raushel
Departments of Biochemistry & Biophysics and Chemistry
Texas AsM University, College Station, Texas 77843

Two  homolooaous organophosphate dsgrading genes (opd) have been
identified and subcloned frem nonhamologous  plasmids” isclated  from
divergent soi] hacterig. These genes produce bread-spectrum  organc-

growth, the enzyme activity is released ints the growth media as a
membrane-independent complex of 60KA or associate. Characterization of
the substrate specificity of the anzymes indicate that the mture of the
triester linkage is critical Lo hydrolytic cleavage, While the

substituent at the rara~position has no affect en binding affinity, it
does have a dramatic effect on @Atalytic activity. The genes have heen
subcloned and expressed in various bacteriz]l backgrounds. The nuclectide

Synthetic argancphosphorus compounds have been used as mencbiotic
pesticides, insecticides, fungicides, herbicides and as other biological
Control agents. Rlthough same of the todern organcphosphates are thought
to be among the safest of all Chamical pesticides, compounds  of
dangerously high mmmelian ticity are alse found in this group. Scme of
the more toxic organcphosphates are potent agonists for mammalian
acetylecholinesterase (ACHE) and pose important detoxification challeiges.,
A variety of organcohosphate hydrolyzing enzyvmes have been identified by
their ability to detoxify the powerful cholinesterase {Che} inhibitor and
neurotic agent LDFP (diisomropyl-phoschonoflucridate) (1), The "sequid
Type" DFPase has hean xtansively purified (2] andg it hIydrolyzes OFF nore
Tapidly than Scman (1,2, 2-trimathyl propylmethylphoschonofluoridate} . The
enzyme has a molecular weight of 26 KA and is marrowly distribuoted in
specific organs of cephalopods (3}, The "Mazur-type" UFPase has a larger
molecular weight (45 ~ 65 KAl and Oydrolyzes Saren many times fastar than
LFP. Recent studies on the inmhisition of FPases bv the insectiride
Mipafox have suggesied that Fscherichis coli may contain a thira species
of DFPass (4}. The "Mazur-type" DFFase is an ubiquitous class of SN Zymes
which have been identified in varicus organisms from bacteris to the

mamralian kidney; however, the Snaymes are not identical. Studies with

the bacterial [FPase or DFPases comparaed OFP and paracxon specificity and
concluded that the enzyme was ot ang A-estarass (35),
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It has been observed that a wvariety of microblal syvstems way be
inmvolyed in the degradation of crgancphosphate insecticides in the so0il
and associated water systems. Parathion has hean reported to be readily
degraded in the soil by a variety of bacteria, fungi and algae. Further-
more, a broad spectrum of other organcphosphates (including phorate,
dialkyl phenyl thosphates, carbeophenothion, dichloroves, and fenthion)
appear to be substrates for microbial degradation (6). A wvariety of
parathion-degrading microorganisms possess phosphotriesterases which can
hydrolyze a broad spectrum of orcancophosphates including parathion and
amino-parathion. The esterase hydrolyzes parathion to  diethylthio-
thosphate and p-nitrophencl. Several of these parathion hydrolases have
been partially characterized {7,8). In two czses, these enzymes have been
demonstrated to be carried on specific bacterial plaasmids (Pseudononas
dimirata, 9; and Flavobacterium, 10). The genes have been designated opd
{organophosphate degrading! and have wers transferred to plasmid or phage
cloning wehicles and expressed in varicus kacterial hosts (10-12). The
anzyTes were chserved to be membrane—associated and the Fl-enzyme was
reported to have a molecular weight of approximately 0,000 4 (7,8).

Phosphotriesterase substrate characterizatien. The  substrate
specificity of an acetone—extracted, osll-free extracts of the OF
phiosphotriesterase from P. diminuta Mz (chtained from C. Serdar) was
evaluated by gas chromatography analysis. The catalysis of 31 dialkoxy,
organcphosphates obhtained from the dmvirmn:rental Protection Agency was
avalvated wnder gentle shaking at 37°C, pH 8.5 for 30'. The reaction was
stopped with 100 microliters of Z-mercaptoethanol, extracted with hexane,
dried and concentrated {(13). Five microliters was analyzed in a Tracor
gas chromatograph at various tamperatures on a4 €' ¥ 2mm glass oolum with
3% W10l and monitored in a nitrogen—phosphorus detector. The results
summarized in Table 1 indicate that the mature of the triester linkage is
critical to its susceptibility to hydrolytic cleavage. Alterations to the
acid leaving tmoiety appears to stabilize the ester linkage (oompare the
effect of the addition of an electrophilic halogen substituent such as
parathion wvs bromophos ethyl). Thiol esters seems o be mch less
susceptible although thers may be slight cleavage of some of these (e.g.
malathion). Dimethyl substitution of the phosphorate and thicophosphorate
moieties dramatically reduces hydroivsis. In additicon, there may be smll
diffsrences attributable to the shilt between sulfones and oxones.

