10

15

20

25

30

1 METHOD AND KTT FOR ASSESSI NG ANXI ETYOR DI SPCSI Tl ON

THERETO I N A SUBJECT The teachings of U S. Provisional
w@108/08578pl i cati on No. 60/510, 560, filed Cct oPET/112004/000933

2003, the entire contents of which including the

contents of the CD-ROVs sufmitted therewith are

MpTEER A Kix Bk RS ESpS Thekienst R piFan i emgeTo

supported by the US ArmyaNe3jgaT Research and Materi al
Command ( DAMD 17-99-1-9547) and the Defense Advance
Resear ch Project Agency (#N66001-01-C 8015). The U.S.

h S QVent i L
AN S R IpBR B GES T RSNt ARPSRIRE R oRDag oy ea
Octbbéralt()e 2003) tle ¢rtirk oohtats! okwhlchtnicla(hﬁg gri d@gteammfeﬁeyCDrROMs
anX|ety di,sposition in a subject
ifted higrexrihyare ngorRoraiediay FebfroRag | .@ iy getéﬁ@ hergiPON
expr essi on Ievels and in particular the relationship
t her ebet ween, whi ch net hods enabl e assessnent of

anxi ety. Anxi et \StatamehteCavenphan Suppabnpl et el y

e pLhP GHES. 1 FGIred e B gy MR e Ag Matrial

CoffBAad (BAMIY 17504 00549) HRlthé Diefe@bd AdvANey 'R%Eéﬁrd:}f'Pl%Ject Agency
ubi qui t ous and unavoi'dabl e experience of life, and is

(#Nﬁéf)i)h@él -Gx80L5)f ddkithy. giivefnaagnt hifegertpin 1éghis mfthq@rlmmtlom on
to the nature of the threat. Anxiety disorders are
reported to be the nost preval ent of psychiatric

FIRI T ANTEBACKGRORIND OF THHIN®HENTION t 0 anxiety, is
typically assessed b% eval uati ng responses from
subfe PEcseRs yentign g @f&%éﬁ ipomsthed | and; g foro assassing anwiety or

el ERPonit of el Pkt ot f B SR TR bliying o

and| BON kxpressie devety yndme@attmuhie abeireatonshipt thereBdWeen, which

res ncrease in response to physical danger and
meé)ga SEEHFMERL ALK i n neurotic and depressed

su bAﬁﬁ%@ m@ﬂﬂ/eg REMBRXE iRdnldta$s WnHerRfooll %@i‘e@hb@éqof genomic,
trainin I'e reduci ng the present iInvention

envloaEN and tmcppnemefderuvcd/ dadtans dnelsiscoumrrantlat lmng)mamnd by

psyEORER Berist Suesie s P OGO e ke lE xpelisgoe of life, and

is dUFiRed SBQStdelifd of Fe@NthhelisyoRl ofegopditidh ab @h® ha@fX bE e threat.
Thus, the present invention enables for the first tine

Angietyc Hispidees atr raported up alie theagiosk prevaleninnkipsyshigtric disorders.

D a'r\%ﬁ&yf he Tglﬁgég ) yﬂt(ﬂ?ag;}?e% 'ngs\r/net 108&/ a%sekgﬁe %é( gvaluatmg

respdieeﬁﬁehylsalg,ebﬂs rtesﬁ;eeif&eqlﬁesﬁbifs) rélitthg! e dpegenandngtéess. For
P(]\Ilt% enes (al so known as
example, e wo 20- 1tem self-report questlonnalres of the state-trait anxiety inventory

(STAI) are commonly used to measure anxiety. STAI scores increase in response to
physical danger and psychological stress or in neurotic and depressed subjects, and
decrease as a result of relaxation training.

While reducing the present invention to practice, the present inventor has
correlated between expression levels of AChE/BChE and PON and in particular an
expression ratio therebetween and predisposition to anxiety or early state of anxiety.

Thus, the present invention enables for the first time biochemical or molecular

diagnosis of Anxiety.
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the ACHE-PONl | ocus) and correspondi ng changes in

serum AChE and PON activities can serve as objective
w@e@diosi7es s of anxi ety in human subjects. Accoprdi/mgog/000933
in one aspect, the invention features a nethod of
assessing trait anxiety in 2 subj ect. The net hod
' udes providing fromthe subject a test sanple,

INVENTDION cal fluid, cell sanple, or

i S Sﬂlll%a\?e%ibﬂ AObRSd b %32995“ ﬂfe'?ﬁsggﬁé}g A ﬁ@%ﬁ@% hisms in

subj ect, and/or RNA transcri be m t ,

. thepcepieioligestersse AEHER shd sinpdreoionases@HOND) gemesl €l kingven as

wh ' [ | hi in,
g QRIERATT 8813, 418 SoRnBhE Reatis) it Remn AGHE pad PON
ac@¥eifies calnefveras dbfRufive predioRid sramkRipmeuBatdEbjecthi ch is

associated with a known level of trait anxiety, e.g.,
whetArserdingly,snpnemspeat.cidie ivention Seabures panethed of assessotgytrait

. ri n . he I [ phi in the. s | e
ot g B05er ORIGERA IR R AT S, 3758t
wihichxkeantbe. anlybiclogiealeitio Gels iple, biissae) Bl Gty dsSt onfdiiPEbnomic

In other enpodi nents, the subject is a non-hunman
DN ﬁ%%wé,ile ég@,ectc and/og RNA Hespsatbed ifrpm dbe ACHIneRGN opr BCHE
d ' Ll s I; L. .
ech 0l (LU0, Gl plendl QA LR Ryt
anpetefyloiqiimestenaser @ACHERrgene,e as paybromse | (RANTY @engnand’or a

r.e indivi du ose trait anxjety level is known,
ol it L RGh sotasfied Wil auBORR leiiher ot ety
e. gﬁ,"@ﬂéihéfeiﬂ iSassbifted WALS Spdcsiiiriid TRKiely 26t TG psence of the

eal t hy human or a diseased hunman). I'n sone
pobmsphismenins thepssimple ripdicatess ther subjjent rtas fthe ccormespumdingslevel of
amtugg,t are nmenbers of certain racial or ethnic groups,
e. d., Caucasians, Bl acks, Asians, or Hispanics.
Sui T2 Bbie Apfiodga s Pk YeiBieph isS fthuhiae! UBLothSr @mbollid®nts, the
1682 C/ T (P446) ACHE pol ynor phi smin a_humanACHE gene.
sulggety i 7 BOMBNMaR dRENHEB| (o r9shi oG haass, (s, geatgsheep, or rodent

inPRl rahi | pronot er pol ynor phi sm
(um%Hég‘rlghn%l?gédsg%%rgr%ﬁggﬂn%lban i nclude, e.g., -

162 A4 sorROdinpodifi2fitsHHe gfoshorphisny it @8mpared R&Mhe polymorphism in
substitutions .in %‘ human PONl gene. 3 Al ternatively, .
2 TEAGEBER ARG S OB PRESPF ers RHvidualy whis it anxidty level is

kn§®AUE BERss NG inGe38GEGNCE pol ymor phi sms can
include, e.g., a polynorphismthat results in a L55M

or Oisare embedintents; the suhjeet iy artamaad@icloliog aGealdyiamem, or a
. LN ne di ment the B ol ynorphi.smresults in
ke e o RSB B AUPE3 ohl
ardl MeMBER TNGRedin"RRiab or hfid BIps . 51C CaE&Riahd eBiabEsy ix¢ns, or
.and conparing at |east
Hispanics.
Suitable ACHE gene polymorphisms include, e.g., the 1682 C/T (P446) ACHE
polymorphism in a human ACHE gene.
Suitable PON1 gene polymorphisms include, e.g., a polymorphism in a PON1
gene promoter polymorphism. PONI promoter polymorphisms can include, e.g., -
162A/G PONI,

-126 G/C PON1, or —108 C/T PONI substitutions in a human PON1 gene.
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two pol ynorphic pairs in the ACHE, PONI, and/or BCHE
genes. Suitable polynorphic pairs include, e.g., ACHE
we2eb6/035788 PONI | OS; ACHE P446 and PON1192; PONI PCBII20€H/000933
PON1126; or PON1126 and PON1162. |n another aspect, the .
invention provides a methodsof assessing trait anxiety

Aléeé‘ﬂ% vgiJ %%Wgh&}g?gtgh gsglh gz(\:ll} gﬁ%l%é@&é coggmgasetqggr}ce PONI
coﬁﬁfgt ééhﬁél%k'p@%ﬁﬁ&bﬁﬁﬁs (cégl@lud’é? td g/1 b YpolymdrPRisineehht results in a

ChE ‘activity in the test sanple I's conpared

L515M ACREIHR substitugion in a hnepe Péﬁ‘élecoslamequmm ved from
o b R s Ehtob bl i

husiBEHEBcediag Béduance 0 the subject in at |east one or
nore of the traits gender, age, race, ethnic¢c grou

and Iaéayler?&@dmrd& q medurandpdssdisnsifyas apd @ogwne&@t least
t\&?ﬂ%gl u@JJI sOfn | 491 X | Bodire alafdy! @@HE‘ dM8s.  Suitable

five of ede fraits. In
poéymphmepalss, iinde, acg.i \ACHEl E’4461e1mt1e§01\§ldﬁﬁd ACHE P446 and

PRTTRLPnlof enf KONTRSs e Hubfiab b 1R30, ncr 'l evel

of mgolﬁ&t 4s }Sbét)’thb In¥ctBioh PRSvidR M6 BP a8seehinPurAiCHiety in

activit he reference sanple indicates the subject

a ulyettes rmsﬁwénmcl@dgs tpqul?gea tteshi saﬁmlﬂ(hﬁmnyfthembjegt and
elfifhRSofcHRIREA% AME) S0t R eS8 SRyt

th®test sdgple 15Cétﬁn1h@ed«|§)eAIChE actiity @isd r@@emieesar@‘fe H&igdaBom one
it contains, or is suspected of containing active AChE

OT JRQFE éﬁlCH"ldAalﬁ W@Pé"r fraif apxisty levaips knowie| hbe indivdughor fipdividuals
mﬁ@%‘ﬁfﬁr&? urm . gre § %ﬁaxséﬂ)bthg %ﬁl{)}ﬁ%tn@.ate FJE%QQ%I#E 5‘1‘:111189& SOME traits

.-u

| Sease
geaddyodgeramntes ethprid wroupp lahd redpmeass daddxi. f iredome dmbuoditgents, the

hat e e rs.of. certain racial or hmc gr oups,
Suﬁleat aﬂ%@@é@?ﬂgﬁg inciyigupls SIS ToytPy Uit (6w O[5, of these
trafés ! MinNsdnlte By EHeh@nA@lEaa&R’tltﬂqﬁ @t t@s‘i §§ﬁ1§lenﬂﬂ (Edgﬁ?]efred to an

anxi e n a subject. The nethod includes” provi
average Mélﬁ)la@tl‘flﬁyom thihendivisjuet or inividemdntin the reference sample A

ra E peric L the. .
i el S ACHE pERRCint e st et o £ Pt o the
refefifiice Satiple Qndléaté‘solf(@ hjectitas 16 tANMRIetyPhaA @ it anxiety level
nononeric fornms in a reference sanple derived from one

of ghe ensras mave individuals framoglich theirefezanes sanple sxpsiderivednown
'hlng%&rg%lofo nct%is ﬁﬁ &%@@%ﬁ%ﬂéﬁr ﬁ%SYI | B 48 %s&? %l ﬁ}%tté%tAsample as

er ano OTITB

 losgaik eoreainy @t ésuspeobéd T CHRRGIIBRE betiveXOBE biotéifie A preferred test

reference sanple indicates the subject has less trait
sapgple ielYdessgAMhe trait anxiety |evel of the one or

dor 1ot KhiPUfiieoks, R MBEL ' { b . ARARGRL BAERISY e or o
disaseddeen).cth somengmbraiidents,t palymeorphisms are identified in humans that

are members of certain racial or ethnic groups, e.g., Caucasians, Blacks, Asians or

. Hispanics.

Also within the invention is a method of asseséing trait anxiety in a subject.
The method includes providing a test sample from the subject and identifying
acetylcholinesterase (AChE) monomeric forms in the test sample. The amount of

AChE monomeric forms in the test sample is compared to the amount of AChE
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gel el ectrophoresis. Any biological fluid, cel

sanple, or tissue can be used in the test sanple, as
WO 000g/03&88 t contains, or is suspected of cont aPei/mgo004/000933

AChE nmononeric forms. A preferred test sanple is

serum some enbodi ments, thg subject is a human

i ncl udi ng a heal thy humgn or. i seased human)..|n

e 0BT Rentdeienin AN APAHE G g horeiiiduls whose
tratUABdSty 18R] i@kSow® HDBFRer b a6&5{ ol #3fk@ln Ble &IHJURL.CA hi

groups? e.g}, Caupasiang, §Iacks? 5§?a3§, oF ﬂQ higher
amquapehACHE menenianigi foindsuiil thertest saipliecwalpardadrtotAGhE monomeric

ference. sanple are simlar ta the subject in a .

fofef, B8 e SRCT st ocilita f6 sbfecsradbes Gffensfegglhn the waie
an€iefinlevelD6O R, oG BOEY iftRwidudlf ¢ WHict BH¥ereference sample was

enbodi nents, the subject and individual or individuals
degived.sinmilar in two, three, four or five of these

trai b ' [ L S.a h f

det AP SABRGHE fo WCLE BSBHER Sl 3p6 alERES sl non-
desatbiieg pel eldegopheirésind | ncl udes providing a test sanple

fromthe subject. and identifying PON activity in the

subj‘ubt .IOfs@réag pidy cell, spmplener figshie cam b used @ éws%trsealple, as
lofiPas! {f BorR AR Y idushERbPEH dopildping P
° dg;? ilved from (IJneu Sgr r%‘?ftedolﬁga&ﬁ% %%ﬁ&ﬁ%@%og@gpAepmfened
teshpunpleys seswml i s known. h sone enbodi ments, |ower PON

2ot B P SRR b intPallafele) B o
diseasedeaiiniaa).| i son{wmﬁiﬂlvﬁbﬁp,i ﬁwyrﬁ&@%lﬁnﬁ% ﬁ%ﬂtiﬁ.«f@iﬁ lﬁl_l%?ans that
e

one or nore individuals in the reference sanple.
arg mempegfuel catain ragialiog edlinic igrouphee. go fGauesrianss Binsks Asians, or
Hi?éagﬁclsar to the subject in at least one trait sel ected
omthe traits gender, age, race, ethnic group, and
bodyTheeadividagleot, indiviivwak i nhottiférendeSsaniplears $hhstto adlsubject
. individual or individuals are simlar in two, three,
n fap fastopng pF, @oge of HiesEattsr gandsr, 32¢.rrase rithniprigsprend ody mass
_ o . . N i : o
ndeh, HSOBEARELALES 805 M OB ol Bt
twagthieei fopr bnfivehef these taitsnor e i ndi vi duals. I n sone
enmbodi nents, .the subject is a h n (incluyding a ..
Pealtiig ST 03, 3 Y GEnd R of fetagHping subceptibiliy to

staRITRREEITERL $ subjedty "PhO Mttt Blcfided PROVidingdh {3t B%rom the
that are nenbérs of certain racial or eChnic groups,

subjeet. and ddensifging RON Sitivitidn ther subjesh aPONsactipity irbiheltesgisample is

| ui d, [ L sanpl r_t.ssue cap be used in the_test
ool so S8 amBRIRY PO aclilE o Forefce ERlptbriuge gfoi one or
mcEe idivitudlg whbdest 1o i16vel ERwnA preferred test

sample is serum In a turther aspect, the invention

pr oV gese eophodipentn floget BON activity in the test sample relative to the
reference sample indicates the subject is at increased susceptibility for developing state

anxiety than the one or more individuals in the reference sample.

The individual or individuals in the reference sample are similar to the subject in at
least one trait selected from the traits gender, age, race, ethnic group, and body mass
index. In some embodiments, the subject and individual or individuals are similar in

two, three, four or five of these traits.
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susceptibility to state anxiety in a subject by
providing a test sanple fromthe subject and
w0 d@soss7g8 ng AChE activity in the test sanpl e. PEIZIE004/000933
activity in the test sanple is conpared to the anount
of AChE activity in a refergnce sanple derived from

i ndi vi dual t.at i, et .S .
oot sofR ettt dRe ZpeliiE g, Rt ifs AQHE B the
sul5jactPAR @b@ip&rind Ity AChE REtEHPkE ACHE R06itP'in 'RE S or more

. the traits gender, age, race, ethnic group, or body
indjyigsalg.ndex. I n sone enbodi nents, the subject and

i Ndi Vi I 4 ndi Vi e sl j; t hree

t out SOHE euBbaiils W \BbRoflyh Rl Bhotlfiph Ahealifl fifigan or o
disbasgh dmlag) eln soineAGhbodimerith ol @aérpbidnielate denfifiydeid Huthans that

t he éeference sappl e i ndi cates the subject has

are INEPRGYS O C L EAtal BT $thRi sreinst - Caveasians, Rlesksaorddispanics.
. | odi vi . ; -
Ary ioIBERa DGR Saliphe of Mot cafl b Bed (66 BRCALA N Tope as i
comthinaser s suspecttdiiof canteinity AChE: nsumbjredt . fofthe netpheferred test
iﬁl%"UdeS providing a plurality of test sanples, with
SAPRE 1§ ¥ sanpl es taken fromthe subject at different
timgs. a Pﬂi{h@Ptds}Sé&% th® ind8Rtidnl Ip6vities thenbthed abt taétehining
test sanples and the PON activity of two or nore test
susegpiihility torstate piweetylin@asubjept lf provading arigst eampls from the subject

I o T i

compined @6 thicakasuratof EHP hctifyeintd fEROMdRtAmpRS @rBred from one or
adm pistering an anxi ety tfeatment and one or no

re
marg i dpals BEOseNels aaKICHHiEVelrs apwn.t The jsividual of dedividuals in

AR s b2 i 5, hpBER fefeoribe Rl it sender, e
raceOthmid iguaupy oofbodyemass idex tIassomsa pibediniaits nthatsubjeet and
. Qr..mgre. tj. ints.dyri.ng an anxjety attack and_ one or
indtidgal og iy 1@3@@3? & Siraparn R0 JhEee ofouRBE Ve Pl Hags; thits:
af t gf séifle @ABbEIENRL b Hedhep 1dvRI SNRACAE! inABORSL sarﬂeﬂ]@ compared to
i nvention provides a nethod of assessing state anxi gty
thej refesenpgispmple indichigs ithregsybjesy heli ingreasqal smsedpitibilitpto stetanxiety
Cosagl es fromthe su {eﬁ t.alﬁﬁneﬁt diffeant times from
PRA [ihfpe ORC On0E REMIqHAS e reRene PPy of test
In S3Rh@Sadpectl dRNIdvEntesh piddidEAEmBHbH \dftdésedbing Woat® anXiBfyCin a
test sanples fromthe plurality of test sanples is

subjestp afeel mathod inpludssrinseidmgt & pluralityaefi test seomHes cwitly ithey test
s L ASA ETRAC g A gl bt o oRY e i TP LRl i e
pluaslity of 3¢se shinglegnndiibd PON AdtRadyrefiitvoasiOmoRetestl saffipled from the

test sanples taken at one or nore tinepoints after
Pl“é@ﬁ?ﬁ?%n&aﬂ%esdﬁﬁ?@?‘ye@r.eat ment. In other enbodiments,

compar, : Vi ] r. .

act o iopye Akl chioulfy HEN FATREhARIE Umpine PON

actimtye of iamepor mhoredtesi Bgmples atakéretay @tet at kmeawed tibRpoidts before
nor.e test sanpl es taken dat one or nore tinmepoints

admmistering an anxi Y jregfimene pnd one or more test samples taken at one or more

timepoints after administering an anxiety treatment. In other embodiments, comparing

PON activity includes comparing PON activity of one or more test samples taken at
one or more timepoints during an anxiety attack and one or more test samples taken at

one or more timepoints after an anxiety attack.
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The present invention successfully addresses the
shortcom ngs of the presently known configurations by
w@e@3iosti7eg) a bi onol ecul ar or bi ochem cal di agnPSI/II2004/000933
tool which enabl es accurate and rapid diagnosis of
subjects afflicted with anxgety or being predi sposed

th t 0., Unl th i, defj ned, al chnical and ,£
e R0 B B e o SOl ity i
a ﬁﬁﬁ@é@%&ud&ﬁ% q?&_tiaﬁag DYIRANRy A ©&dandiss Bki the éﬁbéé%g takeen at