TRELE 1
Degradation of Organcphosphates by Pd-phosphotriesterase

GAOJIR T aRO-TE I1 GROUP 231
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More detailed studies have been performed in order to describe the
mechanism of catalysis and describe the mature of substrate specificity.
At least three wechanisms an be written for hydrolytic cleavage of
paracxon (chosen as the model substrate for better aguecus solubility),
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These three mechanisme can be distinguished by appropriate labelling
experiments in cxygen-18 H.,0. If mechanism C is operating, hydrolysis in
the presence of water will’result in the O-18 exclusively assiciotis iir
p-nitrophencl, whereas mechanism A or B will leave the label associated
with diethylphosphate. The 2I1P-NR Spectra of diethylphosphate was
determined after enzyme—catalyzed hydrolysis of paraowon in the presencea
of 70% cxygen-16 and 30% cxygen-13 water, The diethylphosphate clearly
showed the incorporation of axygen-18 water as indicated by the 0.03 pEm
uwfield chemical shift relative to standards containing only oxygen-1§.
Mechanism € can thus be elimipated. Tt will be possible to differentiate
baetween mechanisms A and B through the analysis of a chiral phospho-
triester (studies in progress, F.M. Raushel). & detailed eMamination of
the pH profile of the Pd-enzyme reveals that there is a single break at
pH 6.2 relative to both Vmax and Vmax/Xm. This would AppPeaT to TIeprasent
the titration of the basic residue responsible for activation of the
vater mlecule implicated in the remaction mechanism. There iz no
indication of an acidice group at high pH that could be used to protonate
the phenol (data presented, not pablished here).

A series of phenol substituted phosphotriesters have been recently
synthesized and the relative Em and Vmx values are indicated in Table 3.
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'TABLE 2
Comparison of Phenol Substituted Phosphotriesters,
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Several analogues were completely inactive as substrates (-CH, and -F)
and it appears that the determinative characteristies ray bE the pKa
generated by the phencl complex. In addition, various para-substituted
phosphotriesters have been eovaluated as oompetitive inhibitors for
paracxon hydrolysis fdata presented, not published here). The Ki values
ranged fram 0.039 for the cyano—substituted phenol to 0,222 for the
non-substituted phenol. The relatively constant values indicate that the
rature of the substitvent at the para positen has no effact on binding
affinity but it does have a dramatic effect on hydrolytic cleavage.

3 ang WK e

Cloning and sequencing of the ood genss. The plasmid CS1 carrying
te opd gene from P. diminuta MG . was isolated by a mild lysis procedure
adapted fram Berns and Thomas (14). Isclated plaamid DB was restricted
with a varisty of restriction endonucleases and the resulting fragments
were sized by agarose electrophoresis. The plasmid was approXimately S0
Kb based on independent digests with 4 restriction endomuclesses (PstT,
BanHI, Smal, and HindIIT), This size dAiffers from that raported earlier
by electron microscope estimetion (9) but similar M-anm]ysis in our
laboratory (12) provided that same estimation. The entire degradative
plasmid was subcloned into the PstI site of the bla gene of pRR322 and
parathion-deqradating ftransformants  of E. coli BBEL01-4442 (15) were
identified. Fach of the active transformants were identical (pER322-038)
and carried a 1300 bp insert. This fragment was isclated and transferred
into the polyclonal region of MLimpl0 where it became cbvicous that
exXtarnal promotion vas necessary for expression. In one oriefitation (008}
{(Figure 1) opd was expressed and in the other (004) it was not.
Subsequent studies have revealed that expression mn be enhanced by
removing approximately 250bp of the 5'-flanking sequence of the clonad
fragment and intreducing it into a tac expression vector (16). Upon
induction with IPTG (iscpropyl-thiogalactoside) the specific activities
of the op-phosphotriesterase in E. coli are similar to those in the
rative host. The same procedure has been utilized to enhance the
expredsion of the initially cloned Flavebacterium gena (10},
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FIGURE 1
Cloming of opd fram P. diminuea Mo,
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The DML sequences for both of the opd genss are virtually identical
through their 846 bp open reading frame and should Froduce an amino acid
with 282 aming acids (data presanted, not published hers). An interesting
feature of the homologous  structuaral gene regions is that they are
contained in plasmids of different size and posgessing neighboring
restriction site polymorphism (10}, CS1 fram P, diminuta is estimated to
be 50Kb by ressriction fragment analvsizs (60-70 Kb by other analyses) and
PFOLZ  from Zlavobacterium is arpraximately 40K, The DD seCueEnce
homology begins o diverge in thae S'=flanxing region of the genas and
there is no evidenge of homology cutside of the commsn 1300 b0 regions.