.art to whic his I'nvention bel ongs.” Al though mne
differentniimes iftoms the sibjent. ACREuictivitem theoplundie ofdestrsatmples is

ip. the practice or.testi of the
idohIEY Al K IR o b Br BAHE 8 Gueieh T s Bt o tes
saipks is doatpabrl. ow. | n case of conflict, the patent

speci fication, including definitions, will control. In

addilRiseme gmbodimenisi grnaparingt AGHE, achiNHy dnelndseepmapaging AChE

i ratid , [ d e limiti
sl LB B A7 P B s, B RELE Tl bl s vt
adh@;idclingim amtiblgdreahyenm;ld ofie er(gmpé fesosmln)p\}\?s\/\iﬁkéh at ane_or more
.reference tp the acconpanyin raw ngs. th specific |
ol GPRIERGE i PRcoRaetheth Y Siodiisis cotparing
AGHE 88589 ihdladestddgpafh Lﬁ@ﬂliaé[cﬁlvlﬁg %%n@blemgge $8safples taken at

exanpl e”and for pudrposes of i strative discussron o
ong |9e merefimepeidtsalvsingiamenkistyodttack eng pes entmoratestrdampies taken at

and are presented in the cause of providing what
onf 9 oreifis a@‘ FERENBE St ul and readily
undamhs tpeedniiasertiddt suefesstully B&drBése s HePhBfcafifhgs of the CPresently

concept ual aspects of the invention. In this regard,
knpwn gonBigpiatipns Y duovidingha hiemelgeular ar bishamics! sliagnpstic tool

o ki 30 g S S SEOREY o s o b

prafiésposedphemeto. t aken wit h t he draw ngs naki ng apparent to

t ho skilled,in the art how the several forns of the

| v SRS PUHRRY S BB bHLD e, TR foRpoused hercin have
the§aBW¥ MehinddsCondmbidt | 5ndbAGdaEry A i

.chronpsonéfpoéP%Pong%gﬁgggg?yﬁg?ghfgﬁg|tegaﬁﬁggﬁgn%&ﬁﬁywh
thig xPE0teOBlongBCHE thonigh ASOIRES and mahtd2EM sifollab80&@RYalent to those

TR OB RN N TN A A

metiods ehnd | Bdelisls and Uesebed HeldWhE.InBERE. ofNDnflict, the patent
par aoxonase as a function of age or body mass | ndex

speceigajion.dpelyAingsdesinitinsanwidEsensiol.e de kddjtionpthe mat@dgls, methods,
' ] CHE activity,
angmaley dtp BYRK AN, NP RorSBRRAGTEBGEE Vet on of

trait anxiety. FIG 4 is an el ectrophoretogram show ng

and nononer forms in serum
rait anxiety. FIG 5 is

CLATA Bl 022 of QNOF | el By \
SOF\’IFIﬁg liilenfBn id F&eROTKERA, BY %Vayg(%n&%pléa‘gaﬁ’ witi 16 Ade to

the accompanying drawings. With specific reference now to the drawings in detail, it

is stressed that the particulars shown are by way of example and for purposes of
illustrative discussion of the preferred embodiments of the present invention only, and
are presented in the cause of providing what is believed to be the most useful and
readily understood description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show structural details of the invention

in more detail than is necessary for a fundamental understanding of the invention, the
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activities. FIG 6 is a contour map show ng the

inter-rel ated consequences of AChE and PON vari ati ons
wo@RoosHai7es anxi ety. FIG 7A is a graph of pl asneCEN2gom000933

activities, normalized to the popul ati on average, for

AChE, arylesterase, BChE and paraoxonase. FIG 7B is

raphs qf AChE, paraoxonase, BChE an ary}ggls erase

aclfeiion o it e RrpER G AR B ga st Sl FHiRarew te
sebéafolth$08E ﬁmeﬁ{io@ﬁ%gl% eHdSGicaMpALitLst erase enzyne

activates for each PONl -108/55 haplotype. FIG 8B is

a ddpitlstdrewings: superi nposed structures of PONl 55L and

PONI .55 with a,magnpi fi.ed vi ew show osition 5

and G0, heftrbotPREHH AGER O vt QsRERRhY oPesifons and
pob@h&phid sik@Min tht ACHF IABONRY) BUHE YN@S1000858) and PONI

activity in PON 55L (n:39%, M (n=38) and MM (n=14)
(AF3AP3H2) aenes- Nudeotidesiumbers hegimatibe tigfisstipéon ftatsite aA)- s

a dggiCty Qn L Uc f '

subgftl;i pé?e%, a%fr ?éwm?}ﬁ(é%lgpéhéﬁ%\?m ﬁgméﬁ tltf’%/\eﬁéegﬁ %el eésf of AChE,
BOE ranl paedxbyasd 98 a finhietion afdige os body mgsssindet (BVIEs Graphs show

bet t hydrol yzed by 92, and the bottom show ng
m%ﬁsﬁ%“é@é?%@?‘&%‘éé qual Iy well by both
al | ggaz gnRs, agié@ho% Seréin JeOHE! 4cRitPf cRBIAQERIs, BCHE, and

docked in th tive site of PONl, with the arginine
PQNdewls ssarfuneionasfitchitemxixty.posi t i on 192 superi nposed.

FI G i s a _hi.stogram of par.aoxon tivities ifp

i £ 10ert TRy ORISR, VP Rt (St fimer, and
mbhGhQFo AfscRMg ¥PRIbRELS With High®r 16Vt alkisfy. and

aryl esterase activity in individuals in the bottom 50%

and Klfe X ipagmedistioparegobasedhon ages igondey, AChE, BEhE qand PON
acﬁgﬁiegti on of diethyl phosphoryl at ed- AChE conj ugat e

resulting from paraoxon reaction with Ser200 in the

act i M6. %iib @ @atae nidp Nohing theGntefrélated consetjsneeobdf AChE and
non- denat ur i n% pol yacryl am de gel stained for
PQYtvarighiqns oRstale faXj€¥nd” cont ai ni ng pl asma sanpl es from
subj st ik ib¥mate@o Mo pdpulai
depi I?ﬁ 2nAV\ig sz%ﬂ% gﬂ rlétfe ?L%ﬂllagéﬁr% ﬁg? gf%gésé clzl E)?hé%l zkl?et %/e e nbép on
avefizE, fanACBBNArykssterdse, BEDE end phreonadnaseDESCRI PTI ON OF THE

PREF EMBODI, ME resent iny ion is of a
et G- ol ah SRS AGHE PGt AP 4Nt SRletree ppsms
er2§28 A PIbREYagalRt §gedr Predi sposition in a subject.
Specifically, the
FIG. 8A is a histogram of paraoxonase and arylesterase enzyme activates for
each PON1 -108/55 haplotype.

FIG. 8B is a depiction of superimposed structures of PON1 55L and PON1

55M, with a magnified view showing position 55 and two neighboring amino acids
that coordinate two calcium atoms.

FIG. 9 is a graph of arylesterase activity in PONI 55L (n=39), LM (n=38) and
MM (n=14) individuals subclassified into age groups.

FIG. 10A is a depiction of the structures of some typical OP substrates, with
the top showing substrates better hydrolyzed by R192, the middle showing substrates
better hydrolyzed by Q192, and the bottom showing substrates hydrolyzed equally
well by both alloenzymes.
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present invention can be used to diagnose anxiety in a
subj ect using highly accurate commonly used
wher@siastseal and/ or nol ecul ar techni ques. The PC/ERDI4N00933
provi des nethods for assessing |levels of trait or
state anxiety in a subject py conparing genotypes
and%g ﬁégtess'on. atterns at .the ACHE, PON _and/.or )
aonElGe KK i § depigtifi ob Somexcih dpeied dx She.agivs P LN, with
théairgﬁlhfe AT akheFedi@iR L PSSHHO PSS ﬁlé)bﬁﬂlp&é&s e genotype
and/ or expression pattern of the génes is known. The
ter ﬂ@sﬂ@cg ds arhistegram b paagxanasanctivitias inhdiffeient PONI 55/192

' ed by an individual at a certain tinme. The
ger?&é?%ér?ﬁygﬁ.t anxi ety" refers to a general

SUs®R@! 11 lid & Yistepran of &n¥yhé adtivity et WCHIR BCHN ¥id®irylesterase
di.sarders. include, but are not limted to, panic

actpyitydpindigidupla hbisibaitoma% agyl e ter FO%iof paigpxonase activity.

agoraheopy |: G Qi Spr I & phapi . .
SO0 008 % P SR AIRIAPACHY o et
frospparadion rpdntioh avithsSxr2@0 inthe hitive sitb gergiof ACHHPUl Si ve
posttraumatjc stress disorder, acute stress

di ,

d : S3iGen 1CGBr RfHBea dnkets SPagirey BRiyacrdlaidg gel stained for

catdiyBier £avicf Uad t&n@airﬂﬁg' gﬂ&knarr%h}?l@é fiof] gﬁlgg LG ’wigf‘ H%&xa%‘c? low
er | SOr der,

i nduced anxi ety diso , sSeparation anxiety
AG@Eagdivityver si on di sorder and anxi ety di sorder not

ot h i Se.spegcifi.ed. e Diagnostic.and Stagistical

Vel To0S RefpictioRof J5 apsRARiRs ef ifigeiR beyesd AChE and
PONWatShd protetiCldwe]l. PONL and/ or BCHE genes encode

pol ypepti des involved in neurotransm ssion nedi ated by

the neurotransmitter acetylcholine (ACh). ACh

'pgrs%%ﬁryé@p AiE Biabef s tynct i ons,
processes as

wel Thagresegnirventiorniwdobahavthod avhick aiede tiiebd db R@ickly and
| earni ng and pani c responses. Anxjiety is known

nenory, X o
ac‘i‘%ar{g‘?'g‘ﬂlﬁé?éea% HEKIERe P @i ORyEtHsPYsbigB N # subiects WSResifigally, the

B8 3 IGAE L RIS SLOR8 4l iy iy s
corosyeokyused binchémicnl amd/drondlbenlar tegmiques.el at ed cheni cal

\ggtr é&v%gﬁ% fc’ni%fgieeg b%ﬁ%idgtgg as%%t al teivegls %? Erlal\t/ io} %tag anxiety in
a sabfe¥l ¥ %Bﬁiﬁéi(‘)lf% teBhdi§Fes( Bfdg) expfliislo pidfernd &NMBUEAEPPONT

bound t the i nvention deSC(lbed herei n was
andfex; B(@bedenas fgathe pgnotypeesnd/oraekprgssidve patjerotdfetliesgeneatin a

' Al ores.reflect inherite e e .
rer B bl B SRR ouleP ek P Rlon ety e Bies s tmown.
act irhé tres’stas artibHT refdrdXy MRMHP HAPH SkpPAERER 1S ah: inllifvidual
was al so postulated that the capacity to respond to )
at & RerkdR Hiee ok terma ntal pnxiger aafsrnlg asgangral Aciseptikilin to anxiety
. r Lm 1 in . j ©C it i basal .
in SRRl 8 SUBIESK Ly 08 g s
agazaqpobiss ipanicl diverled odthblli sgaept@bid) Panicsdikordel With agoraphobia,
in egendeﬁ{ of .denographic paraneters, PON acti vi.tiy )
ag%@w & Syifhonb hisfery OfuPrgedisondsh sRepifico phebin.ogoeiel phobia,

obsEREVEEQRFulsivE ik &L pbsRRuRhtS HEL YactiRS t

for asso@f ation vm&:?h%t %e %@% e%gﬁsge&g&éjtd%éeaﬁ% sth&¥ (ﬁéjorder’
generalized anxiety disorder, anxiety disorder due to a general medical condition,
substance induced anxiety disorder, separation anxiety disorder, sexual aversion
disorder and anxiety disorder not otherwise specified. See Diagnostic and Statistical

Manual for Mental Disorders, 4™ Ed (1994) pp. 393 —444.
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the observed and predicted activity values of AChE and

PON. Measurenents of serum AChE- PON enzyne activities
wowees/opss or ned i n sanpl es from 451 heal t hy sub{EUL2804/000933

participating in the HERI TAGE Fam |y Study. The

HERI TAGE Fanmily Study was ogiginally designed to

eval uat of . .genet.ic and non-genetic factors .
in Jﬁ@dﬁ&?ﬂﬂf Jj&é{_?, %?ragééi ECBFY eﬂaqfﬁoaglmr_&@ﬁ% riggved in
nehitAnRidi6n Ehedifted Cby "thé MeltbtranGthitRr RIGAHRILE (At Neach
study, see Bouchard ‘et al. Medicine and Science In
copibutes tenumesous physiolpgicanctkMs, ihoREingvbatou aetindtyt ndofecretion
serum AChE- PON enzyne .activities, when .corrected.for.
PG EHS P ST AR ard bepajuta ShtosnPePAERLEEqonh ufbas and
pamis SRSpEiseONS Atkiely S§ ARWANXd §rovekeOEIRSinefdid I8pki-ABusdl(e. g.
noti on of correspondi ng enzyne rel ati onshi ps. These

swealing, tintestigl ©F teastrin qonsiristions etcdankn addlitions AFhR rixiactagget of
i . ) 't ed .

re 540 B K5 O 50 R St

agenis ndepleted thep candiytic ngtivioy iofi depte 20EHE ahd ahe fhieiologous enzyme

assessj ng anxi ety neasures. The findi ngs reveal
b“B’Fé@P@H@ E1a5% ei ved interrel ationshi ps between

anxivehiye B%isﬂggggﬁg{%gﬁghe&g;ﬁfgﬂ&mﬁw d%&érib\éhthig:f‘e%l was

and thelr corr typ e not w shing
devaloprel bopad by investigagingi the i lyypptdssis| thate dnstibtyt trait scores reflect

e T e TR R
affeXB& 'Hye B&Rosrapiat g@:ﬁh&@f@,nt § @hs A6 Postulatel! thhe B Eacity to
t he paraoxonase PON gen.e is adjacent to the AChE :
respend to AbpERing condibinns bireingreasipng gerunh AGhBNlevglsowellld be more

. , f i y¥ity b troyi . .
e SAnEaE ol nOSTERAOR) oY b ARG Mg spsimat
expesditre lA€HFor tBisHna rtHatHﬁNkeEﬁﬁdSpehﬂ&[t&foI&c%&ﬁﬁ@d p&ainbters.

the environnental and the experience-rel ated el enents

PQIY agiivifempy detesming thg tagyiresspt Bgr AGEE 9veyitRguctionE- Therefore,
A v oo . . ' ’

AR B0 ML RSedSon™Of O roge posween

theselisped and ptediates] actipsy yatoegpdli ACHBand BONa ACHE, PON

and/or BCHE geng that | lated with a particular .
[ ovofcasreaiRRcpy, sermn ACH POR esymo- Getigidiirege meflormed in

sarRPleY FRLPIS SReHAY siflcA$ paticphity ¥ thd HERIRAGE By Study. The
anxi ety score or scoring range in the STAI 1ndex. In

HERIFAGH Family Svedyyway ptigigatly designed@hByal@anithe robelobHgenetic and

BCHE .gene, that caorrelates w .a r.ticular |evel of .
nop et P e B loEamelsboiE B8 i Gy Rtreobic
exdéroisk Wehenifg O IRk Qr d tiAdbi e SAMYS BB BT PRI MFiicine and

The extended human ACHE pronoter includes a functional

Scignegisewotts eod Exersisg3dg212% 48 (GRE). I n one ACHEI

o Rt BRR 8 i e bONS BB Bliyis Wi orregred for

demegmphicpeiraheeighiesvaled iitBielated inverse associations with state anxiety

scores, supporting' the notion of corresponding enzyme relationships. These results
indicate that a significant source of anxiety feelings involves inherited and acquired
parameters of acetylcholine regulation that can be readily quantified, providing an
independent tool for assessing anxiety measures. The findings reveal previously non-
perceived interrelationships between anxiety feelings, serum AChE, BChE and PON

activities, and their corresponding genotypes.
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AChE gene is the P446 pol ynorphism (Bartels et al. Am

J. Hu. Genet. 52:928-36, 1993). Suitable PON pronoter
w@odogsi7phi sns i ncl ude (indicated by the di st apCEIL2004/000933

nucl eotides fromthe transcription start site at 0):

-108C/ T, which contributes 1po 22. 4% of the variation

in eeS| , | el i.m nati.n .
ot Qe fokRRARE 0 beltanRd Byl IRABINGT afy golymorphisms
in (suedriesporeling i CHE het BEERsars Tail affe @XMt 8he &BAfdhinental and
162G.C, vvhi' ctgl iontri btut es to. 2.4%of this variation
the gpgHeRFeatlaind eloments of sqxiely. Eprbermory. thepayagepnasnB@NI gene
- ; t n 54,371+ :
s et BRCATI Ol TR ST g o s
pradugi can iafitcbu dClth estivigh dpgdasgoying envirodmentab ltyxiaptthaletarget

ACHE I orebisghim A Gy R R AR EONT Zonsansrefobe e pesh the
envifdiPneMdBand #&Y dxpe@énclrelatdd efdndnts dfRRty. 99: 62- 66,
1997) and QL92R (CAA into CGA) (Davies ‘et al, Nat.

Gendsssesging334Anzigly 19p6)ldentifSing: aB\CHBCHPOMNI y randfdri SBEHE

' the D70G (Neville et al, J. Biol. Chem
Poé@é%’ﬁ%’%@- 38, 1990). The test sanple can be any

bi olTeajt amtietyl ibliaskessed|tly dotsrpliting hethies aUest sampleoR@massubject

it contains g,enom' c fromthe subject. and/or RNA

DNA

coRtais dgrol HBAPRICHRIRINE At e, PONI andfor G gene that irassociated
Wifh EPLLBRRFIEROr TR Rrutll MAER ROCCARLR, 1Ee pol b can
be pesoicakeel with lal pavtcular anxéety sedre wa scdringcahges anhleeSTAI index. In

i cal ecinen,. and , ecj e t hods of
R Up a0 RODRREPERE. BoPUACHE & O] nTHer DLRIE gricaiie Spgplates
with gHrli@ilard 8%l OF AR of StatéBbkiely@WheiRed.ne art. The DNA

may be used directly or may "be anplified enzymatically

i n @iGHD pelymeup]tists ncbide popmoten and ceding bgqussdespnd pmorphisms.

; 19 ther | it i fi ti.on
T $8ie800 Bt 2R DroRbieEindilel f PofioL ghoepog Sfirommonse
eleadent GGRBNI Ch 8ubBCHHY (J1988phissd, I BfegicH SPIAE ERBRA is deleted
anplification (SDA) (Walker et al. Proc. Natl. Acad.
(Shapjra egjak, Humgdalg engs, 9:1889P1, 2000p.- A, secand pelysraiphiswen the

. : . : on | vei .
ACHEELLES PRl B ALY K B 522536
1998t ect ed by using a variety of techniques that are
wel |, k he art. Strategies for identificatiaqn .
nd SHUAE A B i palyah s dnglode [pdiaied 53he ditance in
nucldotidbd onihe tRbderigadr sAALHE at J)° e—l@ﬁ(?ﬁ? %l&%ﬁgﬂgﬁﬁﬁ to 22.4%

usual Iy enpl oy pre-characteriZed polynorp
of jthe vaniatige niot YOIN ekprestiom npessibin diyu ebimfingimgy avpgitital SP1

DR R Hinfhe 31t (B0 lR e o maiatsclit o Su2p SoB; 2000); -
167G/ &hitlo chRridaes 6 2h%b Of hRSGIhii6n iBRIPhY fd: Gt AR PfHuman

t he known pol %m)r phic forms. .
Genet. 68:1428-36, 2001) and -126C/G (Costa et al. Ann. Rev Med 54:371-92, 2003).