Characterization ef +he UP-phosphotriesterasas, The rhospho—
triesterases from both rative bacterial hosts and their tac cloned opd
gelies expressed in E, coli are membrane-associated during active growth
and expression is constitutive, wnrelated to growth phase. However, at
later growth phases, activity begine to appear in the Supernatant. when
chramatographed by molecular waight sieves, the 8Ctivity was distributed
between a large, heterogenous membrane associated fraction (Mr > 300,000
d} and a discrete molecular waight species of 60,000 4. It wms rossible
to use detergents to chase OFD activity from its membrane-association
into the free aggregate. This form of the enzymes appears to ke a dimer
af approximately 30,000 d (data not shown) . Tritoen ¥-100 and Tween 20 .1
~ 1%} were effective for releasing the enzyme, while D3, CETAR and
laurylsarcosing disrupted activity. It is possible to release greater
than 90% of the engymatic activity associated with whole cells by a
hypertonic wash (0.25 - 1.0M MaCl), Most of thae activity is associgted
with a membrane oarponent which is indistinguishable frem that released
into the superratant, The enzyme, in its various forms, is relatively
stable at a variety of tefperatures if the oH is maintained between 8.5
and 9.0, In addition, the engyme is active In wvarious Orgatic solvents
{MeCH, Dioxans and D) P o 20-25% bt then becores irreversibly
inactivatad, Stulies are widerway to detail the stability of the free
form of the enzyme. The membrane-associated form hag heen frozen and kept
at roon tamperature for months without appreciable loss of activity.
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OMNILUSTONS

Two ganes which produce a broad-spectrum organophosphate hydrolase
have been cloned from different plasmids isclated from soil bacteria, The
DA sequences of the two genss have boaen determined and the mature of the
substrate specificity is being examined. The enzyvine appears to have an
eMtrancly broad binding affinity for organophosphate but significantly
tore limited hydrolvtic cleavage. The oombination of thesa studies will
permit the genetic manipulation of the opd genes in order to design
specific @talysis, In studies that are more important for the nearer
time frame, it has been possible to construct expression systems sa that
snzyme can be produced in high oodcentration in E. coli and other
bacterial hosts. This will result in greater avallablllty of the enzyme
from bacterial systems that can grow more guickly and in more limitaed
enviremments.

BCFNOWLEDCGMENT'S

Tols research was supported by the U.LS. Aoy Research Office, contract
DRAG29-84-0075 and the Texas Agricultural Expariment Station, H6438,

REFERENCES

1. F.C.G, Hoskin, M.A. Kirkish & K.E. Steinmann, 1924, Fund. appl. Toxic
4, 165,

2. J.M. Garden, S.K. Hause, F.C.G. Hoskin and A.H. Rouse, 1975. Como.
Biochem. Physiol 522, 95.

3. F.C.G. Boskin and R.D, Prusch. 1983. Corm:. Bilochem. Physiol. I3, 17,

4. F.C.G. Hoskin., 1985. Blochem. Fharm. 34, 2069.

5. R. Zech and K.D, Wigand, 1975. Experentia 31, 157.

6. F. Matsumura and H.J. Benezet, 1978, In Pesticide Microbiology, Ei.
I.R. Hill and S,J.L. Wright, Academic Press, NY. p6Z3.

7. DM, Munneck. 1976, Appl. Emwiron. Microbiol. 32, 7.

8. K.h. Brown. 1980, Soil Biol. Biochem. 12, 105.

9., C.M. Serdar, D.T, Gibscn, D.M. M:mne::ke and J.H. Lancaster. 19832,
EAxsl. Ewiron, Microbiol. 44, 246,

10, W.W. Mulbry, J.5. Karns, P.C. Xearney, J.O. Nelson, C.5. McDaniel and

J.R. Wild. 1986. Appl. Erviron., Microbiol. 51, 926.

11. E M Serdar and D.T. Gibson. 1985. Big/Technol. 3, 5BY.

12. €.5. McDaniel, 1985. Ph.D. Dissertation, Texas AaM University,

13. R.R. ¥Watts {ed.}. 1979, EPA-600/8-80-038. Secticn 10,A. p.l.

14. K.I. Berns adn C.A. Thomas. 1965, J. Mol. Biol. 11, 476.

15, K.F. Foltermann, M,S, Shanley and J.R. Wild. 1984. J. Bacteriol.
157, B9l.

16. D.R. Russel and G.N, Bernett, 1982, Gene 20, 231.

&34




CxADP 288513 9@1x

A A

PURIFICATION OF OPIATE RECEPTORS
AND CLONING THEIR RESPECTIVE GENES

Tu-chen Cheng,* William E. White,® Lemue] B. Wingard,” and Krishna Narasimbag?

Blotechnology Division® 1.5, Army Chemical Research, Development and Engineering Center, Absrdeeq
Proving Ground, MD, 21010, and the Department of Pharmacology”, University of Fittsburgh, Pittsburgh
FA, 15213,

ABSTRACT

The photoaffinity lzbel, a fentanyl analog, was synthesired and used to probe the apiate receptor of
buman nenroblastoms cejls {SE-N-SH). Upen rhotolysis in situ, this Photoaffinity ligand imhibited binding
of naloxone to the mu oplate receptors but did net affect the binding of deita receptors. The digitonin-
sulubilized proteins were Prepared from these cells agpd purified by wheat-perm aggiutinin and affinity pel
chromatography. The affinity gel was prepared by attaching the modified fentanyl to Aff.(e] 202 with
carbodiimide. The protein fraction eluted by naloxone revealed a majer band with melecular weight of
~58,000 as determined by SDS-polvacrylamide gel electrophoresis, The cDNA Library for SK-N.SH celis

was also prepared with Agt 10 cloning vector. The Lbrary can be used for futors Screening apiate receptor
FeLes,

INTRODUCTION

The opiate receptor System consists of several types of binding sites with diffsrent bidegical fynctings
(1-6). It has not been established whether ope or more of these receptor types are different conformatijons
of 2 sizgle macromolecule, or whether sach of them represens diffevent molecular species. Several
nenroblastoma cell Hnes have beer identified as Pssessing specific membrane-associated opiate receptors

found in monge neuroblastoma x rat ghioma hybrid cell kine (NG 105-15} bas beenwell studied {513).
Recently, a human neuroblastoma cell line (SK-N-5H) that expresses g (mu) and § opiate receptors has
also been identified (8). Thess twe receptorz of SEK-K.SH cells clogsely resemble the previously reported g
and & sites in haman {24,15) and rodent brain (1-d}.

Fentanyl is one of the most potent opiate agonists with an estimated analgesic potency of 80 times
that of morphine {18). The differsnce in poiency between the bwg druge probably results from an
increased penetration of fentany] into the brain {17). Despite the structural differences hetwaep fentany]
and morphine, binding ang displacernent stuejes (18,19) with Preparations of opiate receptors hawve

‘Eﬁcﬂtd R strong similarity betwesn thess twa ligands, Mere lmportant, the pattern of fentanyl binding .
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ciosely resembles nalcxcne binding and was sterecspecifie [19). The develcrpr%ent of opiate affinity ligands
fentanyl isothiocynate (“E-FIT) and 3Fmethyl fentacyl isothiccynate [“H-super FIT] allawed the
identification and porificaticn of a molecular weight 58,000 glycoprotein from NG 10815 cells (32,13),
Interestinghy, the i recepicr of rat braln membranes has alsp been purified by bischemical approaches and
shown to have 2 molecular weight of 58,000 (20,21). In this article, we report the use of 2 fentanyl analog
for specific laheiing and purification of the oplate receptor In SK-N-3H cells and the progress in
construction of an SKE-N-5H ¢DNA Lbrary.