Suitable polymorphisms in the PONI coding region include those changing the

encoded polypeptide sequence, e.g., the PONI polymorphisms can include (indicated
by amino acid number and symbol) L55M (CTG into ATG) (Garin et al., J. Clin.
Invest. 99:62-66, 1997) and Q192R (CAA into CGA) (Davies et al., Nat. Genet.
14:334-36, 1996).
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Detection can include anplification of the starting
nucleic acid (DNA or RNA) fromthe target sanples.
wQabios/08¥188 be acconplished by e.g., PCR See geP€T/al2044/000933
PCR Technol ogy: Principles and Applications for DNA
Amplification (ed. H A Erlél Fr eeman Press NY, NY,

sohiRR) AT nEb PR, iu L B, DobSDUSe 27 g e, phem

265120995-38/4990990) ; Mattila et al., Nucleic Acids Res.
19, 4967 (1991); Eckert et al, PCR Met hods and
Applﬂ)@é@stéwgph? cambe(angmloglc@ﬁlm@dgll smmplee psbﬁ;ue,t aseibng as it

I
coget e e‘l?lgﬁmoﬁﬁ ‘%Ifgr%r P |Sl§b ec‘?,‘ %E(g{))re 9%3\%1% ‘i ACHE
P@Mh dYeBGHE @rndsi. STiad, b)éuﬁabl@tdsﬁ‘ﬁamplé ummdw e lobfaluwal fﬁﬁn any

ut not_1i d.t restrictionfragnent
nuP’@ﬁ%jil e} d?f%ﬁ ﬁ’ﬁﬁys Fﬁcée@lse@t)%weé%{% a8 R?F\‘P]a‘FrﬁleP'é’Dgp%m% isaliva,
|d| zation with
buﬁ@ﬁtsithﬁl%é Q ﬁ&%%n ay%&%p rlh%e

| el e- speci |gonuc eot s (Wl |l ace et al,
NucIMethaﬁsdsf Bespanﬁg 31514[&»1855(75 il @78ym that isuchitadle for mutation

oo B R BB g8 i o may

lifig@ BHAIreRich e irAT#d ) AroubRELOSt IER 8baikiM Gl SAeh&SI0R
m?l 2269-2270, Hi%9931) al | gl?espem fi ?;a ( Newt oirﬁ&z 1,

1988). or othe mA@ﬁrq gmgé@catm metbads) ich 12 8189 llgase cham reaction (LCR)

LS ARl 40803 (ol it { iR Aoy Pty TR 65D
(Wedlkedlet al\lﬂil’ﬁdc. NAdi dgadReSei. 128.A3%8989186, 199D) self-sustained sequence

enatur -gradi ent gel electrophoresis (DGGE) (Fisher
replicatipn ( cPﬂ%é? mutatfonpnalysis.  USA 80: 1579- 83, 1983),

AR A O S AR P iy o

teohhﬁpwsagrat ate weld abwhed thase- fSanat@m(s Mpeidentficaion and detection

e GRRHDSL i 16, STA7AG0RR0ER 146115 T Cb U SHailer othe present
me(tchS’dé' usuglly @h}pld:}’f ?&-ch%@cterm&? ﬁglynﬁﬁhlsﬂiﬁgA T4t %! e genotyping

1995) cl eavage of het erodupl ex "DNA, net hods based “on
locgtipe| @ds paore iof mlmerpheo(tf@nm pres¢8y etenite thage | already been

L(Ga KI'for 51\%/ ggf%%lﬁffgﬁ '%fo%gnetl 3 tsf%niﬂl%‘?b%l‘%’? &emgned

for(shB&ifi idenkificaionasFbEkiRsiin pist id PAnassay (OLA)
(Landegren et al, Science 241 077, 1988{ t he

al | Slegcign ean include gannldisationeirhe sainggmclaicmyd (DNA or RNA)

B . 5 oo B B8, At

TediRiohofy: Geicipl 2, Applitacians for DMACAmpIfibatase Se&nTLANRlich
Frésgin Ty, Bap N oRaE %&?{gwgcgfse%@%ﬁw@%@&fmaﬁm
(ecﬁl InnNu & al. A@a@émﬁgﬁesgséaxg%% 5(2,86 9958 %glattl e?létgcg? Naklef Acids

Aci ds Res
Reb,ytﬁ 4967 £19%0)" Eckert se! cdcﬂ’iGIéMeﬁtrrdschnzlaApmrchtimesf o, 97t (@991);

e g

whi qiiet Betedtitiil &fC tp@%rblﬁsxﬁ?”ﬂll %g&!ih@f PNANGfuences, can be

sui t_abl(%/ stringent conditions
accomplished by a variety of methods including, but not limited to, restriction-

fragﬁlent-lengdl—polymorphlsm detection based on allele-specific restriction-
endonuclease cleavage, hybridization with allele-specific oligonucleotide probes

(Wallace et al., Nucl. Acids Res. 6:3543-3557, 1978), including immobilized
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that sequence is present in a conplex mxture {e.qg.,

total cellular DNA or RNA). "Stringent conditions" are
w@omvdiosi7esms under which a probe will hybri di zeP€DIL2064/000933

target subsequence, but to no other sequences.

Stringent conditions are seguence-dependent and are

different in.differengt cirgcunst es onge n
ogomtiises (il ¢4 €y Ppeanafl Grad SEnpsrataza0 BAdE ) or
oligbalidl&stide Nefys GIRSKA! drVal., Nucl. UG Re9NUIRESNITAN B93), allele-

sel ected such that the tenperature is about 5C | ower

spe¢ifin RO (Npwiamae! @lel NielgApigs es( ¥Ti$59316. H8Npmésmateh-repair

0 i.ch r i [ kS) n t Q; u
acREARTRRRIS UAfl'o/ YT GERGR TS SA7ABRENIOEY, BirfH6r Mucs
prbteﬁ?gw agner Q(tj @unnacl. d’&fidlsﬂRds). 12818944818y é%}h def:rml:d;ru%ng' adient gel

nucl ei ¢ .acid concentration) at c ] ar get
CleSmBRTeEs FUGAT Bher & ol nBloc il ohe: Sr USAoRE TSRS Tos)
DO " o conditions i )
siffly bl oD Rl smtorplik, AGEHon ML o/0NS GRCHRE P74
8791 N&83 ) RN Anse oleavdgeont (wismathwel basespins s(Myeas apHil. (Science

0 3 e,te rature i I t .ab 3
2o oas S iRg Gl ar T ooy Al PO A Gl lane. 1989
orcaﬁ?mhﬂji@ (BowiRBr &, SProbENag.nAeite GciM USA tores7agid i 1008Y clehvage of
destabilizing agents such as formam de. For exanpl e,

hegaspénpleroRAs inathods dreed qglale specific pmanervicasien {pyianen ef al.,
T H At f C :
Oy RSty 500 SRAE v TR KR IRl Ui et

Ad:iﬂ:lv eRks.0 hrP.Qaﬁl 190-41r76vi (d8s4)re }iHa:O dﬂggfoﬁﬁclécdﬁletlig‘aﬂbﬂ gassay (OLA)

pol ynor phi sns. i n ACHE, PON n E genes that _are |

(LBSARRTtl S ioRCe A1 077 1008), B Slede-SReCilt laatign chfineaction
' r nij.;e | ey.¢h&.1d Y

(I_gftﬁ %’(Iﬁg{r%?éﬁréésrﬁ%ﬁi BNELCUS A 8Y8881933 199%2&& g,CRA(Abravaya

I cant associ ation’ bet
etpal.,y Noclp oddsf ®iesn 28F:6T5682)e 195, dadavactive yankdéor eflgorescent DNA

i ndi cates the pol ynorphismis associated wi,th a ..
sep S TEL e SHFDgRE ROPEDEFS W EnBP B SbH b jpeRide muclei acid
(PR Y43RdyB RORIM kPaR N £6ilis RBENEIIB2.5356,0i19031 ERicld & al., Nucl.

subject has a particular anxiety level. L sone
Acid® Bds- 281983-984hE0%Dxi ety | evel is deternmined with

eac PR ARRAER Y s R AR o pfiing. o

dupbsnk, ioh apatleicaitid ivldduRcalLio/a $dtand Afehdcube tiuvleblide sequence
when corrected for denographic paraneters, is .
tojviyieh the|npcleisanid iy complppntayysphdes syitahly strmgent candifjans when
' i i ect as d '
ks 8 e, AP RRAETOES L EONTA DR L)
“Sstidgenc tonditidnst’ hee tandiiomsfundet whiichya proba wikk hgbridice to its target

ugg{;ﬁll e V\@OSE amount of trait anxi etg is known. A | qwer

s pcsy butdgmother segyences. ¢ REingen;copditigas g Spahauge-fgpendent
ot L . Lo .

ackife BRIGH: R airdlibin Affunkuies, 1 bilRr SELBHRMILARID sfocifically

atiighev itetopdratoresithali shiogienlosest Ha¢necallys sfringerd cohditions are selected

g 5 T et i BN oo Wt UF Hropal el pinh T for
thé\gggelﬁ@ kégtehde twhith RRhRIAN6E iS alEdRd td Ycbdt £ Héfhed ionic

ject has less trait
strength and pH. The Tm is the temperature (under defined ionic strength, pH, and

nucleic acid concentration) at which 50% of the target sequence hybridizes to the
complementary probe at equilibrium. Typically, stringent conditions include a salt

concentration of at least about 0.01 to about 1.0 M Na ion concentration (or other
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anxiety than the level of trait anxiety in the
i ndi vi dual or individuals that constitute the
wO0 edosss18e sanpl e. Met hods of assessi ng AChE arCT/Mi2084/000933
are well known (see, e.g., Ellman et al., Biochem
Phar macol . 7:88-95, 1961). ;kn addition to serum the

sl TR § E50 7 LSHRRTL Yy DSy P RSB 5.
10AQ5E clofies). Beingéht Yorldsid® aan msd berachiaeedawaem@ gddifion of

a BChE inhibitor, such as iso- OWA at 10 M Anxiety
degtahilirigg @gpnts sueh Anfarpemjde. oFoy ﬁxa@m!@,t qo@ﬁltl‘)@é 0 SXe88 (750
I °
AP0 NSl e s TR G5 RIBERL e s 307
areckeiitable fdnallbm-spéﬁlﬁﬁ pmhed%ndrzatﬁmsrrs ar e over

represented in subjectsld rait anxi
scorl@€ Invanfign alspipgavides m%tihm%f g‘F ‘%@Hé’“@% Eig‘c!rﬂ*%m ACHE,
PONE'88 BEHE g8%ds thit £€ allbsibleASHinPuRli& Q&I'Téveﬂ t’ﬁle %ssocmtlon of a

acetylchollne hydrolytic activity. t hese,
pobmqmlny momE-as] vanxiemt levds nis canpa'ndar sA tslmailstlcally significant

ass% %1&1 ﬁs%e:gglaf% W?Igglcb%)el d F%e gﬁﬁaq)ﬂ%ty levels indicates the

po@ir[di‘?lﬁsmﬂﬂ Uz Sski A6 BvifR uagmﬁ@ﬂarrm g%mnomﬁ ;F Feséne@' §this
et a Nat. Rev. Neurosci. 2:294-30 2001) hese

bonghism incnsubjest thercfaseoingdicates she gubjeethkassa mwnlar ranxiety
o S SR, IR g e
STAilsmgrevarl ous nethod, such as staining for activity or

i munobl ot ,an A higher |evel of mononeric
for ﬁgsedfl"&éﬁl%ghﬁ guring AGREA Gafty acHaEpresyia’ in t he

t estrhe aAPdioh Ndi aREE $n tpgﬁafr}‘ e BsclhRsy ltl’?ﬁ? SA@%@' detivity, when

anxi ety than the 1 ndividu or 1 ndividu
comsgntest for dewogiaphic phanetas, is mvptsely absdeintet witkwrait ankiety. Thus,
N5 re ater trait. anxiety j e ..
stalf REY o PP R % s Poupit b Rbpnlon, RGh Stivity
in & @88 barhiple Frdnh @ suBfeel W1k eheSRIBH oF- acVisf ﬁp£ kéféxjehée)/sahﬁ)le whose
state anxiety is determ ned by ident’f

gt O 35t EREFGris AEmach flowes 1ovel of AGhb seRviEnth the subject as

. il fe Lo d

O e T

has moketrin ankisgatian fiey indGitad blt:‘m(flyldﬂiw ttlkdﬂ f@:wsti&ﬁqte lttH@ reférfence
urlong et al., a

d bed
Sa@?qec KoRyasgy: I Izgl‘rerl Teshof NEINE ackity Heihsisubiestas sompansdlte the
ambﬂntt SEACRESIRVRY it e?er@ﬁcg %H(?lé fHdi &sttﬂg SO 4L 1443 trait
m gender, age, race,

| east one trait selecte
ameeﬂsmh?m the dave] ofamait ooty irthe mdldlehaal ok ihdigidesls lties ebnsditute the
fP(]\I i n si\%d test sanple conpared to said reference
FeISENR @™ Prfi cat es the subject has increased

SUSMd&'df'aE%sﬁlﬁ% HHEL 2PNy %/“%ﬂ%%d%pf esga,':ﬂ § et al.

- or nore individuals in sald reference sa
Bigghems $hagnaceb H8896i 1961  dmwradditioantooseeumn Zl;am:stragmple can

iRy i SeBesth dor ol et e?ﬁﬁ%qu%a RS Sk inpladss detive
ACKE protein. Activity is measured in the presence of a BChE inhibitor, such as iso-
OMPA at 5.10°M.

Anxiety levels can alternatively, or in addition, be assessed by examining
relative levels of AChE monomeric forms relative to other AChE forms. As is

discussed in detail below, AChE monomeric forms are over represented in subjects
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of one enzyne. As is describe in the Exanples section
and hereinbelow it is postulated that the functional

w0 edoassshi p bet ween AChE, PON and BChE act i vPCIL2004/000933
results in the activity of all three enzynes
correlating wth suscepti bi1|4i ty to trait anxiety.

e e seye
Rk Yol isor NG BER ol A B BRI Bllivige o
ledisth ehre pistingo prdteins Qﬁfltlﬂa@etylbﬁohﬁd‘l Bydriolygic AaFRyOf Of these, the
AChE- %3\5]9 |nteract| on(s) rel at es to the broad ant
Prigiary &GhFeS yaoyr dermesstelpmersyfhe eprtigocyiioASRESE prteinagpears as
SRR b3y Rkl SO AN i v
m@oaeri¢ ASBEsY 2002) NatTIRa/ Nriukosci/ Jz’szmgoz c2005 Tese forms of

C&%am t o%sﬁlgé gtZ g‘el I ?giﬂ??g’ré‘oﬁ{/ o@’é!n S‘ﬁ%‘r 8% ihgR-denaturing
po(yﬁﬁﬂy[ﬁﬁﬂ@tgeﬁ%lectréplgrééih | RS fesolhBd (ACHR 334~ B0 vish#BRY: using

as well as its ability to reduce oxidative stress in
Vamtﬁrmﬁtha@@‘gCh apseinigder avbivity asky immyughdetanalyeisani on

S & BRSTREA Y GoRerd Rorpl SATHE ot o SR RRACHE forms

in ey tesC bdraple Vindiemed thevaibjet Bud RS ita@ ﬁixﬁ&%éha%nﬁﬁellﬁdlwdual or
i.nactivated under_ oxidati ve conditions (Weiner et al

" indgyidusla thati copstifate ae r@eqmm &( 3 loys_logel of ggupomey forms

o SFIELIG O Skl 8B O SRR 6 JRAGE 0
comm&bﬁlmferaioe\sahpleacetyl choline levels, initiating
d i ncreasing. the els.o

ChE, o d
SuBeRTPIASH R s Qetermet o AR PO 4 engfor ACHE
act'iﬁ{theassubféci ﬁﬁl &ﬂx?paﬁﬁg endenbicg hae %eh& AIEEL R Hom one

activity, medi ated through the L55M position
or yngire mdmﬂualﬁ thOBﬂeStHIe an!etz:tmblvelc:le npWhGAss)s. fot RONeadivity are

aryl.est er activit changes .i
koSS B0 380 B asterled T v EiPbe & Bl snni hotlem asg242-.
198RTYe $ndi BidMIUE- indibidGale ih €06 RF@snck @&nﬁﬁeﬁe khilaf ¢ the subject
over production, suggesting that PON L55 carriers are

in pideqss pug irait selected fromracadier) agee Fage cothris grqup, adheady AisEidex.

RIS OHG 5 SRS Pl okl s

ther smbjeat hasincrbassdesmseptibilieyod stated@kiettCdmpared disadd one or more
(ﬁ g q old et al., Atherosclerosis, 139(2):307-15,
ind}y %a? @lf?rF‘?‘FQSPWPL:? notion. That PONI and AChE

I .and
pol y{Rr&GA! 'gs?s@%n’{ffh% AN of Tl ﬁ%cénea&fﬁglﬁk%ﬁﬁayr agléi@ (4 more

trait, t traurratlc experiences c
acqumte mepsuremelht ofrsasoeptilsitity todrait anfxiedy baldtiviead iamgssmg the activity

PON1/ ACHE p hi.sms nor e rone to
of SRR ATIHS. © RS S ARET 1 1, BROPRISE GRoecad el it is
podtidRdSBhYy t@sﬁlﬁﬁﬂuﬁfaﬁ gel%drﬁhﬁ;“ﬁéi@@éﬂ AIAHE, YO REBEE activity
anxi etté PON activity also has an Indifect inverse
€

resplis; g jthe jaghviiy ©f atluresentyinkdst gortadatingaivith aswusceptipilityT o drait
émli@t irect association results fromthe

Referring to FIG. 12, there are several modes of AChE and PON1 interaction
at the protein level. As shown in the upper portion of FIG. 12, the first mode of
AChE-PON1 interaction(s) relates to the broad antioxidative properties of PONI.
PON1 protects LDL from oxidation and is an established protection factor in
atherosclerosis (Mackness et al., Atheroscler Suppl, 3(4):49-55, 2002). This ability
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par aoxonase, peroxi dase and aryl esterase activities of
PON protecting AChE from oxi dative stress. As a
WO e®alos37sassessi ng the activity of both AChE apdr/BObD4/000933
may provi de a nore accurate mnmeasurenent of
susceptibility to trait anxjiety than only assessing
the activity of AChE. Sim Ilgrly, through its capacity
mays reflege e gipasiiyvenlgsirolyze lipid pavordes aBdhiEydueperewides and to
i,nyerse .as iation W.th trait ' . . [
BT ARRR e et drtng IR b ONRG ES-S8 1098, as
weélhhd itAGbHRy rte suihidengkiddtiva stiesy BasRciophap¢s Crphidhigl décyease in
to trait, anxiety. Consequently, asses,sLIMnl‘gegt he activi

: t
sup¢ropida pnigRdclstsER pegRbERESY rtctTae Raris BiethMed: 3H@):774-84, 2003).
SULG RThEl: BREAER) b ppliollah oftipe BELRANYC ARk and is
inactivatedl unddri oxidaltive ebmtitios Wendret wbdbiohdm Bliwphys Res Commun,

Ssi the activity of Al BChE .and. PON
BI85, 887 e etk St N AR ot
plSASCERCHIB! hhd YALRE! idddivaibe Qinded NBW DM ARSBRSICRY elevate
the activity of two of the enzynes. State anxiet
acgliyttholing deiels, dnitiadngy AGHE myerpsedistion and imotensipg dhe ilexels of

oln neasuring PON and/or AChE activity in two or
pl%g}aez&égﬁ_—é}glgn@gﬁrgh at two or nore tine points.