EXPERIMENTAL PROCEDURES
Cell coligre. Human neureblastoma cells (SK-N-2E: ATOC BETB 11} were growe at 37 C in monclayer in
RPMI 1640 medium supplemented with 10 % fetz] bovine serum. Mouse meurcblastoma x rat glioma
bhybnd cells (NG 108-13) were grown in monolayer in Dulbecco's modified Eagle’s medium containing HAT
baffer (0.1 mM kypoxanthine, 10 uM aminopterin and 17 uM thymidine) sppplemented with 10 % fetal
bovine serum. These cells were grown in a humidified atmoesphere of 10 % carbon dicode.

Photoaffinity experimeni. In photoaffinity experiments, the cells were grown into conflnency in culsure
plate {16mm}. After che medium was removed by aspiration, the cells were washed twice with 2 ml of C.8
mM K-phosphate buffer {pH 7.0} containing 110 mM KOl and 1.3 mM Call,, Vamous concentrations af
the photo-reactive fentanyl compound (Fig.1A) in 0.5 m! of above buffer were then added ta cells in each
well and incubated for 30 min at 25 C in the dark. For photolysis, open cultere plates were photojysed
with & UV lamp {Buchler Instruments /min. 300 nb) a2 distance of 2 cm for sslected intervals as indicated

in the text. After photolysls, the supernatants were removed and the cells were washed 3 titnes with 2 mi
of Dulbecco’s phosphate buffer saline (DPBE).

Ligd binding experiments. (N-allyl-2, 5 H)-Naloxone ([specific activity 60 Oi/manole) a0d (15,16}
EH]diprennrphine {specific activity 36.6 Ci/mmole} were purchased from Amersham. For “H-paloxone or

H-diprenorphine binding experiments, 0.5 ml of DPES containing “H-tracer were added to cells In each
well and incubated for 1 hr at 25 €. Each experiment was done in triplicate, After incubation, the
reaction mixture was removed and the cells in each well were washed four times with DPBS. Cme half ml
of 0.5 N NaOH was added io each well and shaked gencly for 1 hr. The protein conceniration of a portion
of cell lyzates was determined by Bic-rad protein sssay. The radicactivicy of remaining cell lysates was
mezsured directly by liquid scintillation counting after adding D Pont Formula-8987. Specific “H-tracer
binding was defined as the difference between tofal binding m the absence and presence of 1 uM
nnlabeled drug. Non-specific binding usually accounted for 20-30 % of total binding.

Solubilization. The cells were grown in four coltore flasks {73 ¢m?2) to confluency. After washing with
Thosphate buffered saline, the cells were zolubilized with 6 mi/flask of 2 % digitenin in Mg-buffer (10 mM
Tes-KOH, pH 7.5, lmM EDTA, 10 mM Mgﬂﬂd, 1 mM benzanidine-HCI, 0.01 % bacitracin, 0.002 %
soybean trypsin inhibiter, 1 pM pepstatin and 0.2 oM phenyimethanesulfonyl flueride] {22). The cells
were incubated at room temperature for 1 hr and the 105 000 x g (4 C, 70 min] supernatant was collected.

Preparation of fantanyl-affinity gel. The procedure for preparing the affinity column was essentially that
described by the Biorad protocol. Briefly, ]'\'HE-fEIlta.n}'l {10-50 gmoles}) was conpled to AfM-GGel 202 at
using l-¢thyl-3-{3-dimethylaminopropyl) carbodinide {EDAC). The coupiing was allowed to proceed for at
least 5 hr In water (pH 4.7-5.0) at room temperature. The affinity gel obtained was parked and washed
with Mg-buffer in a 5 ml syrange column.

Protein purification end SDS-PAGE analyeis. The sclubilised preparation {diluted with 3 velumes af
bofier] was appiled first to wheat germ apglucinin-sepharvse column (2ml packed vol) pre-equilibrated with
Mg-buffer. The column was washed with 25 ml of Mg-buffer and eluted with same buffer containing 0.5 M
N-acetylglucesamine.

The pooled eluates in 1 mM DTT were incubated with the affinity gel (2 ml) at 25 C for 2 hr. The
wel was packed in 3 5 ml syrange column and washed extensively with Me-buffer containing I mM DTT
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Fig. 1. Structure of fentanyl derivatives.
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and .05 % digitonin. The affinity gel was then removed and inmcubated with ~3 ml of Mg-buffer
containieg 100 uM naloxone, ImM DTT and 0.05 % digitonin at 30 C for 30 min. The mixture was packed
and washed twice with the same buffer. The combined eluatiop was concenirated by Amicon PM-20 ta
~200 pl

Sedimm dodecylsulfate polyacrylamide gel electzophoresia (SDS-FAGE] was pedormed according to
Laemmli {23]. The binding reaction of purified Proteins wers carried out according to the method of Che
et al {24), except the incubation time was 60 min st 25 C. In additien, prier tc the binding assay, the
detergent of solubilizad proteins was removed by Extracti-Gel D (Pierce) foliowing zuggested protocol
Specifip "H-naloxone binding was zssayed as deseribed abave,

Izolatian of total ENA and pely (1) ENA. Confluent cells in 4 fasks {78 :mz} were detached and lysed in
4 M guanidine isothiocynate {25). The lysate was laysred onto 4 ml of 5.7 M C2Cl cushion containing 0.1
M EDTA (pH 7.5) in a Beckman uliracentrifuge tobe and spun at 290,000 x g for & hr at 20 C. The RNA
pellets were resnspended in 100 ul 10 mM Tris {pH 7.5) and 1 mM EDTA. Poly [A) RNA was purified
from total RNA by oligo-{dT) celluloae chromatography (26).

Freparation of double-sirandad ¢DNA and clening imto Agt 10 vector. The Amersham’s cDNA synthesis
systern and protocol were used to synthesize the double-stranded ¢cDNA {ds-cDNA) from poly [A) RNA.
Ths hasis of the svstem involves: 1) synthesis of Arsi strand cDNA USing reverse franscripiase and oligo-
dT, 2} using E. coli ribonnclease H to produce nicks and gaps in the mBRNA strand of ENA/DNA hyvbrd
and 3] utilizing E. coli DNA polymerase I te replace the mRNA strend by DNA in a nick translation type
reaction {27}

The ds-cDNA generated as described sbove was treated with T4 DNA polymerase to remove any 3°
overhangs and then incubated with a large molar excess of FeoR I linker in the presence of T4 DNA Lgase
{27). After protecting the DNA by methylation with EcoR I methylage, the ds-cDNA molecnles carrying
EcoR [ linker sequences at their ends were recovered by cleavage with EcoR I ¢DNA Lbraries were theg
constructed in Agu 10 by uaing Promega Protoclane Agt 10 system and protocol.

el analysis of DNA, The ds<DNA fragments were subjected to electrophoresis an 2 1.4 % alkaline
agarose gel (28). The gel that containing radicactive cDNA fragments were exposed to x-ray film for 1-2
days at -B0 " C.

RESTLTS

Effect of fentanyl labellicg on opiate Teceptar binding capacity. Photolysis of cells showed 3 slight Joss of
binding capacity due to photodestroction of receptor site (29). In our control experiments, z 10-15 %
decrease of “H-nalexone or H-diprenorphine binding was observed in SK-N-SH and NG 108-15 cellr afier
S0 seconds exposure to UV light (Fig. 2). The loss of binding and the detachment of cells in culture plate
mcreased significanthy by 2 minute exposure. In order to reduce the photodestruction, the iradistion
period was routingly less than 90 seconds,

To illustrate the effect of photolabeling on subsequent opiate binding, the following experiments were
performed. Variows concentrations of the N ~fentanyl were added to cells prior to a 30 minute ineubation
in the dark. The cells in open cultore plates were photolyzed ar 25 O for 50 seconds. The presen:% of
opiate receptor sites in ¢ells was then determined with the tracer *H.naloxene (1 selective ligand) and YH-
diprenorphrine {x, §, and x {Kappa} ligand) {B). As shown in Fig.3, the specific binding of “H-naloxane
was greaily reduced in the SK-N-SH cells photolysed with increzsed concentration of N -fentanyl (34), It
showed a ~65 % loes of specific binding in the SK-N-SH cells labeled with 1 oM fentanyl. In eomtrast, “H-
diprenorphine binding in the same cells was reduced by ~1% % {3B). Likewise, the lozs of “H.
diprenorphine binding in NG 108-15 decreased by ~20 % under the same conditions {3C). In a control
experiment, the binding of either *H-tracer in these cells decreased by saly 510 % when the binding assavs
were performed in the presence of competitive fentany! {data not shown}. In additicn, no photolabeling
was observed when the fentanyl derivative was photolysed prior to incubating with the cells. Becanse the
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fentanyl analog reduced predominantly the binding sites labeled with naloxone, these results clearly suppest
that It is covalenily attached to the g opiate recepter.