Rel enmadthert initRleP @F Nirferh@lonC @élR@E | 10 thé Xagetdepkideat Schanges in
include, e.g., before and after adm nistering an .
arylasterass ativity eahy mediategethrough the k33 pesigion yeeinvalying the Hi,
(el Y it : B PONL ol '
HE Y P! 2 e e ALY DR PRE: 3P DL
colposigivay mhich tihemantinvadvegeoridstbvpusttess ddmagePA@ AChE. This

afsiaiesithe abrbloRayCHS onfimrRbebm Shaftofne Bt PORTOL RS Parrers are

bekt&Y ?k@tect&i e dh@lﬁﬁééicfﬁ@tﬁks‘)t 93 ACKE-R g&uffuldeb under LPS
nol ecul e can be determ ned by el ectrophoresis b

y
exposypar(Coben tay @l..khdvinl Nesrasay, 2131 Wn2120 2003 emgereflest the

nor e tail ed pi re,.of the nol ecule e, aghi eve .
roffloaiCBésinse Ip BISE hBost ub ubBiue LendBly D28 rosis
139(2)EB071 15, @be%:) EQpRRRShE ndti@nﬁ'Tlﬁy\PQNlSiﬂdu&ChE Ipo@&n(ﬂphisms

ordered map. The presence of specific sequences W_thin
werp eshpwagivepredich fnkisty statec trdd By, Ay thali tiawmagis efperiences can

. | . ' . i .
o5 00 e 5 5 L R PECHE i
yepfriobEprof teailve B rédatibfe presence of chain-terminating

nucl eoti de anal ogs. _Fol | owi g‘g is anon-limting |ist .

of dePBeqUHHYmetAR dhols cROParfcHEN) sBd InNeBisy viStarialpk with
suBCcpBGity b YERY lesyy PN Wb BATRT indii@B0inderse association
with nybeeptibiditye do i @&t (ankietySNP This | iadiréat edssodiativim  nesdits ifesn the

a recognition site for, a restrjctio ne resul tj
P4 ORBe PERRISRF ohd ddesierts vBHesart PRREPOgigE ACHE from
oxXIAEVE Ureble TS FREGING SisdeBsifNihd ﬁ&tﬁfi@%ﬂ’ilo&ﬁeACﬁEeaIﬁl PON may

recogni zed and cl eaved by Sone chem cals, providing an
pravide ran andre erceurntst mggsuremeht t afcsusséptipiléy daswait anxiety than only
asg’e%gl”%lfg itﬁeugciti(\)'{g}? bf AChE.
Similarly, through its capacity as a general scavenger of anti-AChEs, BChE has an
inverse association with trait anxiety. Increasmg BChE activity can protect AChE by

scavenging anti-AChEs resulting in a decrease in susceptibility to trait anxiety.

.Consequently, assessing the activity of AChE and BChE may provide a more accurate
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generically named the "M smatch Chem cal C eavage”

(MCC) (Gogos et ah, Nucl. Acids Res., 18:6807-6817,
wa2®8)3s7ebwever, this nethod requires the use PET/OX04090933
tetroxi de and piperidine, two highly noxious chem cal s

whi ch are not suited for use in a clinical |aboratory.
Al l el e specific oligonucl ed®i de (ASO : La this nethod
measugirient of-supeepiibility wl trajomxddty tan dely s&SCnp theaddivity gh AChE.

to hybr. di [ i m . I hi )
et 0 Fa bieBopal relalipsh b RO FRRE BiSmeg. aisening the
acBVi#y of GRThH)EBOERE thrdSPORE nial Préileralmord adcui@é Gheflirehent of
m s-match. Hybridization with radioactively | abel ed

suggeptbility toeait ankistpthiag onlyciswesting the aciigty ofdmorf theengamgs.

v o i e .

SRRk ER, ol i AR b SRk g 1 g A0y basuring

T Remerature of Short DNA L1 aguents, O L1er i ng By a b

Relevegt &imf epiobt f‘&e?o@quggﬁ‘tig}ﬁ)lﬁﬁi% it ¢ an s pfter
Rt | i i .

Rl 058 apRE kR Rs PRANE S AN A B0 o

El ecACBSIEs and POBGHoIYABEphisfwcannbh ddentified ogling el yarty of

det ect i changes ipn electropharetic nobility.i .
mitfad n 8% UG o LI C B [ERMIR BonecRigce; g R reaction
pro@icROdRiterhMivERE o' DRRAL depintsk 6F adtleikt ad®lmay be characterized on

El ect rophoresi’s” (DGGE) i s based on the observation

severak odier davalss 4t fthe dewestsiegplutiensthai sire @f sie apolecule can be
i ffer rns. I . el ti e

AR BB e B BuiOE 1) & Gl Bapdagdrun op the same

gel.hi & merendatailedapicainé Sf ahd) nitediles iapthel adtiekedaldy cleavage with
differences in nmelting properties of hormd;PI exes .

copetyingiions, ot EsHIHEN SREENEH PHicE P $ipciraphoresin §p allay qoagyctien of
CBfiefat 1%9}?. t'ﬁ?e @fe@éﬁ%@c& eciﬁ't\JP% BedcB .v&iﬁfhg the $QEHERCES be

Mhecalse of the orresponding ¢ gnges intheir

detdoszait bydpfadiation obblabeled @sobeToethe pegive muslebtddeequence can be

anal. d, usuyally.P roducts, are "cl anped". one
deé*?ﬂ]“%é P%H‘Sl @P%é‘iagﬁ\e%flga@o& %ggé)r%qrregi?e({%@pgg)atﬁq presence of
chiald-evhmenm Aldedtigfataledl i on of the sequence of

interest without conplete dissociation of the strands.

The Ealloaigrisra nast-limit®g Hst lod dptectian mpdodnwhichagmbetused along
Wi n@g}eassest t het.f raction of rmutations that can be

'Iﬂé d’ﬁ? ggamgfi;l isces (Abranms et al., Genomics 7:463-475,

199 WestrbdtionC frapent Tngih ?mqwmpmsm WRPIP): This mdthdBluses a

to ensure that the anplified sequence has_a | ow . )
chapgesica singlsrnuclentide &he SNE W‘%@) which rpedifiespp gecognition site

t -Acad , s - 236,...1989: A .
ol 58 e e HiCod B AR BRTEORELP. Sing
nudedtifie aatdawkesoin DNA herfodupléresh anecaliie estogdaived apéddleaved by

dients (Wartell et al, Nu

SO R pravding o9, SIRFEIve SbBiEY el pile R Sabpitions
g%éﬁ%}rl?%ﬂeﬁdﬂ& O'w%aﬁgg%ﬂﬂkﬁ)@l%a&aém M’ @ogos e tl,y Nucl.

csS 3:217-223, Imtatirons on‘the-utili
Adcifls R&GEL8:080714681 7, 1890)e diowesee nthistthethod bexjuites dteursernd osmium

tetroxide and piperidine, two highly noxious chemicals which are not suited for use in

a clinical laboratory.
Allele specific oligonucleotide (ASQ): In this method an allele-specific
oligonucleotides (ASOs) is designed to hybridize in proximity to the polymorphic

nucleotide, such that a primer extension or ligation event can be used as the indicator
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conditions nmust be optimzed for each type of DNA to
be tested. Furthernore, the nethod requires

wGep@sioad’Bgzed equi pment to prepare the gel s andPOEIIZOGI/ (00933
t he needed hi gh tenperatures during el ectrophoresis.
The expense associated witfy the synt heS| s of the

o § 5308 958kl B ShERA FHE RB 00 RS SRS RSBn

oli ﬁgéléétﬁiés (ASTY A186HaH %&h% aorma detaﬁoﬁ osf E¥SGHic SNPs
runni n? tinme was shortened i

(Conm@n ¢ft|aé aPrasn Nath DACE. ¢ 81, 0 SrALan o8- d'é‘}?afflﬁfhaatis Bsed on

UM B8 R TEbo 81, S SBRLDNA. ppmBint i by
single ruelebhdere Siripdar hibridienont andewadhinganonditgordi ¢canodisferamtiate

order to reach, hi gh efficiency for the detection of
bet'ggpgmugqnteg@ﬁw,qu e&Hﬁlle%gous to DGGE, terned

?ﬁ%(ﬁfu‘{ﬁg g}a?ﬁ'ite CEEP EYREtRspHoréstCEDGGEAGGE):

erma ent rat er t a chenmi cal denat urant
ng rcﬂhbremhcécﬁahbd a de:ectaig changns wmlectr@m,rptlc mopilgy in response

i T T TR
Ele@&élflﬁﬂéﬁ%@dﬂ) i9 bt RCthe @bsdrvatn! thattSighy differémt abquences

can detect nutations in relative
will displas rdnfﬁermt namwérl@cfab n@ltg@awmrhgle@mhalfe@@ﬂ%%ﬁ‘éolved ona

t P
s FALEL S gt by BB LT AGHE) otn
pro?@itﬁéﬁfﬁf H&h&dﬁpﬁe&%@krsuﬁhﬁéﬂ&dﬁplemrmﬁem imoadsmglalﬁuekbotlde can
Si ngl e- Strand Conf or rratl on Pol i sni i&f? di
detetvidP gpeton, of S Brin hadryat AIChae| Beae <O, B Romiapnding
ch%% g_lgﬁ/ leg&@s hYRER: mORRties. #h@%a%%uen@sgﬁ)l%e %ﬁﬂyt&i usually

ervati on that single strands of
PORupl‘odmats ami 'tlanapedt akencomddiyar og @trctsh o Ge© hresy pritsi (80r$0) to

i n non-denaturin itions, confo t
alloyiepmeliiedar B%%trﬂg*p‘rf&ﬂaﬁ?%‘eﬂ%?*alf’ e{}esp Aot hBthHE d%sgggia“‘m
of &e’ s, a’Pﬁé’S@ac artkhi 61 £01d Yelsthp'f ©FBBDNSA rfwgmmsslneﬂaastes the

one strand nmay be resolved fromthe other. Chan%es in

fragtéapu o casatioins ithat ¢anebe recgeriged by | PCGES &@ﬁmﬁgeé 4lp dSenomics
K %?T% @q)hl%ttatc nseqﬁ@%}a%g%)toﬁg % P? CHH&{I tb el @hat the

an assay 1or sequence

ﬁﬂb@%é Rfice( Ksi 4 Bow diss@dmudﬁeﬂeﬁmbmuE (817&181?1931? a9 8’9()0 Natl.
he SS E ocess i nvol ves denaturin

Apd oo atbeRbgraltls. ki o SivsomoBor G r dhrmol.
15§:9f§% Wdl@% d%c%ﬁB ?@Ré%nxﬁg\@q{aﬁtz'&@n Qdkveloped, using

hondeéenat url po yacry e ge
terhpﬁrﬁt&rd‘@hcﬁemh &Waitoll er &thmﬂ.S Acids Resr, h88089+2301 bE90), and the

ool Qe A,

erature. A serious limtation of this rrethod is

t relative difficulty encountered in conparing data
gen dmﬂitambns ndhé hetigrf DAGErntlodd de reqm@menh@ph idengturing

copdifibpg st f b RRRe e ee PP ERIA T Be'ed. ‘ Hiherkidfe, the

method requires specialized equipment to prepare the gels and maintain the needed

high temperatures during electrophoresis. The expense associated with the synthesis
of the clamping tail on one oligonucleotide for each sequence to be tested is also a
major consideration. In addition, long running times are required for DGGE. The

long running time of DGGE was shortened in a modification of DGGE called constant
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techni que devel oped to scan genes for the presence of
mut ati ons (Liu and Sommer, PCR Met hods Appli., 4:97,
wa9®4)n3s78he ddF techni que conbi nes conponent s PET/Ba0gk00933
di deoxy sequencing with SSCP. A di deoxy sequenci ng
reaction is perforned using one dideoxy term nator and
then the reaction products Hre el ectrophoresed on _
denatierah geli elepgopborssic (GP@H) (Bogansen tep adeesea: Natl. Acad. Sci.
t 8. akhONSad i Lt f .t t i.nati
USA' BRG], VRAE deaflred, 4 G5 LA RAEE iteren
den&iGFant boriditiors iobrden &y RadEkigh effiidncy iférthe detbetionpfiSNEs.

the use of  expensive di deox&g}%fl eotides and this .
t echihi dErRIRe s 2pRlpgeysyitee P héeragd| Jangergfire  gradient  gel

el%c{ng)gﬁnglﬁ%ig (g’?dzﬂggugégéz? tdtinh P Bl ratReihak L€ chemical (%enaturant

bases for optimal detection o
gradicatt(Somdy,. ef ph, Huai tNoln Genet. h2:245%H\1998). i GGEireqsres ahd use of

of. these nethods,are linmted as to the size.of the ..
o CHEPOT, Hlhntan Rerd b UMRRTE, BifdicR peliradicularly
orfbinfeRlGE]afi @6l UEIRE leRGtrRAPTISAC T GEE R A6R S MAhitaBb@Ainaelatifél§ small
600 base#ﬁ\?l rs require cloning, with the consequent

fragapeniss o MNA xhersfnse sransingh of laee caene isegments [reqiireg the use of

| ' 4N, order ver the entire fragnent.
m@é@%@%I?g\(?gtoelﬁ/lgﬁmﬁotﬂ?eegeg’ever e size linmtations.
Bec ESiBgledht?‘agdd \Chgforsmaton | Ec':jlyp)wtdﬁhiﬁﬁ q (l?i'@k)f c l?hailtoﬂﬁzs , common
t hese weds_are not consi dered suitable for |arger
m?'gain@ﬁ?é. gmg%eh%%# iqnehlymomysmbh(SSGR) Wat deyeloped
O Rif oS - ] [ it hy 0 34
S P bl Belichl PO Rt JPCROMER Aty 15438,
1990) esd trbased ob dlseeolpaivatibn dlgarsintgle stBinds lofimbigleict dvéd can take on
sensitivity. of DGCGE decreases. as the. |l ength of the .
PR <PiiaBHunS g s EIBaring coriongRd i Gamorations
influéiRBtbldttlophdte®d nibbilgg! PR H&ﬁ?leﬁ_ﬁ:n@?gd steatfels: askiimé s8fficiently
limted by the relatively small size of the DNA that
diffgsient structyree et orpy sterndqmean dientgsolvpd fedny she other.  Changes in

r i r h SA) ;. _This .
T L TNy R A ——
altering eéecmobilipy aneslldwing tisik g be uséd analeshsayIr-sefidnict ivatations

DNA tenplate in_ the géesence of DNA pol ynerase, ATP
(Oél‘j?’ieﬁf‘g{)%"é’@,ml?%ﬁ?"eg d988H apyrase enzymes and the

d i ' . A P i f i
Lo R Al pyRPRRUONEL Ak DN e (£E7, B PCR producy
thatde Xabeled| @obothl strandspfodlopled thyssigw Nlde)ropisoretitdeghatation loa a non-
ti d th | l, .th
T TN S
bel di§ufd detind i rubf This éeéhlﬁ&ﬁ@iseéﬁ@fr@fyysehﬁtﬁ'@tﬁ) bavfiohdin gel

the tenplate strand. Each incorporati'on event is

cogpesitipn rinddtemperatireasd siiopy diopitetiopheft thi( BRitYod is the relative

. tity equimolar to.the amount of .incarporated, .
ffHA sho A % RomipRube' Safly Befbiacid 41 SRR, Rhrores, under
appatently §ialilay ednditémeverts PPi to ATP in the presence of

adenosi ne 5' phosphosul fate. This ATP drives the

| uciPideqxyelingeprividng (&H)er The rdidgoxy fingeeprinting (ddF) is’ another
; : \ Ay vl t
Sl Bl SRS e WGl lich Y e

PQR adetheds iApplie4:97, 1994). The ddF technique combines components of

Sanger dideoxy sequencing with SSCP. A dideoxy sequencing reaction is performed

using one dideoxy terminator and then the reaction products are electrophoresed on

nondenaturing polyacrylamide gels to detect alterations in mobility of the termination
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| uci ferase-catal yzed reaction is detected by a charge

coupl ed device (CCD) canera and seen as a peak in a
w@peosgsasgt m) . Each |ight signal is proporti oneCTAIR0e41®0933

nunber of nucl eoti des i ncorporated. 20

Acycl oprime(tmanal ysis (Pegkin El mer, Boston,

S , : {S chni.que i s based .
5 uos?ggsqgle%%é% St éﬁ@z‘aplﬁg Le (H'-Pe ¥ a&e‘%&%ﬂ%‘?ﬁn? e %%bn fseps of
incaenstd Bémsitiviityn dAF réduires el s of egmindiveidideokhrucRades and this
Interest, excess priner and dNTPs are renoved through
techpigie, 5 Y0k imited: ioshp ARAYSiF REaETReTSh ke siea SEiPiAy SSRE Gic.
frageAY 6 200.800 baded 5 dplitnaP BANIRR iyl | nact i vat ed,

he_ Acycl opri nme- process uses a thernostable
pol ymedditien tothedibova dintfativuy alll afthessarethodsearsilingited! & to the

. 10 rimer that. ends, i di gt el y. upstream of the SNP
Slz_siotfgbgﬂfg © Ce?‘?@rfﬁatgg}e(‘%)thrggc&% ea?‘éllf%am qrj thg digpct fraupncing
approgdhg aseqderfcls a0 gfcartr eHAAT 6607 Dadd | RS ( flquRt €6Rhe] With the
the original DNA sanpl e: The Acycloprine process uses
congequanb delays apd expense of cithemdgletione suhpeloning eorpuingerewalking, in

R T e S ———

limitatioress eBdchng dfireduyeed sedsltvitgltd ed@endedhahf®, BMR @kthods are not
cl oTer m nat or (t m non- nucl eot |1 de anal ogs

I nferest. Ac C
congidergg %W@Bécfgﬁ lareet drasments t Althoughy $IEE ioreppytgly able to detect
90 BObLY S8 Isthdiighd Withfh £ -pai i

B RE v Dl Kibh £00 bas gl raamept. o itegion drops
to kentatlmgsSG Gin fari 400 e qhaii fragmeents. nSimilaly, The sanitiviy ¢fSDGGE

incorpor ated, b he DNA pol yner in a base-specific
dechRL R0l e Gragmnl RAeE A0 CABe Ftsa e 0R dechnique, as

bhBiRtibs of @irdc R i | ot On. i p:
a. Cf urt he1 r g hai nCt-edI%gﬁég aﬂgl o%n.d ?%@Pﬁ,gig agsgelﬁt%ﬁ% 'ﬂ;ﬂﬂ%e'tla{ﬁvely small
sizo\of e HIDHA thas sambsageamedaf finity and specificity for

der | ' yel oTerarigators than yarigus, Ta t an

o IBSIAERANET AR PRloSi e Hik. VEistogaibn, A bisa):
This etechiqucoiss badsdver siee Ubridibation dhiaSsdq@EAVMLIPEIMEE S a single

| ab ﬁ%sequ,ence specific oligonucl eotide probes and
Stfaﬂ*ﬁf‘i amplitied; PNk templatepinghe pﬁ@qemaeap%@l‘gﬁ ipotymyerase, ATP

1REVRRC QR eg. Pl u | .d e coval entl

S e o ab AR EhAMsT ER B sQUBIRLY  Prosphosutfate

(ARS) rniddlugifierim sutstrdtewva dhithxg secohé stepbik ditstosfofear desxyaucleotide
can be released usin

. | abel ed t t be,
e TR B N PR BV S e e
incipBfakien Vbft Bhed dE@ﬁhﬁ&l@&ﬂiﬁ@ ufffli¥PiRite Ghio® DN if it is

I ines are visuali"zed col or y after
compleinenfaryatd dire bhseoinylthe templse stfarslt r dathvinchrporation event is

s bR R R B8 o VB ahaieH s b 2 RS S 6y amount
of iﬁfﬁfrﬁdﬂaﬁ_ﬁ,nu@koﬁﬂé! Elrtﬁéfldsﬂ%}ﬂﬁﬁ%ﬂ“ Sulfiryfale iﬁbﬁﬂgﬁ%@r&onverts
Wi avi di n al kal i ne phosphatase conjlUgate and a

Wit
PPi| g\ hBug thapseseaea of adenopine 1 ephosplesulfate. dBiis KR driyes the

tuciPH - A0l dont tih OF Rucéf IR RR it st Binaraetyisigpligh
in aedunes than ateapr@ppitionald@dthe amount of ATP. The light produced in the

luciferase-catalyzed reaction is detected by a charge coupled device (CCD) camera

and seen as a peak in a pyrogram™. Each light signal is proportional to the number of

nucleotides incorporated.
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addi ti onal accurate, easy, and inexpensive |arge-scale
SNP genot ypi ng techni ques, such as dynam c

wabdosioas7gpeci fi c hybridization (DASH, Howel |, RZML2004/000933
al ., 1999.21 Dynamic allele-specific hybridization
(DASH) Nat Bi ot echnol . 17, 87-8), mcroplate array

di 2l
Toode Gt aUghHaT %@fﬁiﬁ% oy SlatiadsispionUOA) This
tecﬁﬁiq)d@clrs)’b@%d&n Gl oestbdtNpdiBlidatioft! ¢ @29&%&% M EIRRY PCR

array diagonal gel electrophoresis
anmilﬁt:@mquhm@qume csatamsqlg the &Nibofﬁamn esyess @mmer and ANTPs

( al 1991.. Dete [
g }}?ynerasﬂégggiél Cubaélgpl S, shrgn, @ “ﬁﬁ |H o5 gas?h§‘A§) )_ and
exorﬁlcleﬁyeon uCheasie: adyiiés taye Bdat ThREiDAE, aHY M dyEleprilFP process
pol ynerase. Proc Natl Acad Sci . 88: 7276-80 as wel |

usesa (hgpmesiabl @R@lm@rfﬁse to pdd ARG PHETCHuergsgeniterminators to a primer

oEOREIB B e A e PEILES) e

idemtified pg thduzmcmasedl FP 26Dikpresérit cie alhelé(sﬂ Ibrysdnnﬁﬂlthﬁ@hgtrﬁﬂDNA
her ei n, by re rence, Genetic Bit ysis (GBA(t
'Rﬁ? h T Ag ’HE‘dPWC%d@P%tACY‘F*OP@t ’a? nor@emu%ﬁothenmtable
S ™
i, Ry By v

Rlé@l el (ILAMRPLatmersantD;g éhe aiosslblzoalkleﬂfm tMJtSaNP (ﬁ’therest

K,
Akl ernRiRF Eanp RucientidR o e AepolpRicat hdive, il iy of
DNW golysesiases., Sailafitkotd’ gycdmeox&m&dtmeeﬁ’ttﬂpﬁosgﬁaeé YiRd &%ﬁc

wi t hout ol i gonucl eoti de probes. CGenone Res
anglegso Gynctior sTchain femmeingtexst | The amalog i incogpoated mctheu PNA

polgleie TRa bl spteite mydfp B B 65 3 PR M Py Ehpifopna since

theed llsaio |3 -Réxyl Hisameblerto dm?ﬁcluonﬁu kher cﬁﬁnlaaloﬂgﬁtloﬂ 61t has been
tj pl ex equenci n rci.o et al,,
foule b8t garaPloBPl Ba. 1Mghery tinis pdh specifiif dr erbtatized

Hi T s e
i el et g 5

dldmmmslmldezm@mmay (Sauer S, and QGut IG 2003. Rapi d

n?éved‘ ??’%gg&% | ;I’gl&ahfg@l&ée? 531;7628) 12%%3(5 oasé(au nce specific

olighIRERBAQIFIBES &&d urllSbeldd Al aéafazﬁﬁ;l BI AEBVat8 pARaHP Aine-
AP (Toni sson N, et al. elc 0. din. Chem Pab. e

cowte igongeleqtides axg @q‘@éﬁﬂﬂ&?ﬁ@ﬂhﬁd&q carhoxyhated nylo@nidsshranes.