Purifiestion of fentapyl-binding proteins. Quantitative selubilisation of proteine from SK-N-SH cells was
achieved with 2.0 %% digitonin. This detergent aclubilized ~50 % of the total celiular proteins, Fecent
studies [12,21} suggested that the oplate receptor contains glycosylated residues that snabled the protein to
bind to WGA- affinity ¢clumn. The purification of opiate binding proteins from SK-N-SH cells is
summarized in Tahle L After sclubilised proteins from SK-N-S5H wers subjected to Factionation on
WGA-sepharose, 2 ~10 fold purification of protein with a 3.8 % protein recovery was routingly achieved on
eldiion with (0.5 M N-acetylglucosamine. The eluated protemne were further parified by affinity gel
containing & fentany] derivative as an affinjty ligand to the receptors, The bound receplors were recoversd
by elecion with 10 uM naloxone. This procedure resulted greater thag 11500 fold proteln purification and
& yield of less than 0.001 %. The SK-N-SH samples at different purification steps were analysed by STIS-
polyacrylamide gel slectrophoresis (Fig. 4A). A major band with a MW of 58,000 was identified by silver
staining. Several smaller minor bands which could have been arisen from protectysis of the protein of
58,000 molecular weight, were alsc obzerved. In another copiral experiment, an electrophoreticaliy
heomogeneons band was seen in a non-dematured gel electrophoresis (Fig. 4B}. Thess results strengly
enggest that the final purified protein is a distinct opiate binding material

Table I SBurnpmary of Opiate Beceptor Purification

Step Total Protein  Recovery  Specific Einding  PurifScation
Kg % pmol /mg protein (fold)
Digitonin-extract 50,000 100 0.026 -
WG A-sepkarose alnate 1,900 3.8 0.243 9.6
Affinity column elnate® <0.3 = (0,001 =272 0 = 10,500

EE-naJ-:mme [l.leﬂ'g M) binding were carried ont as described in "Experimental Procedurss”,
*Protein concencration was estimated from silver-stained, SDS-polyscryamide gel using BSA as a standard.

Construction of the ¢DNA Lbrary. Oligo-dT primed cDNA library of SK-N-SH was penerated from poly
{A) mRNA isolated in guanidine isothiocyanate. The first and most rmportant step in this ¢DNA cloning
procedure i9 the afficient synthesis of decDNA representing as much of the original mRWA sequence as
possible. The modified procedurs of Gubler and Heffman (27] offered by Amersham'’s cDNA systermn
provided the convenient and «ficient approach to obizin a high percentage of full length ¢<DNA. Following
this protocel, the gecond strand cTINA synthets was initiated by RNase H digestion of the ENA:DNA
hybrid formed during first strand synthesis. The second strand cDNA synthesis with radioactive label “2P
incorporated only in the second strand was then analysed on a 1.2 % alkaline agarose gel. As shown in Fig.
5, the size distribution of ds-cDNA obtained was around 0.5 to 5.0 kb with an average of 2 kb.

The ds-cDNA was cloned inte Agt 10 cloning vectors to generate eDNA Kbrary through a long,
extensive procedurs, Briefly, the deeDNA was first methylated by EcoR | methylase to protect any
internal EcoR I site. After EcoR I linker addition, the de-cDNA was then inserted inte EeoR I-digested,
alkalne phosphatase-treated Agt 10 DNA and packed into E. coli ¢g00 HA (see "Experimental
Procedures™). By using the gt 10 8 and packaging extracis purchased from “Promega”, the
packaging efficiencies of approximately 4x10° inserts cobiaining plaques per ug Agt10 arms were achieved.,