Aot ficion Wi rosbH B S ol o Mt ilmel 8 g prove

canWeatsei} ﬁbmgélﬁgdnetr%@ﬁaﬁmat k che(dT@siloﬁ Bk tHeaduplexatybrid with
2002. Biotechniques. 32; 1072-8), fluorescence

a fﬁ%&rlaﬁl% SREYERE- ( I%IEPW SROfs gF linep @t visppligedceniprmeticaliy after
R BB 04, He 01 BBHEHTnLRBAUER Bl e i

. foliastet . byﬂda{élopﬁmnt ukiBA. te@ainetBABErzIJine Sad hgdoges peattide Ar via

spari ni Med.. Screen

chel P arIcalea 4155 inpiation Wb avidi P ikalins ohqephitasempiERle and a

e I n S
G sl BRSSP AR pu AP LB R by

expolaietesagefibni ¢ studi es by
It will be appreciated that advances in the field of SNP detection have provided
additional accurate, easy, and inexpensive large-scale SNP genotyping techniques,

such as dynamic allele-specific hybridization (DASH, HoWell, W.M. et al., 1999,
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hi gh-t hroughput nutati on detection and genotypi ng
technologies. Cin Chem 47: 164-22 72), coded
wor@sospkeres (Rao KV et al., 2003. Nucl ei ¢ AcPUBIIRE&1/000933
31: e66) and MassArray (Leushner J, Chiu NH 2000. Mol
Diagn. 5: 341-80). According to preferred enbodi nent s

Dy i o s e pion rfa%%rﬁ RO, 818 ghicroplate
maz;zlta@gehﬂoge@eyechaﬁmeﬁé WADGE, Da 2 LN. et al., 1995. High-throughput

/' wawv. ncbi . nl m ni h. gov/ SN As 1S nenti
gen@trmme alstngehorirantad pohjabeythniide gels art/ltld atedls |aniangedhfor microplate

R 67 4RGB! S0, BBAFRRRL 18 B

TagdEmCsystero(Helland Chiv agdalP @9 achitéttion of spectfd\pdiginbisd ¥hain
which is | ower than predlcted (l'i kely due to genotype

reggiipn d}re%éévy vidizieg the Shed ceraucleasekactiyity esxfe'rhqymgs aquaticus

act mer t
DI Slfinlerate o T AR5tk Lo o 727 BE 55 Wil yeriops DNA
"clBﬁNtechﬁolbgﬁs ea@aag tHeeSe@t hip I@rﬂén@@bf?’s &. OAffyﬁréﬁisd SRPEships)
protects. circulation AChE from oxi dative stres

wiiefo e iciosed VIS Pat dPDbAP- A0 aRB A iPsBHs £1 H200T which is
fully Ahlorpdtile8! Hereid B! Irefér{.}fékr %hi&g g fﬂg@%{slﬁs‘n gﬁgé@? Rvhich is

serves to protect |rcu t1ion
degerbed By GuedeteRgeiral ofPCI App AGRES2/1585 12y pbptiderriveletc acid (PNA,

RefoB Hrlo 20dc Bl AridRen obF 12 it 1askT ngPlic apids L,

Latdﬁ/aelﬁt &1al.P2S03) HRine Mﬁﬁ@tZZd V%B?ﬁﬂoﬁeél‘mcﬂgcdlfr k6t (]?ﬂ)ravaya

conbi ned testing (of AChE PON and opti onal

K, B@I@E) 2007 Glin 6h¢m|1eabl Med. 4fi: ar’gaaéo,smmam]godyeeneuw S. and
igiGh BT St b afRAC S Peciehiahay sFofan b cRes.

9:1298 $19:9f9)]emmpmhextsr(samla'sc;4 ev/all,izen1. Nﬁ@eluseél&ld RE$ 29: E96),
and. accuracy. of such conbi ned testing i s clearl

AlghanseiepdBepidet ke ot ahoﬁwgnm Be® 7004, hHAEiG00nh; SNPstream (Bell
PA\KHt gaat, Z@@)f Eﬁ?&chﬁ’rﬁﬁ%se ngf e% Bubhi4a ?I-egofgl#xﬁ{plegrt ﬁm%seqfuencmg

epends upo activi
(Cerciy Masetafl BOD2. Ebctrhphdrdfsi£ %Cﬂﬂ@?ﬂﬁh Smabeiotg®arner D, et al.,

2005 3 gttt 631258 5t Mee ﬁ@?@é@é@%ﬁﬁt al, 2001. Drug
Méth lﬁ%}%@t 29 | 15201 E@mbez?ss ﬁ&gg%dﬁl 18003t apid

present inventors also correlate
Coaumniny iMgsseSipecaoni. dii: 126/72), Mieoeiray tlikide@bheing (la)jedubd U, et

o 5 B DB P B RSk T, Plgon
N, ditsqd), @ped. GlinheabhhY abndied @Q?'IéS-@@), Microarray primer extension
(O'Meara D, et al., 2002. Nucleic Acids Res. 30: €75), Tag arrays (Fan JB, et al., 2000.
Genome Res. 10: 853-60), Template-directed incorporation (TDI) (Akula N, et al.,
2002. Biotechniques. 32: 1072-8), fluorescence polarization (Hsu TM, et al., 2001.
Biotechniques. 31: 560, 562, 564-8), Colorimetric oligonucleotide ligation assay
(OLA, Nickerson DA, et al, 1990. Proc. Natl. Acad. Sci. USA. 87: 8923-7),
Sequence-coded OLA (Gasparini P, et al., 1999. J. Med. Screen. 6: 67-9), Microarray

ligation, Ligase chain reaction, Padlock probes, Rolling circle amplification, Invader
assay (reviewed in Shi MM. 2001. Enabling large-scale pharmacogenetic studies by
high-throughput mutation detection and genotyping technologies. Clin Chem. 47: 164-
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Thus, according to another aspect of the present
invention there is provided yet another nethod of

W@e®sem3i7ey state or trait anxiety in a subjectPCIg004/000933
method is effected by determning in a biol ogical

sanpl e of an individual ein ession and/or activity

levels of at least o chol i terase . ( ; .
2)p F@&%f HB‘FIVSI;Q&&SMO#SIH gsf rg@‘ (eli\@}%f %lgg pl){aefg RN R
MabdANy) guagrﬁeppohﬁl Rid, P00 vk B4580RN and/ or

activity levels of the at |east one choli n%sé}{lgr ano(li

t heApenrding 6o peserrasl anendignts Bf HiePresgat IBREN T gﬁ?& used by

descr.i bed rein. Such t O KB n Wi
the PRt Pl RER el sEHERAIGR, IR Mo ICEREPALE I hloey
Inf@m\la@id oﬁghttﬁaﬂ@elgw.ﬂétﬁ.ﬁﬁﬁjn?egbvf/SNPbealthy or di seased

i ndi vi dual s, of a specific group, e e r. BM,

et hA#B dp tentioned hejemapovq god 4g _%3 & %?%g%gﬁ%hﬁl %b‘?’éaé‘i‘l’les
secfipn E\gﬁ%ﬂ f&éow@ L B%séﬂ’ﬁh@éxﬂor@ haREISvREeE diverN 3@4el traits which

urther “description of this ratio is provided
car assbddigted wathyUhEsaslRO®Nactiviki:ch fol |l ows, and illustrated

in Eigur [t .will.Dbe. recjiate L

quat® i i BoX arivgw &hrf?'( R E‘B%P%Ei%ad Qikspdgp to genolype
diffr IR TEAL LI cRG dd sk Yo evddSsta@ankietyt aci | i t at ed usi ng

one of several known approaches. The above escrek%ed .

explidssi S i dttbvityawbiich sy lovess ethan paprigied Jetlesisslrygtegy trait

al{el e, typing and correlation of a specific allele
anglehald or ession /activity levels. Since a correlation

bet yggn PON! @ tiwpeapaitibsexpre paicmaohaeebs pervxifdase, protects
established, mere typing of

| el
cirgvlaten AGHE | 1B S, Fiartsortheidiors pIREGE) ROBY maygfurther
coflihifo ol AR, GBkic MaiRugeul ar anal ysis of test

sanples ca e used to deternine the above
descin iklitioraHAIE Mirves ouzorpprivadtion AChE hyaating fg a general

nMRNA or. pr.otein levels i.n a biol qgi I
SCHeBETH %@ét‘ﬁfgtb%' A3 SPHke t’é’?‘f’,as%§ {&gdééﬁh’eé aB%‘rl gac evggmd be
ye@ﬁlgrglgﬁgglg.y adapt abl e for high throughput autonmatic

screeni ng. Exanpl es of suitable approaches are . .
pr o\Based! obethese. Obssrations 1BE AMCHARISMSRIT Prsidates fipb fliagnosis

i.nvol ves the detectian.of i N1 1Iv BChE) and
w anSu ec&#%ﬁ&&bwﬁﬁ%&%ﬁd e s glg?z{\tluredf)tgti/Iﬁ y _ ) an
mtﬂaﬁ%ulﬁﬁﬂﬁg%dsﬁk Wﬁichg@ﬂfb d_elz(tésbAChE‘ ardgﬁwlemﬁ/éi)' drhexpression can
prevents. rogen bondi ng between se.pairs SUri
yield anorg r¢liap rﬂgwcmﬁwé @priEy IRRRRcte tﬁ‘m %ﬁ%& fests ‘?ef%étﬁ?f othese
acglglgifegr mati on. The individual RNA nol ecul es are then
ebar'at ed according to size by gel electrophoresis and
t r anBfectisefitindse aad atduracyedfl sukcl sembined tespingris plgadyl supported by
nmenmbrane to which the denatured RNAs adhere.. Th .
oGBS ated e BB LA DERFBIPLE PP Ol sis which

eﬁgﬂ bgndn? A UsivIRs 'S drSRbRP&S yRes QB ZVEIE a$ klitkBeraction
d uc(?seggdlndgig‘.&gDet ect?:(S)n may be usi ngygttzor adi ogr aphy,
therebetieamt ri ¢ reacti on or chem | um nescence. This

nmet hod al.l o bot h quantjt.ati of .an a .

e b e adelih Gl AP T s bn i pow
altBBP b b¥prP¥ich T €l ative position on the nmenbrane which

I's Tndicative of a mgration

As is illustrated in the Examples section which follows, the present inventors
also correlated ChE/PON activity/expression levels (herein ChE/PON ratio) and
uncovered that individuals predisposed to, or having anxiety display ChE/PON ratios
which differ from those displayed by healthy individuals.
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di stance in the gel during el ectrophoresis. RT-PCR
anal ysis: This nmethod uses PCR anplification of
w0 edoasizes y rare RNAs nol ecul es. First, RNA noP€rul2064/000933
are purified fromthe cells and converted into
conpl ementary DNA (cDNA) usihng a reverse transcriptase

enz (such. as an V- RT) .and priners such as, oligo

o A eristdnenaerasgen.t et Kyenr Gersrharighd vet
anGREY HiEMOd BEAReRRRGHA L 6r R4t MBicy 38 sdf&tDNA pol yner ase,

a PCR anplification reaction iS carried out in a PCR

mac Aiha anetipb isectiseted iyl determining én abiolagical sappls of asf individual
[ . a nce of .1h en ciflc
exELE} Mgk P RPN SR, o e AP TGRS ko
Accgighelinésterase, (ACHBRranaf pargctddasa@MBONIS, lahd ejoriiting Bét&een
sui tabl e for detect] n% specific RNA nolecules. It wll
EXPFESSIFHRUHPIACHYILY Iexels o1 Shaat leashang ehalingsterase drthe paraoxonase
i . . i .in
o BERY SR LA EXBAIRI LTS0S TR Gholapued
witbnopredetormhined thredRhAl (arsingle walhy br prbiferably arvahteadange) lppedefined

this. method J . obes.are attached to the RNA |
for oalg s S5 vidhals & aboeiic iGN y B B} fdmicity,
racdl 8tchi 1§t thbiel P dihghodd GhOSHBRLE o8| Adfify,! RaRhESRKIERy (dfCbeing

cellular structure and to prevent the RNA nol ecul'es
prefdispasdse thetetole gruather] desediptine rof this wtibj e qureviided in the examples

hybri.di.zati on buf.fer nt al.ni.ng the | abel ed probe. The
selB IS RS, S SR H B agent o such as
f or MewiltlBe apptesiatetl ShdtQuentificifidh WNCHE GréfdRbBNACABY ahd PON

citrate) which enabl e specific hybridization of the
exXpIRERiQN oAQHVY kels cop byfacH ated tging ene iyeuetebkrain approaches.

sit il i.ali -~ i £ i-ndi . _nprob .
hodB ot ARLBLACARRIGPSELL! SR, B OBipincd by
alltlbeypigd andlecaradation of arsgedifio allelé dth, ey@eamign @:]dwvlﬂy ll(ev)els. Since
concentration of salts and formanm de and the |like) to
a %Oﬁfé”g‘?tﬂ“cg‘ﬁfvﬁﬂbé{l%‘ﬁotyl’%ﬁp SFPIERYIONS b Fasup stablished, mere
typhiDbf i ARYd %ﬁ’befiﬁ)isl%ﬁ B ‘%X]r?[e;& bISac‘ﬁ@ﬁg Efs'eﬁfoff CREIPEN.

slide is subjected to elthe phot ogr a c enul sion

whi Boghemdel sors imphesular ganadysist off tagi smynpledlican | dbelbedused to
robes, or, to cal ari metyic reaction which reveals

deiBiriis e ghons; Sscipedlity, USpHES Pmeaches GEmea g BBNA or

prdiéindévels Mla BoRefdafsdnpld Bhch #EB106EH aleknd®RGH itReAHt, iMost of these
Nuovo GJ, et al. [Intracellular |ocalization of

apprenches areswaditn pdapiablecfor dvighy bomyshanprutemaliic srseening. | Examples
r ; 3, 17: 683-90] and
of %c%gﬁﬂ&en@ﬂd]aﬁ?&eat% Eﬁ%&[}#g\yg%%gt ion of nethods for
heporitieen Blyi thalysiet Thisi ethod idvalidsvihe detectibn of a particular
bi opsi es. Conpari son of histol ogy, .
RN %H?ﬁ%lff‘o%fgwﬁé' t A RINA sgmple isydspatyreddy tegatment weithsan agent

(o5 LRI e PR O B bBndi2 oy R} e elfng tha
all 16 RNZS mol&nilasfHaye ah hmfdtded?tReacaniforammtion. [IefindivkilaDRNA
or porating | abellggpnucl eotides to

i d I by i
mf{lf'f?)éf%égse ﬁl@ﬁéﬁa&%ﬁgﬂc aqcarding,iorsizsby; gel elepirophorests and;tragsferred to

a nitrocellulose or a nylon-based membrane to which the denatured RNAs adhere.

The membrane is then exposed to labeled DNA probes. Probes may be labeled using
radio-isotopes or enzyme linked nucleotides. Detection may be using
autoradiography, colorimetric reaction or chemiluminescence. This method allows

both quantitation of an amount of particular RNA molecules and determination of its
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a specific in situ RT-PCR apparatus such as the

| aser-capture mcrodi ssection PixCell I LCM system
wa@e@sloadyBe from Arcturus Engi neering (Munt ai NRCEW,2004/000933

CA). Although cell profiling nmethods which anal yze the

genome or transcriptone arﬁ preferred for their

accur acy and hi h t hr qu cap iti.e
identity bych &leldve Potiqhen ﬁ‘ilf‘gggfmtbf ‘éfﬁtG ilﬁaté‘f %}F b 'migfation
d1sth&§de|ﬂﬁ %mwgeleaﬁjpyl&élst ools for profiling the cells

['tures ression and/or activity |evel  of
pr OREH(QI aanabisis: d@u@ madthed) usesi RGRaanphficatica pletelaiely rare

o R TR TG G T ORTRL B et o

con(lﬁelﬁentmfyl m C(@DNSA)OﬁSIﬁ%FH ¢ veistaaensdsiptst u:hzymé (such as an
containing a protein substrate to.a surface such as

MWeWRBf rorimest jsueh 351 oligo GlsTARdPm, hexagasiofj gene specific
(0] n
e

amplifesatioe rexction mm}nemelm intaalP@R thachénec oTloose fiskills in the art are
reaction e 0 enz led to.th t

capibis Pl ES S BN IGPEL A HETER Of FLB4E CRESAL Ramiand he PCR

conlaﬁ 0?1? r(‘i"? %Bn@a?ﬁ@’%ﬂ@&%afi‘ékd bR} iof eyl TRb &héiﬁl&e) hthich are

Ibrated-and within the |inear range o
sumahkepﬁm slefecting spenific RNA reelpatesat & Wﬂbb@ rappteﬁlatqéethat a semi-

| to th
oS oSBT o PRI bl Yt o PR
cyciéa ahHEbﬁx}S@rﬁ%’@i@%hIpﬁﬁbM%n%ﬁ@dﬁoﬂ@Mmdﬁ&S&mldol ot Th| s

i nvol ves separation of a substrate fro rb
pr oRé/TAn inyyituchybsidisntion steps I g angfhed M&&ﬁeﬁ]@ypm es are
a t {
attagﬁ cg%?_\f % engcgﬁ%{fggﬁirés?&gmstﬁg Qe NEEARAL hekells T f‘ﬁ@t fixed

strate 1s then detect
to Biic@pddpiodiids speedstive tlhe dellalas uitsictuae end vioi p1l¢verrtethp nRNA

i Bl e LI SR LS i
corﬁﬁlgﬁlrgl d t1a9§g& obﬁ%@%n@iiﬁﬁbﬁ] Q)uﬁ%ﬁgﬁdlﬁ&esnﬂéﬁg&% such as

enzyme | 1'nked as descri bed
forhmnndmahbsrcﬂts (Bet, esodmnnchimyddamdawdalunmi@ﬁiﬁ)o‘ghl&b lgpable specific

orj metr cti heml m.n T
I%WHaHfI tbe\gjlﬁ% % egt ﬁbq;r &z grmun ﬁ#ﬁ%cules in situ
whﬁe R$&i Rl @%eéﬁ%%[ﬂuﬁ%bf Fobef Those dfdilsiih Yhdott are capable of
relative position on e nmenbrane which is |nd|ca£|ve

adjustmg fhieghyhridization sroadisions i.4-h EemRerafieniCARCHALQN, P @ts and

TSR0 SRR P U, b e i
anyd aabsud Robd & Was(lied off afidthesslidstis atitgpcted tdeishes pqdldographlc

anti body and radi ol abel ed anti body bi ndj rot
cmplsiap, , Witlot VPR, FEILI GPGREH PEE) ra%%@?leﬁzew 6 onoéo @

col% Gl %@a%l i6n GALER %veﬁiécﬂgﬂag d%gﬁtf ?t%g yelidkea gk eled

coun e precipit 'S proport| onal
prdbesthe anmount of substrate. h an alternate verS| on of

! heI’I;Q ! étu é}{}‘ %C% es(t:,‘lauszublslfl arglgthg&] dis a(ri]eslér%ch in 1€Iuovo GJ, et al.
[Intracellular localization of polymerase chain reaction (PCR)-amplified hepatitis C
¢DNA. Am J Surg Pathol. 1993, 17: 683-90] and Komminoth P, et al. [Evaluation of

methods for hepatitis C virus detection in archival liver biopsies. Comparison of

histology, immunohistochemistry, in situ hybridization, reverse (ranscriptase

polymerase chain reaction (RT-PCR) and in situ RT-PCR. Pathol Res Pract. 1994,
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anti body binding protein are enployed. A sanple
contai ni ng an unknown anount of substrate is added in
wQ a0ogiosgysanount s. The decrease in precipitat edPCDURZIEH000933
fromthe | abel ed substrate is proportional to the
anount of substrate in thezégdded sanpl e. Fl uorescence
activated ce]Jl. sorti A .. Thi s t hod i nvol wes
1905 08Eio0n Srckive dus (PR fedelio TorPRETEd b daists FolebY
inccﬁ‘?@rﬁf!iﬁ% fbakRlE nhadbisdes tJ e FPsdat@ée FiReehdtion i864rtibd oh @sing
are linhked to fluorophores. Detection is by neans of a
a speeific i oitt RAP R epparetuppichias thalagertaaptufumpitredigiention PixCell T

ight emtted.fro ach.ce ' t ugh a
LOV ptermatiid el e RBEE g i Mo BEER A SRR
ant Afsligh Scelli profiliag eeidsddy - whitinanallies thecgemoineadr transcriptome
anal ysi s: This nethod_invol ves det ecai)l on of .
are praferTedafos their agcwigey ang high dhroaghnut GypabilKicsy syl bp agpreriated
i o i L . 1
tha it R hvert 5 S G IR LA (0OR TP oM A cells
of thy culiueésoscopy and subj ective or automatic eval uati on.

AT MR RN R - I -
me@B?{&&hﬁﬁﬁfbélm.t i unohi st ochemistry is often
ol 1 owed by

counterstaining of thercell nuclei using
f or Ergyareplinkedénuninosbibent essayd BIESA)sThis method igyelyes fixation

actiyi assay: JAccording to this. gt . :
of HaAD I el i Pe e anagsg BT chinidh o protein substate
to £QH3k Bhdhasawal b ¥ SniBRTIDIAE dAtdabsteie ypeeificamabydesualed
reaction in which the substrate is deconposed t{) hod
to qmlrwmme inapmied g eHpwepioduné fo Gie shbitiatayFrasqnpgpt thg angbody
. uo n tra. :
s BUZEEEE I FRETAATSy, | SIS, tbtamte e Bayoe
coujﬁiﬂlsw Qlfil_bhiaﬁtiﬁch{ _o:&izpmas' xbomneondy terapdayed for tiis tohethod include
cells. e.activi an be npeasur in a.. -
st s e i e wgpwgfi@af-oi?wgﬁ;ﬁ%m i i
i ' ge i
B e e propoton
to tle smatedofi nolar podducedn A cubstiatt sgndard uis sgengrally sameployed to

. colorinmetrjc rea%ents. The resulting stained band
Imprgye g'é%g'f?(ﬁ’é'etaﬁcqr & enzymatic activity of the protein

of WWdsF£Blot: | Thivehbihbd! ihisloése depaRddioni bhiansubiseate i faerar other
range of response, the anpunt of enzynme present in the

proseinyiiye niegng ob por adryamidet gelt flollowae iyt trgisfar plothe substrate to a
roduced. An, enz andard I.s eral
e B AV &Y PP c oot "o R e SO el by
anfibtdies apetitic o tha glibstiate, Gitieti Bedinvivan idbectel ByP@libody binding
determ nation_descri bed above, offers several .
reagenfant AgtiBodsy binding eagenls NOAE b5y TpQEAIPle, protein A, or other
[&SS] ipYidy €or eAfiffked
aniREE MO8} it TERELEIRATHE AGABLRSC0r SuuicTifed as
degcgibyd hemabineo | Ditectivnmay ise bysutomtitvgrapby, ¢oherimetric reaction or

rel atjonship therebet n, ratio-determ ped di agngQsi
Ch%’é’é“‘%f“ﬁ%“g egﬂistlﬁitgo‘fe Bl beh AR ARY it b gt SuBirate
am:i}'vI Q{eﬁ%ﬁﬁﬁbﬁ df el?seﬁﬁhﬁtgftﬁy %tlgﬁﬁ% Poditibh Uh e meMYIAE which is

respect to age oOr ‘gender ] )
indicative of a migration distance in the acrylamide gel during electrophoresis.

Radio-immunoassay (RIA): In one version, this method involves precipitation
of the desired protein (i.e., the substrate) with a specific antibody and radiolabeled

antibody binding protein (e.g., protein A labeled with I'®) immobilized on a
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but rather generation of a single threshold for each

tested group. For exanple, groups of simlar ethnic
whawkgsend, age, gender or BM can be used toPQgEN0GM@®0933

a threshold ratio which can be used to determ ne

di agnosi s of individuals bel,gnging to a specific

rou It will be apprecjated.that an f the. reagents
Hsplg e P db dworebgas. ABREUBPCpeR RS i Pidrepiated
pellet ¥ Sropéitiofidnio bR RAsUMELshbstAte. @ kit which can be

used for state or trait anxi ety diagnosis. Additional

obj et gn alternate Jgesion o theRIA, ¥ dabeledespbstrate randpam sinkebelled
SRRt A5 TR RBR0" A Oy ARGy o o

sebstmatel ie addethincvarging antduntsnt Tinddetréade e plecipithiedGounts from the
Addi.t i onal I%, each of the varioys enbodi nents and
1%)&%8&?‘%8“6%6 REPDOFticnzhio the grIRHRtH substigts ip fasaddgd sample.
her eiraheNendd fedsidd @éll'@#tih% ( Fﬂ@'S?:l ’F‘ﬁig‘ine?ﬁ&f {r981vBE u@Wetion
finds experinmental support 1'h the Tollow ng exanples.
OEXANPILES Refitr mncadlsiby subsirate dpecific attibofligs] dbiersybstrate specific

SR il OB hOBRRSR. Ml B RErs b binachine
whidhVehds the RalyIERSRbF $iFht éditded Srof Eich-RBPM iR HEough a light

genes are predictors of trait anxiety The
beagy.c Rhis aefiteed may, empleyriva osmosnxitiodies Riamuliageously.
exper] . ind vi |S. af. rt.aj i at.e
ant Sl pen ool iR s Bl Bl Quds WieckBh ) Epypotace
irawiwi mtfyxeftoeHs by substrate)specifio antibodlidsi Jhiksubdifate Pecifiefantibodies
chal i nergi c ,re%ul ation in_both of these neasures,

maybe engyieglinked o kpkedstosfluoraphares: y Defrgtion a5 Py apigroseqpy and

L vi dual o
T o P Sy o CAF chiphi Bikdf alifalet Trg @ifibYed. o
calodmEiar ciseti®y: Tdy 2d¢ 10QE}ed28 Adt pavill dfe t hppretimey that
.quest.i.onnai r.e neasures. of state and trait. anxiety were
inipohidaceisnl faien TEROYRLDY ompaTianing of ghgelpucles ysing for
ekaahlY HHALckyliAO8r GRMsadfd. woren) from 150

two-generation fanmlies of African-American (172), or

CaucHsistm astivigl assppsdyceiding todhis| methodiaa shigerogenic substrate is

e Wa, repared from permnent .

e P Pl e BRIt b8 R Bliles a reaction
ipivivh| the blitstaleol Meeorhperet it® Prodobida \Wafonitigdhi¢ 8 68dice Wisible by a
times against 10 MM Tris | nM EDTA (pH 8.0) buffer (6
light oga flyoyescept anigkoseanst - pr eci pi t at ed. Genot ypi ng

i nvo : £ 1.Catd ' .
rogi gt Eas B ARAAE enddiine BN R A i ayme
nfeaguradiach proteing arigtee getaceldeedm dpheolies iTheawtlvibxcan be measured

in a spectrophotometer well using colorimetric methods or can be measured in a non-

denaturing acrylamide gel (i.e., activity gel). Following electrophoresis the gel is
soaked in a solution containing a substrate and colorimetric reagents. The resulting
stained band corresponds to the enzymatic activity of the protein of interest. If well
calibrated and within the linear range of response, the amount of enzyme present in the
sample is proportional to the amount of color produced. An enzyme standard is

generally employed to improve quantitative accuracy.
It will be appreciated that anxiety diagnosis obtained via the ChE/PON ratio

determination described above, offers several advantages over discrete AChE or PON
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Sap enzymatic purification (USB, C evel and, OH) of the
PCR product. Standard automated sequencing utilized
wo bh@sB33JBYe Term nator cycl e sequenci ng chem sPCYIL28@/000933
3700 DNA Anal yzer and Data col |l ection and Sequence
Anal ysis software (Applied l§| osystens, Foster City,
The, reactions enpl oye are detai I ed under Tabl e

eXBreSWa@%WNQJﬁdnmqumm BHRdeS ingeddny coptrel samples.

t g 111D r
SR Raa SAEHERL G ARPR PO hERbER bR BB ot helaiBusnip
thé%elbdtweém mtiscRtanhdd diagiasis rdoamdotpmcésslta:tabbmpaﬂdoa with control
sagnp Psho reactl on was per f or nmed u5| e PONI probes

zation €§§‘(§1 respgc]'t tp gge or gender
bu5 Wé}" g%ﬁéi-at@ont & Eﬁ%&%elﬂ@f&%%@%%&gw For%xaxﬁ?ﬁQgroups

14) for R Fol |l ow ng extensi on and ca

of |snn@mqthmc phckspsuad aage, gemiet neBMI(oanéxeslsadﬁGBgmmt@mﬂssshold
ralfd, SRl Sy eRRIsTRTY bero ki RARAHES Be MBS BrbOBAE I RPecific

gr&iqﬂescan software. The studied popul ation i ncI uded 150
gener ation famlies. To reduce the effect of
non

mall heeappyegiated |tha amyaef mxea&n&% @a@éb?ﬂahawiertabpvq){e-g.,

. 0 i ndi b
AGHR B PN Pekficighy BEPRRRD o ek indd 30t BEIHAEH pe ised
fosstlte ec trait mitibtyalidgnasis. anxi ety score in the upper and

| ower 20% or 50% groups were cal cul ated using the

Li keli hood Ratio Test. The P value was the exact

CondA ddiGdial olg:i@ét!; d&%&lﬁﬁgsl éﬁdyncgz'el’ﬁﬁuﬁ&eof R g‘eﬁ%’i‘ﬂt uﬁi%nﬂ\ﬁ?wﬂl

assessed by Vonte Carlo sinulation P val ues
begene ppparedit {q em@rdmnbeskzn}é@hmma;t uB@h exaandatRONT the followmg

oYl LhER were. ¢ ul d Jed Stu
oxfpled, Whigh o Bt APt S e, AdtlinBhyoranill g various
entbodin&itd 6@l agpelsVisErtBe (pisak@in®ént®n. as dPmEatdd hereinabove and as
Comput at i onal and Graphical Statistics 5:299-314,
clajmod) inothe glaigs; Jection ibslove dnds axperamentahpunpertng theefatlowing
e"H”E ary tree (Breiman et ah, Cassification and
ressi on Trees, \iar dswor t h (London, UK) 1984,
Ri pley, Pattern Recogniti on and Neural NetworKks,
Chapter 7, Canbridge Un| verS| tﬁ Press, 1996), which
atterrptsto build a nodE Snlngthe relation
e
A %%Sré%?n“é%?‘”%%ﬁaﬁfp%e‘*{“?%‘e RORE, w8 shove
descriptigos: nlbustrete thgimstntimsintaman laiting fashivawer ed by yes or
no and a set of fitted response val ues. Dependi ng on
the answer to a question, the tree leads to a second
"~ question or to a fittedEKd3fltkd val ue. The tree

Bt e ALY GRD B R geres g mieishrs of i

subsets based on age, gengggegnd the different enzyne

activities. Classification trees were "grown" such
t hatThgtpsychelpgical phenomenon of anxiety that is experienced by individuals at

D

e

:-U

“a certain time (state anxiety) differs from their general susceptibility to anxiety (trait

anxiety). To investigate the role of cholinergic regulation in both of these measures,
DNA, sera, and data on .the state anxiety and trait anxiety measures from 451
individuals from the HERITAGE Family Study (Bouchard et al., Medicine and
Science in Sports and Exercise 27:721-29, 1995).
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step the resulting subsets were the nost honbgeneous

Wth respect to the nenbership in the top 20% state
W@roos®e83y78gyr oup. The tree was then "pruned” to BCTUR0&Y000933

of subsets, or "nodes", which is determ ned by

m nimzing the msclassification error by a 20-fold

cross-validation. The proces® is automatic after .

Aepatof ha stidy ghestioghaiveameaswuees 08 Blatesanddrait anKichn weyesobiained on

Mean STAI . 351 . 20 i
LRI a5 2 JoREAF A AFaRR 13bs gk, p53 ppspy, fom
MBltWoszeneativh fhthilies F ARREE Aredtvah 47Dy odtCaticasiadobigid (289)

for far smaller groups with di sease-associ ated anxiety
wiflhperaplgte datackera campgredy . Pyschophar nacol ogy

162: 391- 2; ' ' L 36514%0id2098: usi
o el YRl oy Gt SEp DR v
[6@Rase Rotndrphiendl/chimofvim extnetisnatRNAfvwas didlyzedi fondémey against

r ught _jn. .t cus. e e de man ACHE
ProRens Tt dnel OHFO Bk GRuabdest B8 dhritpsmigtaed.
&t g {dF6Rkd PERISRSNfiGAGOR of BRAPRLPCRARESzeAl re%ions, using Taq
expression to stress. Israeli subjects frequently
mdymeraset (Sigrg Stelouis, MOJ doléavesibt #garose gabelsctrophoresis and Exo-

onstitut.ive .over-e sst on, of, 0 S [ ate
o0 eyt P KO 1 QBB BEPRY PR 8E)E, Pandard
duledthatbd Iseqieasial - utBizd® (e BlgDROTOminkioyveyde seqiendld§ chemistry,
found that this deletion is exceedingly infrequent_ in
ARE 108, DN Anelyesh 0. Baiy, oallcction gl $eavence; Aagliiitc goftware

Bl 50l TR €1, TR DB e

Tabde Blsed i nstead. This marker occurred at an 11.3%

frequency_in.th | TAGE subj ects. (Bartels et al. .

o i oL raf TR eoran Gt in-P OIS jrerfiesedied using the
iS58 AEIRoNES pihbL BEBEL b nled d"BNAPSIRR RINATIPAREY MREension kit,
contributing to bal anced ACh regul ation: the

ABDHE- Fellawing BCR mmyplifi¢apion napde puydigation the SNaPshot reaction was

ook St B R By arepy At AT TR ERA ARG sme
IPONIQ:ang) tthe SRON 4aAnS)-GATOACTAT TTITCTFGACCECTAOTTHC -3
cholinergi c neurotransni ssion from environnent al

SEA M2 A¥ds 19 foret928)/R. Tipllavdng extengion apd galf intgstinpgupsphatase
k O h . . .
t;{%éﬁg?ts mﬂc%gﬁllgﬁl n %(li:(%g}og Plgé(’ié g %# rﬁgR {) hgé@dggé 2 :Hll% ta&)gcglu% were

déardphsiet®l ah £ B70@rABk s@alyee dind - the §€éultswiriabjlzed with Genescan

contributes to 22. 4% of the variation in PON
%*%ﬂ‘f"’é"ssi on, possibly by eliminating a potential SPI

tran aley! | M e ' ._al
o S FLUBA PG00 BAMEIOLDI S-SR Bued) To et

effinot rof enesbsemved nayiatiles $hab f inflhéree vihe i patdnmater( oBindpiest @tfamily
al,.,Am. J. Hum GCenet.

, 8: 1428- 36 00 nd -126¢C/ G
TRAPRASHERS Miicagsp wAd neclafeds ﬁoﬁglwéﬁ\ﬁorefﬁ%ﬁ s Bodfoen e
%egﬁéfgés tt thdksubjedWith Batait MRsbty Sbrdinlthe ﬁg%er%ﬁg Power!20% or 50%

he "PONI codi ng region, the follow ng substitutions
gwonps wereotajgydated using the Likelihood Ratio Test. The P value was the exact
conditional tail probability given the marginal as was assessed by 100,000 Monte
Carlo simulations. P values for the differences between AChE, BChE and PON
activities were calculated using 2-tailed Student’s t-test. Multiple regression analysis
was done using R, statistical software (Ihaka et al., Journal Computational and

Graphical Statistics 5:299-314, 1996).
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(i ndi cated by am no acid nunber and synbol) of L55M
(CTGinto ATG, reducing PON protein and nRNA | evel s

w@ Smsioss7eg al, J. Cin. Invest. 99:62-66, 1997PCHNCGR004/000933
QL92R (CAA into CGA), which affects PO sTs catalytic
efficiency (Davies et al, Nat. Genet. 14: 334-36,
1996) . The follow ng BCHE rﬁfft.ati ons_were genot yped:
t he Urpdicatipatiracst wern giowindiisiag tthe R Jibjagy clage: (%@mzan et al.,

Al REATTEL Sy Ao ESRFLPR 088 K,
R0 nidion 3nd 38eurd9ONBiwork) Oizapge U CanbridgesUnivetsity SPress, 1996),
il SHERRL § Bk § s explsingre IRScielaion e tench resmess pd o
prﬁ]if:t% aNeinnoMsdwelt h&ﬁ%ﬁ{fﬁ%&d l}:yzg%l}lear-m@defl.r FHY ﬁg@ Ysolﬁfilt from a

s allele 1n the mly Study was 2. 3%

sequanse &f quédtipnd thae cart baanswezed by (eeocyo afid 6%t ofifidied response

[ .Ehrlich et , Ge ' 2.288-95 1994). .
vali” RogPndiFon i GREl o ORI e e Brd FENt gption o
tod fit& rBPORERAREE The el fimetidh FEGS FasMFareMas used to define a

separating between them whereas the BCHE gene is
sefjernge of bisvry pastitionseofzthenpopulatioroings sithsets bagadepie g, @ender and

i I f PR =t | o 13 29
b QNS oo CNROERR, B Bk, B, o ot e
step thplreydtirighabind weRthd mbsshdmsgehbals wigh fespdot @ 8@ heémbership
. the ACHE, BCHE and PON genes. Significantly different

in {85 JPY 7O % SBELENEPH SRR Fhsulite WiStthen aprInGd ety ajnugiber of
Y § : 1 . i . t ¢ |

oD S T nSARR! it I e L mp N (R B S BMEE epror by

a RO-gbldt erasst vadidaticat, y The qupees il adentatic gfierf sedentivh yofntbe eelevant

supj ect s, het erozygous for the P446 pol ynor phismin
Vaﬂé&’ﬁs f%ily:_%@fysy) and significantly nore subjects
honowigPSTAL SdordshRerPOBL B2 (rRdey IS ®TbS it Ridsly add d35i9 (range

Menbers of 31 the | ower trait anxiety group included

1657 rfof pletenanxjetyrolbessuiafuss tage wathisy iz ygegesrepeiited hpothers, albeit

I [ <9
fof QY S it o v OB E gd R, onhei ggamuce e at,
Pystiesphemtdcoivgly 11621301403, 2004} Sek ehalgh@isd. Jas®: 78 oMe2003; Wolf et
trait anxiety deciles as conpared with the total .
alp dpliling thoré@ﬁmcyb @%ﬂp%o&%é}n Hetentiad genepuiq ¢aarofafes fog this

B0 015 WTRGEORGE 0 BT

in€l0BEs1 08 fnctiGHaC 2lhpddhticcld4 (3pefise3 elcdienb%(GRE), 1 Zupiting a

125(379 . . . .
respon iven@ss of expression to stress. Israeli subjects frequently carry at this region a

deletion that causes constitutive over-expression of blood AChE associated with acute
anti-AChE hypersensitivity (Shapira et al., Hum. Mol. Genet. 9:1273-81, 2000).
However, it was found that this deletion is exceedingly infrequent in the U.S.
population (0.34% vs. 3.64% allele frequency in Israelis). Therefore, a second ACHE
linkage marker, ACHE’s biochemically ineffective P446 polymorphism, was used
instead. This marker occurred at an 11.3% frequency in the HERITAGE subjects
(Bartels et al., Am. J. Hum. Genet. 52:928-36, 1993; FIG. 1).