DISCTUSEION
Fhotozffinity labeling techniques are widely used in mapping the ligand binding sites of TeCeplors,

enzymes and antibiotica (30). ‘The photoaffinity Teagents permit the measurement of reversible binding as
well as covalent attackment of ligand to the binding site. Among these reagents, the photoresctive
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carbener have the advantage of higher energy of greater reactiviry, whereas the nitrens precursors are
usually photolvsed by radiatior at longer wavelength whers damage to the target aites 1s less severs, In -
addition, azides, which are common precursors for nitrenes, are smaller and therefore less likely to interfere
with biding of the ligand to the receptor site. The fentany] analog designed in the present study has twe
distinct festures. The analog itsel is 2 fentany! and provides high specific binding to opits receptors. The
aride functional group attached to the phenyl ring is chemically inert but forms a highly reactive nitrene
durmg photolysis. These characteristics permit the ¥gand to bind to the opiate recepter Ereversibly.

The fentanyl analog was shown to bind reversibly only to the y opilate receptor of SK-N-SH cells,
Aftersincnbating the cells with the fentanyl analog, SE-na.loxunﬁ effectively chased all the lakel from the
receptors. Covalent attachment of the fentanyl to the receptors aceured only when the fentany] analog was
reversibly beund to the receptors and photolysed snbsequently. Oun the other hand, rthe binding of §
Teceptors ob the NG 108-15 cells was not affected under the same condition. These resalts clearly suggest
that this fentanyl apalog blocks the opiate receptors of SK-N-SH for “E-naloxone and therefore Ia
predominately labeling & opiate TeCADLOTE.

Cne Importent problem in photoaffinity experiment i photodestruction of opiate Teceplor. Because
rradisted receptor cells were found to lose binding activity with time (Fig. 24 and 2B), the
photoactivation must be completed within a short interval (90 seconds in present study) co minimize
teceptar destruction. The ability to regulate the labeling by controling the irradiation permnits the effects
of covalent attachment tu be differentiated from those of reversible binding.

Recently, considerable progress in opiate receptor purification has been mads by affinity
chromatography 112,13,21,22). In our present study, solubilization of cultore cells wae perfomed to
minimize the significant loss of receptors during repeated cenirffugation of the membrane preparationa.
After WG A-gepharaose chromatography to eliminate nen-specific proteins, the receptor was further purified
by an affinity chromatography. This major purification step wuiilised affinity gel that had a fentanyl
derfvative as an affinity ligand for the receptors. In this procedure, only the protein fraction from SK-N-
SH cells chat binds to the gel can be sluated with high concentration of naloxone. The purified preparation
revealed a major band with a molecular weight of ~58,000 as determined by SDS-polyacryiamide gal
electrophoresis. The resolt agrees well with thai reporied for 2 u subtype opiate receptor from rat brain
identified by other gromps (20,21,31), The data thus gnggested that the purified preparation concained
gennine opiate receptors.

Although the purified opiate receptor from SK-N-SH cells has not been characterized completely, it
should be nseful for atructural studies. Determination of amino acid seguence of a peptide fragment of thie
protein fraction will provide information for eynthesis of a cligonucleotide probe with which to cione the
eDNA coding for the opiate receptar. Furthermore, amino acid sequence data will allow synthesis of
peptide fragment for use as antigens to generate ancibodies of predefined specificity {32). In the present
study, the cDNA library for the SE-N-3H cells waa prepared with Agt 10 cloning vector. The size of cDNA
sequence in this library was around 0.5 to 5.0 kb. This Hbrary will be used for future screening of opiats
Teceplor genmes with synthetic oligonucleotide probes, Cloning of such a gene will permit genetic
manjpulation of its expression in a guitable host so as to produce ample quantities of protein for subsequent
development and production of a genetic semsor fer fentanyls and other related incompacicants.

CONCLUSIONS

1. The photoafinity Hgand [azide-fentanyl) imhibited the binding of naloxone to the mn opiate receptors of
SE-N-5H cells,

2. A ~58,000 MW protein fraction was purified from a digitenin-solubilized preparation of SK-N-SH cells
by the nee of affinity gel column, which has a fentanyl as an affinity ligand to che recepiors.

3. The ¢<DNA library for the SK-N.SH celis was prepared with Agt 10 cloning vertor. This [ibrary will be
nged for future scresning of opiate receptor genes.
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