The research was extended to two more genes and enzymes contributing to
balanced ACh regulation: the AChE-related ACh hydrolyzing enzyme
butyrylcholinesterase, BChE, (and the BCHE gene) and the organophosphate
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) 25 (49% 0.06 tr 12(27% 82(24% 3 (25.5% PQN 126
G C G G43 (969 319(93% 47 (929 . G C 2(4% 20(6%
WaE@BMN3TRC 0 2(1% 0 PON-162 G A G G 9(20% 40PARU2064/000933
(109 G A 12 (27% 114(33% 19 (38% 0.3 A/A 24 (53%
187(55% 26 (52% P L/L 20(43% 162(46% 24 (46% (162

T/A) LIM21 (46% 155(449
hydo )gg@ ( /‘) ( %’Qﬂ %ﬁe? ?ﬁ}agl 5%V£)%’2({‘) in the

A O b Al e .
ToA#611 0D, BBI(DT8Y 196)( 9TWyee7Bmpvat 2K/ Qromotsr pelymorphisms
Gngigaie oy 706 Fikyke it Avleoyides i By el L HE o) were
ex:ﬁh&@él 1 LARATE wisdSdontriitdsoload2.4% Jof sy iation vmfal‘élsd:)fpdessmn,

Because of the popul ati on adm xture of Afro-
posaly D easteting A portigoSIth BASPHRHIO op aF BOGSIE R g6 ol

At%qrpgq?%g%fa ﬁ?@ ?%% gé a%dzdg € 31‘6?@% %QEBJ{ @Gﬁhﬂ%{e_@ td 'i)fﬁllyt 2. 4‘?JjOf this

teste h Afro- Aneri ¢an and
val@itmaCBAph$ ehiECAS. PridamnGenets6ghd28-3@R00d) addrl20E4s which

hagﬁé%& ging OnATON! SrFSee vl (COMAPF 1 AT R YR 54:371-

)gene (p<2xl 6) and Caucasi ans in the BChE gene
( ‘6xl ~6). Thus, al though both the anxiety nmean
t r ailh thadPONG g@}hng ypgoa,n dhcalfblé(b\lémgr shsbintpes wre fgepatyped

%n Igfd;ygant ™ uq,‘cgg ag | gf ééfl(/lr gﬂ’%@gﬁt@ ;?@@? reducing

Pdrtr 3%&%&@&&1{1@&%@1@ @Q@&J%t alD<5X C1in9 Invest0 9066266, 1997) and
00001 for P446, PONL108, PON162 and _PONL

IQQBp(é‘g%A\ng:p WGA), g\rhlcfh afasts ROW s eatalytiggfficiency 5Dav1es et al., Nat.
Gangl}ﬁgﬁ@? 263" Gfle Wildvih %g%gg@gﬁl@okn  dhoBRkl: he D70G
sugsaifct?]u?rg}rg@lldy%dﬂlé h‘atypn:al”yBCBE ofriantswitly Ienz;emdmiq avgjvity 3A% lower
than the wild type enzyme (Neville et al., J. Biol. Chem. 265:20735-38, 1990).
Homozygous carriers of this polymorphism display extreme anxiety following
exposure to anti-AChEs (e.g. Loewenstein-Lichtenstein et al., Nat. Med. 1:1082-85,
1995). The frequency of this allele in the HERITAGE Family Study was 2.3%,
considerably lower than the frequency of 6% found in Israelis (Ehrlich er al.,
Genomics 22:288-95, 1994). The PONI and ACHE genes are both located on the long
arm of chromosome 7, with 5.5 mega bases (Mb) separating between them, whereas
the BCHE gene is located on the long arm of chromosome 3. Therefore, joint effects
of PONI and ACHE but not BCHE polymorphisms, could reflect cis effects. Figure 1
displays the polymorphic sites that were studied in the ACHE, BCHE and PONI
genes.

Significantly different genotype frequencies were found in the analyzed sites
between subjects with a trait but not state anxiety score in the highest and lowest
decile. Members of the high trait anxiety group included significantly more subjects
heterozygous for the P446 polymorphism in ACHE (p<7.2x10”) and significantly

more subjects homozygous for the PON192 polymorphism (p<4x107). Members of
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chosen random y as independent individuals from both
the Afro-Anerican and the Caucasian groups (a total of

waedsiosstss/i dual s). To enl arge the sanpl e size BET/EI2004/000933

these divisions these groups were divided evenly into
subjects wth high or lowjrait anxiety scores. In
this case as well, the PON gene displayed significa
the Hividr dragiroaiety goup @tqhud@rirsegmﬁ%ﬂﬂﬁz élﬁgg éﬂée‘tﬁ%\ﬁ%tg‘é’uzﬁ%%‘s Tor the
.01, | ), p<ORAE 36dpBRtEvel), X¥ BROTESle 1).
POI&%’%"%}ég%Pgﬁtl‘P@r%e}ﬁ%@sf\égwt’ﬁe S e ?}p<0. 0002) < "
but the ACHE pol ynor phi sm appeared | ess significant
(p<0.07) and only i-n Afro-Anericans. Based on these
fi ndi NgS gupfe N eRGR hedyiductos NEHSupd VR theRlghiR fha fest bliGmRHL | 1 €
popul at i aesScompated W ke o@papution. JOIi Nt consi der at.i on of
pol ynor phi sm pairs reveal ed yet nore significant

contributions of P44@enyeh 108 A p<0. 43p) , Po* wi t h
PON192 (p<0.001), as well as for PONI0O8 with PON126

(p<0..007) OACHIRANIZ26 W €@ P@N&%% ) 0¢BY*% o0 the trait
anxi ety scot®! Pable 2§ PAPY rgﬁﬁémqg%}g’t he‘}‘ot21 ,
ACHE- PONI and BCHE | oci thus appeared to be
si gni fi cantzoNafsieai t et @i c 20¢EYi IHABEeIGEN® predictors
of trait anxiety, eith8f dJaiE® PHlwoditikd Bfenot ype
they caused or because of |1 nkage disequilibriumto
ot her pol yneNpesicsns. 3 GG Talb® @6%2: 313@Rent 4FE®). and AChE
contributions to trait%nxi &8P shfBs+ 4€8i ¢ ahxiety
Trait anxiety top 50% 'ower 50% val ue top 50% | ower
50% val ue PN C/ T 8GN 128%E @@k THW@® CT TT CC GC
CC GG GC CC GG CT 10 68%8 @ m;gg";j%;r; 8%;66 ®€r 9 0

* T

70 TTOO0 7 TTO0 1 0.0 “5o 53 0.007*
CC 61 43 62 p63s1Md 53 324.CC b)) SH2@%) 9 24464 PON- 126

G C PON- 1620&T#) GC CC 8% wle@c;gf%)%%m%&% GG CT
1033 CT10 28 CT 390 25CP 20750 0 F b o7 T1TT10
4 0.2 TT 0 46n@2@R O S5&0l 01y CeBs% ]2?@6%;3C b 1 137
%CA)49 25 23(BGQR5 11 2QRPONSHED COEZONZEBY/ M (162

“Atypical” BCHE AA 44(100%) 33O5%)  51(98%) .

70D/G(293A/G)  AG 0 16(5%)  12%)
AChE GRE - T 43(100%) 331(99%) 48 (98%) )
17133 T/A TA 0 20%) 1Q%)

*Statistical significance (Xi° test). A total of 451 subjects was tested.

Because of the population admixture of Afro-Americans and Caucasians, the

possibility of false positives due to population stratification combined with trait and

allele differences was tested. Both Afro-American and Caucasian subjects presented

significant differences between the top and bottom trait anxiety deciles in the PONI
gene; Afro-Americans also differed in the ACHE gene (p<2x10'6) and Caucasians in
the BChE gene (p<2.6x10'6). Thus, although both the anxiety mean trait and the
genotype and allele frequencies differed significantly between populations (Afro-

Americans 36.1+9.5, Caucasians 33.748.4, T-test, p<0.006 for trait anxiety and

p<0.00002, p<5x10”, p<0.001, p<0.00001 for P446, PON108, PON162 and PON192
respectively) significant and relevant anxiety-associated differences were found in

both populations for the tested genes.
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GA AACGCGGAAAGGTAAATT TAAATT CT 8 21 5 CT 13 10
6 CT 351026 CT 40 4 35 TT 3 3 1 TT 3 2 0 0.03 TT 28
wa 0005035788 28 8 18 0.09 CC 67 80 19 CC 38 102 1BCTIA2801/(90933
55 CC 15 4 37 PON-55 L/ M (162 T/ A) PON-192 Q R (575
A/G)lAChETAAATTTAAASTTZ P(]\|AGGGAAAGGGAA
CT 14 CT. 2 1 .33CT3 14..27 .P446
S TAmother opniobiesigiyvaiycd eanglysip pf 3 sigle, oY GopLcast FIgily,
choggh gﬁd@ﬂﬂ}l as @[ﬁiegéﬂ_deﬁ?u%ﬁvlagalg Frdat béth e AfroRiNedfd SdRihe
Atypical™ BChE 70D/ G (293 AAG AG GG AA AG

Cammtt\gm@pm AL 168 mdlvmum’s) CTozxalarge thegmmplegzeaite these

g e ol i e et By i

scof8D/1p thid B3seMsCGve NGIHE P@E gend fllﬂsﬁﬁy&i ﬁgﬂﬁc&ﬁ AffereAcsE /ot Both

TATT CT 13 O 2 27 CT 169 TTQ7TT 05 0.1
AfrpAmengany ¢ Cayeagiaps (@0.4, 962, @@%ﬁ“ﬁ‘g) céa gignypise stipwed

s1géﬁggitqﬂ;ferenée§]1i3ﬁly BChE gene (p<0.0002) but the ACHE polymorphism
appeared less significant (p<0.07) and only in Afro-Americans. Based on these
findings, the analysis was performed of the entire population as a single group.

Joint consideration of polymorphism pairs revealed yet more significant contributions
of P446 with PON108 (p<0.006), or with PON192 (p<0.001), as well as for PON108
with PON126 (p<0.007) or PON126 with PON162 (p<0.006) to the trait anxiety score
(Table 2). Polymorphisms in the ACHE-PONI and BCHE loci thus appeared to be
significant, albeit ethnic origin dependent predictors of trait anxiety, either due to the
modified phenotyp;: they caused or because of linkage disequilibrium to other

polymorphisms.



TATT TATT CT 2 32 CT 0 26 p
CC 0 14734 PON- 162-G A PON 55
W20 AA TT TA AATT GC 5 0
GA17532CC001CCOO0 1 0.006 AA 52
44 0.02 GG 73 103 24 GG 41 113 15 18 GG 5 2 14
PON 55L/ M 162 T/A) PON 192Q R (575A/ G TA AA TT TA AA
TT AG GG AA AG GGG AA CC 4 Q GC 4 312 GA 36 20 22 GA
30 10 14 CC00 1 CCO O 1 381749AA532140
0.02 GG 23 89 GG 79 13 77 GG.2. 15 8 GG 8 5 8 PON
TabdepZyJrint BN /aey ACKE gongiutionsde traitgpxiely sgoes’yy G 3 AG

GG AA AG GG AA 4 PON AG AA AG AA 126 GC 3 2 1 GC 10 5
4 GA 3 75 GithngyCC 0 1 0 CC 0 0 1 0.03 Arra'stdnsue@u
ALAL77A10V77C-:/AAC;G734978C3C5813157GG 25 P

o1 3 SORPUE e wsiBes ok TXZ@Q A 3T cropb b o BHeighy value
76 GA O 51,;(%9(%0 TCC 0 1 AA 2 95 AA 0 10PoR.193 i 6

194 %: 8 AChE cc 6133 H ¢
TTC’E%%\'%%@&RO( j§5§®% 2t ipfg@ﬁgB@h %g %ﬁq%% o00r

8

AN&bel 4362 CCT0 53 32 CC1 18 CC9 1 46
PON-126 G/C PON-162 G/A

GC CC GG GC CC GG GA AA GG GA AA GG
CT1 03 CT1 028, CT39 30 2 CT29 50 0 .,
TTO 07 TT1 0 4 TTO 49 0 TT 0 53 1
CC 5 1160 CC17 1 137 CC49 2523 CC25 11 20

PON-162 G/A PON 55L/M (162 T/A)

GA AA GG GA AA GG TA AA TT TA AA TT
CT8 215 CT1310 6 . CT35 1026 CT40 4 35
TT3 31 TT3 2 0 TT28 1011 TT 28 8 18
CC 67 80 19 CC 38 102 15 CC29 3 55 CC15 4 37

PON-55 L/M (162 T/A) PON-192 Q/R (575 A/G)

(ACHE. TAAATT  TAMTT [, pon. _AGGGAA  AG GG AA
oug CT 17 3 14 CT 6 122 |7/ 2WCT28 1033 CT38 1427 .,
TT2 05 T3 0 2 TT25 3 21 TT26 7 21

(104/%1 CC73 20 73 CC74 15 66 CIT cc23 39 25 CC27 15 14
PON-192 QIR (575 A/G) "Atypical" BChE 70D/G (293 A/G)
AG GGAA  AG GG AA AG AA AG AA
CT10 9 15 CT14 12 3 ., CT 3 68 cT3 76 .
TTO 6 1 TT3 0 2 T 2 47 T4 50 O
CC 66 37 63 CC 74 24 57 cC 1 86 CC 1 55
"Atypical" BChE 70D/G (293 A/G) AChE GRE - 17133 T/A
AG AA AG AA TA TT TA T
cT1 8. cr22 . CT 1 69 CT 0 73
T O 7 TT 0 5 : T 2 43 TT 0 52 005
CC 5 161  CC 6 149 CC 0 84 cC 0 53
AChE GRE - 17133 T/A
TA TT TA T
CT 2 32 CT 0 26
T 0 7 T 0 5 0.5

CC 1 157 CC 0 147

SUBSTITUTE SHEET (RULE 26)



AG GG AA AG GG AA AG AA AG

AA TA 44 6 42 TA 40 3 40 AG

2 74 AG4 87 A A4 118 AA2 1 13 0.09 GG2 50 G50 36
wa7002835488 19 TT 49 32 9 AA 2 77 AA 4 58 5. PONPCT/IL2004/000933

" Atypi cal * BChE 70D/ G (293

AN G 6. PON- AChE GRE -

17133 T/ A 55 AG AA AG AA 192 TATT TATT LIMTA 1 91
TA 4 79 QR AGO0 73 AGO 86 (162 M1 22 AA1 15 0.6

0.1 (575 GG 0 51 GG 0 34 T/
3 72 AA 0 58 AChE CRE -

171

TT 488 TT 3 87 A G AA
T/IA 7 "Atypical" AChE

GRE - 171337, TT TATT TATT TA T,
77 A o {63% ’%A 21 [AA O 15 ; g@ﬁhﬂéa
174¢c g%ON G) conpad 43t tign"8d
anget g ){ve ]9 ‘;OO 1t0‘0£)t61 Oi Int Sé,]g 0.02
di netilc | oc %ﬁ
co§§|¢|@§sﬁfop%g@no ygseng fthe di eren{] %Iy r h|
gene poPPNGSPI(SMTA) I mer s Rroduct PCRPONCIOEQR (BTEAIG). )
si ze TAOMNITTi ons TACME TBRE T/ (+)5' GTABGBAGCCTGAG GG AA
CTeCArAL3 gVSEQQ b NO 121), &%17bp 6@GAC36 (28FAD2968)30( FEQ4 0,02
| CQ c¢€l 8s P446 (+) AA 38 17 49 AA 53 21 40
5' G@@&ﬁmcoeemmr GAMCACC &Bip 5@ &SI TG 38
SE 3). 37 cycles
( @@r@"@q%br ( ;') ( SEQ Iﬁm/m@" BGIE BOMIRERS3 A/G)
3. PO 4. PON- AG AA
126 @?X cﬁ/’e3 17257 P (A&obo8i1) 4
GICA/ cq Eg \TGRATAGA BT TAGATATANALAI07 '
% é83 G@@éqfﬁ $) PONGGPON-2608 /GG 0 21
(+) SAWHETOMQQBGG@ACG,AACISACCS' RIBHERBE017333 T/A
AG AA TA TT TA TT
GCO6 GC 0 19 GA 1 76 GA 0 51
cC 0 1 cco 1 008 A 2 95 A 0 109 007
GG 6 194 GG 8 161 GG 0 25 GG 0 18
AChE GRE - 17133 T/A
TA TT TA TT
GC 0 6 GC 0 18
CC O 1 cco 1 04
GG 3 189 GG 0 159
PON 192Q/R (575A/G) "Atypical" BChE 70D/G (293 A/G)
AG GG AA AG GG AA AG AA AG AA
TA 44 6 42 TA40 3 40 o AG 2 T4 AG 4 87
AA 4 1 18 AA 2 1 13 GG 2 50 GG 0 36 :
TT 28 4519 TT 49 32 9 AA 2 77 AA 4 58
5.PON-  "Atypical' BChE 70D/G (293 A/G)  |6. PON- AChE GRE - 17133 T/A
55 AG AA AG AA 192 TA TT TA TT
UM TA 1 9f TA4 79 ] QR AGO T3 AG 0 86
(162 AA 1 22 AA 1 15 “| 575 GG O 51 GG 0 34 :
TIA) TT 4 88 TT 3 87 NG A3 T2 AA 0 58
AChE GRE - 17133 T/A 7 "Atypical" AChE GRE - 17133 T/A
TA TT TA TT BChE A TT TA TT
TA 3 86 TA 0 77 700/ AG 0 8 AG 0 7 AG
AA 0 21 Mo 15 05T An 3 100 A 0 171 MA
TTo8  TTO 8 ﬁ\/e)

* comparison of the top 50% and the lower 50% of the joint most significant
distributions of two genetic locations.

SUBSTITUTE SHEET (RULE 26)



(AF539592) PON-126 G C (SEQ ID NG 7) 37 cycl es,
PON-162 G A (-)5' ATAGACAAAGGGATCGATGGGOGCA 59DMS0

W@2@AB3578EEQ | D NGO 8) PONS5 | VM (+)
- GAAGAGTGATGTATAGCCCCAG- S
- ACACTCACAGAGCTAAT

PON192 QIR 5' GGAATAGA GGAAT
Tabls 3'111(}%9@{@%@ gel)otm@zeé!g’?er

5
(-)

5!

(SEQ 1D NO 9) 178bp T/ A

GCC-S (SEQ ID NO 10)

GIS (SEQ ED
TCGGS

(SEQ 1D I\IO 12) EXAMPLE 2 The sel ectlve associ at i onof

L‘-F\Qf\l 'Fu
\4

geRot \lr\nc- \l\l 1 h. AL ot

raofl ad
ettt

PCT/IL2004/000933

o Lo
ull/\l ML‘Y L=

f::;ssmﬁ(gr lfrgr%yl}i\‘@?ﬁm t“ﬂ?ﬁ i es The sel ective associ ation lzeaUCt POR ons
ACHE SpE€ ' i ' EDNoE)anX €T Yjai7op  [60°C,
(AF002993 C O DINC=Y in thelir 37 cycles
ser (RHATNE, IEWEWPQQCQMGGWWQQA%@C% fected bjy28bp ;fc»l
i nherited ang |.ood sanpl es|l e
wer ¢ col | ect(% zftc aselThe in ?ﬁf&ﬁ%’sﬂﬁﬁg@g ter a >%DMSO
BCHE 1Z- cal (BVOG)|(+)PETTHETABACTHTEPATCANAA RO g 87 ®P
(AC00981Dhe |AIG ood at (%QlD(NOgS)(lS mn, 4C) Aliquots of 2 nL in
crypgeni ¢ t ulfeBCAEICEATABTERGATARBRACAUNt i | use.
Questi onnai re?%@érfﬁ%?@@ Pater that norni ng.
PONT  SCT {BONLIBEC/AC g ViFer ETe T OAGADGEA ABGA O ‘76btf 60°C,
(AF539504) he mmemm/oplwﬂqmmbm)c rret hod (Furl ong et ah, An 37 cycles,
Bi o¢Hoa62 ¢/80 {QAKTMEAC TCEATEGEEGPA crot i ter 5% DMSO
assa/. Ten MGA%3’A$E |nr‘|1h17lr;l '
PP o e SE;E@' 1%‘? oK L’“gﬁﬁ" e kS P
p-nltrophenyl phos aoxon |grra (B 6 MV
Tri m@z,Q/mH (B} mGAAmammeC@mm MEQa;ﬁNo 1h§9a BO3ELS
at N wer ¢-) b eperaMetI ACATACTHGECATAGEE (@GHOIDNOr 1210 Ini n. -
Non- enzymati c hydrol ysis of paraoxon was subtract ed.
Enzyme activity was cal cul ated using the nol ar
extinction coefficient Eeuappr£® nitrophenol [17,100 M
c ] (Furlong etal., Anal. Biochem 180:242-47, 1989).
5 The selective associstion of @@ditaAGHEbgWs with rasxioty ismeflected in

10

15

20

wer e based on a spectr met hod adopted to a

mcrotiter plate assﬂo'p'/({c)égg?f%mg% ol i ne3s (ATCh,

Si grithe) sedéctivetagsosldiioh osthepecite ABHIN andi RO )genotypes with the
hydrol ysis rates were neasured _follow ng 20

anxighisares o dividual subjesss iexeflgeted it tisipiserum AChE, BChE and PON

act@%&g%%h?%f&%ﬁ%?d{ﬁ% ﬁ(fggmé]l\{’@%nﬁ IHBences, @ SPeci fic BChE

al | ﬁldommmylbmmmwéo]mpdedmyIb)aseﬂmatlmmeBmonﬂngj afteroaril 2Haour fast.
BV\284051, i 9013) CI fi f i nhi bj tor.
o e e 3&09 Bland at H@a 135 4°6)-+ Aliquots
of r?tnﬁ_. Gh FRPhRNEBES wavd rﬁ‘&éﬁ? laf SOPASUH;IP Hiss." QQ(%EIE)RA&II’CS were
reacti ons” ITacki ng enzyne or substrate, attesting t
completeplatsir that intoyniog. SermeePORY activiy tiay d¢termsinedenah ar@tMn of

893 ?ﬁr Gl mfﬂd@ﬁhgg%g UTS}U' nt fgg'%qgaé&g’gpg@m to

mlcrotlter plate assay. Ten uL of diluted (1:10) serum were incubated in duplicates

with 190 uL of 1.2 mM diethyl p-nitrophenyl phosphate (Paraoxon, Sigma,) in 0.26
mM Tris-HCl, pH 8.5, 25 mM CaCl; and 0.5 M NaCl. Readings at 405 nm were
repeated at 2-min intervals for 10 min. Non-enzymatic hydrolysis of paraoxon was
subtracted. Enzyme activity was calculated using the molar extinction coefficient for p-
nitrophenol [17,100 M'l-cm'l] (Furlong et al., Anal. Biochem. 180:242-47, 1989).
Serum cholinesterase catalytic activity measurements were based on a

spectrophotometric method adopted to a microtiter plate assay. Acetylthiocholine
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fromthe total rate of hydrolysis. Enzyne activity was

cal cul ated using the nolar extinction coefficient for
W®2a08i085788 ni t r obenzoate [13,600 M1 cm 1] (El PeBIL2004/000933

al ., Biochem Pharmacol . 7:88-95, 1961). Corti sol

| evel s were assayed usi ng asg adi oi munoassay kit

ARS8 e BRI ShOHR A0S, S50 D e

folloG)g 20 min inchbitionotitht 1 E MNeuaisyprop ﬁﬁoﬁiﬁf&‘pﬁ&amide (iso-
decreases with age (Figure 2 and data not shown )
OMEfyestighit-bhat ofecHicex R&hEendBhibHer ororagdOpr oM del.5-bis(4-

alREef Rl G Redy AfBoldrd-bre fithorifs BV BN GIERY A0013),
a pEEcifinARPEON iabibitor. t Additiaeroé bbthuintlibiiorhreducddeingrirelgsiaso the rate
osed t lles (2-tai]ed Student''s t-test, p<0.006
°fg§’§n%26%3t¥§?°4¥sl% S, pngepresctionsdlackipg 9%5591}9 or substrate,
tRLERY tosthe Bpdch df¥hdik 98 AR RS e RUNAST 40405 n e
afoﬁl%gd.i hgppectiRe ual's of Caucasi 3 o??%ﬂﬁ%ié‘(“g?o. HgSye repeated
at| ymi interasls for2ii mins Nangeriziynetia hygrolysghadrsubstraté mias aubtracted

: ' y i M h d .
Ry T T T —

extipetiéh odeffibichEfarnsithiSn mitrébenkGaté 11€3,606 A W doi jpg8idifer al.,
body nmass i ndex (BM% whereas PON activity declined
Bigch¢m Fharmaeply fi88-95, 4 @Dent s t hese acqui red changes in
ser y |Vt t) . Y\ . . .
or U TR ot 85og TR Yalhh USSP i, Disnos
Systanmd Lbledrateeins Afh FEWdbster,DX) BEhdesaibe@QWeitota vi . e Maddtdlism

tral not state anxiety (Figure 3). Intriguingly,
51@'&%&%@: BChE or AChE activity displayed an inverse
assOPiaf! bR $thke SInRfely SBHLINOWT ?&readgés wit Yee 3 and

AChE activity increased in parallel to the ag -refate
datzgeicshown).isnggasting thahries yxpuiggesteidorage padtidabetice pyotection

redictive role for this.enz 'S activities int
el Dess e Bl o) SeSiBapCRehe bkt tAChR god B bu
noM inhPONahdtivatiosl febe @b ewith il RHRSNBNbppdstd tb NRales (2-tailed

apparent equivocal relationship between enotional

Studest v d165ta R0-080 tand M<000LA msrepmenaresd to BPOR. revpsatively). Also,
.Q2; . 0 e ent,i ' - [ el. at.i anshi ps .
Sl@é{ig\/\ﬁ%&%ﬁﬁgm er 8nr?{ne ﬁéz%/‘% gvg% ?@P‘%‘fé@ 1{vl\é} %Rlla d?fc gfig%fman
origing (p<OADRE/ Btdontast, PON was signiffvatdly Wesher i Afftiyan-Americans

si anihi cant. in subjects of both ethnjc origins (R
(P<¢? ) 0%@ Setyity showrs: pe significant differgacesnketween the above

pdpRERiBAL {p‘ﬁ%ﬂ) - ACRBGYE BChPGRRIP %ﬂ%%@l} Qg%zg}dal%c%dg mass index

Stral ghtforward I nteractions. rize
(BMIB, wheicat PONsstidtyadendined mith Agh EFigurs 2bpresdnss dfese acquired

Caucasi an_origi'n on-denat uri el el ectrophoresis
CHERESS JRy et peliyides. Compaile it et e Sapriatedh ghanges,
anl iV @ké VG as Rfundl BERRER WChE, HulBbt BChR DY PO BARAGE and

fornms of AChE were exam ned. A serum sanples displaye
tragfc bty 8ot etpicasnmiely v(Figures ).y IstriguinglyyoR@Nsbuf not BChE or AChE
“activity displayed an inverse association with state anxiety (R?=0.89). That serum
AChE activity increased in parallel to the age-related reduction in trait anxiety
suggested a trait anxiety predictive role for this enzyme’s activities in the serum.
Cortisol levels, however, did not correlate with trait anxiety scores, in agreement with
the apparent equivocal relationship between emotional distress and cortisol (Vedhara

et al., Biol. Psychol. 62:89-96, 2003).
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di mers; however, active nononers appeared to be

over-represented in serum sanpl es from Caucasi an
wepsmsi78s Wit h | owest trait anxiety scores as pONpa0ed00933

to those with highest scores. Figure 4 presents

several exanples for these %fferences. | munol abel i ng

of serum_.protein_ blots suggésted that serum AChE
nonokeicatisle gitersistationghips e thes diffsreninepzyme getivities were

. ; , . L Y .St
e P BTG coniions, AL Doatt P BR R spiccs o
bahuetsic anigins(REe0.23,t 056 éephito- Amerivene amb Castasians, iredpectively).

: | 6apbiic A asdasiat e
R, RN 0 B e iR eterRE at i ong.

bet wagnfus@ed ChhQehRTHEAn IRy K aisdcald {drdht ABRE! Bl Mubjects of
were next calculated for all” subjects after

Caueastan oziginy nonalendtpring gelfelentropheresin fdlasraddiyractiyisy sieining was
.. Jdasti indi vi dual.s, who. pr pnt ed .t he top. 20%
oS o B Aol B RGBSR S e Wt o

ATHENvekeieRimiigting a general i zed |inear nodel (wth a
logistic |ink function) showed a signifjcant effect of
bot hAthsergen sapples) disilaped rashve iirqmeEs Witls \verh gmal aamounts of

ARG REdvEY Iakbdvd ﬁ%ﬁbﬁeﬁfap‘ég}ﬁ] b8 Evé}[}ggﬂgg}ltéd%%ggﬁlamples

on the tral't anxiety sco a regression ana
ftoes Clancpsfanrsubgctsowith dowest itfaitt danxiety ecdrbe ag camparadixo eiose with

scores, there was a clear effect of all the,

higE PSR SEE ch Biey bt SevsER Mample (IAr Hsha iferepges. fggmuno-
18Vl ©f Wehith prBRidBbts SubsEspal that skRdn (ACHE 4dnoflers Aepresent
smalTer, but significant “effect was observed on AChE

AGPEOR(S) alseBRONE ciol.i GASEBS. {20/-02)2008h Fherefoee, this analysis
SRR B IB, o R AR BE o

ekl deflil By fovaet bRidubihg thendthiey WAHTRt Isaddsodiisd 6ivh their
scores with significant power. The neasured effects

reduced (raif gvicty seiependent of family links. Qut of the

whol fam.|li ' Si Pl
e CHBRORE b A pRRn D SRRl 7 A0S o
calanldeedifyr dhadgects afitermotmbieringtheleffectsof dgexdthnit loeigin, gender and
Bg%ILf rence hetween38 the serum variables of the two .
| TeRgas Ay vidpals gvhg pie tiowR &A% Flf pIHLyjsgprgs against the
L858 Y RpulEoR S LAKEM) 1 b GES, oL 170 i
showdd a aignifehat effentof diofh) thengkndbtyped olymomptisus (p<B013) and the

AChE,. E and. P . 4.ndicatj ' cantri.buti.on
SORTLRATET o AGH? BB SE RN GPTRE of Bt frat S score.
Ii$ b p&Réss o anbysiB AXting bR RO Rt TRIng 16 he (Blitark§Ry SSores, there
di stributed i'n the top 20% of anal yzed subjects Wwere

waR @rclead efiert ofeadl thei prjympwphisimssasinbiyped tagethenavith gender, age and

Sj e _nethod .(Brei gan.et, ak, Classificatio
L8 Ggh 303N SR AR RGeS o e B! LERHERR et
W iobsériv&F of) TATHE gp<10.03)e6:1d BChIR @&fiwtie® th<a.04melHué adhle Vinherited
after choosing the : .
parameters which contribute significantly to the measured enzyme activities further
predict a considerable fraction of the quantified trait anxiety scores. with significant
power.

The measured effects were largely independent of family links. Out of the

whole data set, 92 families with at least 2 siblings were identified. Two siblings in

each family were randomly chosen for further analysis. Next, the difference between
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rel evant variables by an algorithmin the R program

The "pruned" tree, presented in Figure 5, supported
w@e@sosi78s/e power of serum AChE activity from paeIL20@4/100933

anxi ety phenotype as well as its interaction with

ot her enzyne activities. Thas, for exanple subjects 40
Y S a8 of B P! SRR Blg PO b fhei ity
vaBi@bles arxre chlcivkgedhi §Viehin tfhmilie8,] 3ibling oG dlatiomsovereniow: bbth for

ol G SRR o, 0 NS R0, A o5 S BB LR, s
and"POK), 488K &ting KRl YontkibRicdl ff &fvieaReal WREBxpeihde-derived

and state anxi ety was assessed. For exanple, subjects
fagorsh i ncreased serum AChE activity and el evated serum

Crai TN a g L EPpulHaR il 5 ol @ e Asib il in the top

209% &% anslyidestibfeciwawere | th&e idetifidéd uding tvadlas Ko 8&s b regression
capacity. This inplied limted ability of such
tragy 5 Bripay ¢ e &lessdicaiion BAvRegson Tyges, Wardsworth
j AChE. In view of the stress-suppressing
(L?}g %If’)o (L)i\?g?%roduced AChE (Kaufer et al., Nature
393: Bi8-tre, ghdRy prbcessfisr pdrbormped editomatitally eafter echoosing the

usceptihiljty for state anxiety in jndjviduals with )
re Gifcaialem bl g afiouira i o aesraiy | DiEL phuied Rgucsented in
FighR! ) QupFQRRdi frofRfve bswBEDf YiahACRRRRATH Bond Me i Snxiety

property. To test this working hypothesis, the
phenotype enewsllofs itsniatesactioat it athier eyzyimeoartiviiiss.e ibus;t for example

verage val ue of all the tested, subjects S
sBERCTE, offotin ) B bl PREIHE B " gy pggotyzed
subbtrdtemaraas PONO#BiVYG  but NGHE sAEBChEB! debyiftieh highef 3175 and
activities corrected for_ age, gender, BM and ethnic

343 pugple{mininls reppegtively. avoyldhaveioahnt %tchancgi ofbslonging) to the 20%
' § j < . ' NOVA), plotted in
toki[ﬁtgagtrafe&%bp# R@%@%ﬂ £ %g%%t?#%érﬁgg'i on inplied that
subj Biaaldy, vihe Ndiffsmeed ibetvadeh yirdiown®@shtacinkiety ives asegsséie  For
at greater susceptibility to el gp. state_ anxi ety
xafwdh UBRek: VBAshETaed: S.?F‘Pmt‘%gﬁffia&}_ Y PRE ehpiedatergh ACHE
mBhorh&}8 v&eB ESthd &RAREF ko Hf‘s?_fbgrlﬁgh trhlt shx iy SEREL. DiThideYore, the
woul d be | arger for “Caucasi an Subjects due to their
ACH¥egenPGh thetel subjéots wak|dseXp, itse rpaikiali exgressien rcapacity.  This

. . at E d it iety. | ' .

infef TR Byt P’ et ettt acHPGRTE Gmsesent by

oRgprodidinge ACHES Phnayied ¢fi thé sfsds-sRpMeisidd Mfe 85 5RGpRITIGIASAChE
with trait and state anxi ety scores. These findings

Y. . -
(Kagfarer af.eNefugm393:3%hT7.y1998) Hhis Rerthss pradisteselevated susceptibility
' . i . of . RL.T Fam.ly ady... ...
rof SEIPL AT SRtk SPuabidnds o oSl a Gt
urfleys anothier cohdatien(9)f is dhatewich @bmpersats ifgd this prbpédy. To test this
suppo}g&p; the notign that these bi ochem cal and ethnic

thissisq thet differrace of pae's Staie araetyfiem the expactadeayerage

W
vagbgee@mii flMest& §iBord BEY cHAHSEd 4 ggaf?t‘e&% a I Bhr (Y parallel

n enzyne ac It1es are 1 nvo anxi ety cCa
diffleences Themetheie prédicted deruah alGhe gl PONeaetivididsororro@dtbe age,

A 1 | ocys t.o, the findjngs, of _others of netjc
gegg!ﬁ_lrp% qtlglfjlg RABiL y 1§_|¥{t]:fcj‘ea% significant two-d1men%1%nal interaction
(at p<0.004, using ANOVA), plotted in Figure 6. The resultant interaction implied
that subjects with exceptionally low PON activities may be at greater susceptibility to

develop state anxiety under conditions that fail to.trigger the activation of the AChE
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et al., Science 297:400-03, 2002). Attributing to the

di fference between observed and expected AChE activity
wea2@anssaBsrol e in state anxiety is further conper/iloe/000933

with the present findings that the suppression of the

stress-i nduced AChE R vari ajat obliterates conflict
Psychiatry, 7:874-85,

fe%%a V}fe%r:)?xi hlzatl %Hsceptf[b}lgx wqqgtf l) %qofor Gancasigg gubjects due to
theiD Qow&3 PON) Qivitidh QFI@O\R eé)éf)ldlﬁn ftix@i?ta%goé?% th hE and trait
and 0

pol ynmor phisns in the P E genes avi ng
an%aﬁtYAdeE gonslusian, \seriny n@ChEnaCéwﬁhasa@edle!m entenctims w1th PON

I
b L LI T —.
act iMhietd dindinpd a@rdlats Ksifaigic@itsy Wath lﬁ%oﬂig%&ﬂ?%xammed

has been e nsively discussed (Costa et al.
O, e Bt LG AGisD S Shdg hukieys. ¢ i 8gidon, such
coﬁélbﬁ&%r\pa‘e%mdlﬁb hndn‘/iﬁ A8 ol B efsE RALIE % éoluge t'gl% ?@r%m the

the risk for car |ovascu ar disease’in
notien glat thege bidchemichlnandsdthni® @n@ﬁl—(ﬁﬁ»ﬁ:nd&Q gonetis $adtord gk causally

oo RSk R oL e ang omlr ) Cqm et on el
VBM
S, B s e RaDkoEhe bt B 4 1

@/ ONIerus T@dhﬁ ﬁ@dﬂ@& 06 athsefr genbtiaoompingnts do mesietya(Hariri

B R B AR o s
expﬂctedrA@hEe&tﬂl\iﬂpS&:aﬁum @éleﬁi‘steﬁ@)h_}_ﬁetyrlg|f@1?ﬂgéi};)cohﬁ)ahﬁl% with the
i S cou e

% over XI ety feelings ,
Pfeé‘}éigﬁ{ﬂ B’gséhfﬁ SHPPRISEIan (of ther stecss-indaced AGHEdR vaniant obliterates
coel Bk ofhih Bt LSR8y gy SESHYE AR & .

PrQ\i;p pHaténtAqadl Rdi.oMEA p l@ihrz&ke 20@HNE ahat RENepCtis VaffdRsl by

ol ROl ST 6T Fioull ol LR oot bath hciheoms s rotctie
funenekOmpisiZes t}fé%t&@squh&ti%ﬁ ACHH B? @%vﬁnﬁ%h%ﬂ?ﬁa@%h% iy

one_of them may fect the o a Ccls mec
( Bal'R¢ conteheiont OdeONHQMY@mIdHSmSLm{atd §'qrumcan29me Sammb and

t f hat
o 10 el For ol U S b P e APtk o,
ReetMad., SAETLF9E, @00B)! Iﬁ%ugxiglﬁ&ﬁe §35M2&93%o hR&{ &f PO 1 which

svmth hi g tivity may essfrequen

" subje
Wa%@@ﬁ“?‘Lté’ Inersases téé aléla@kr c‘raéh@tﬁsgléar drusﬁaechm @ameseqaiam etal.,].

t d
L e SR RE i wb® Jp ST el s Gnd oty in
conpoEapi Vhdr thehB446 WGHY polynRichhibaviek snxibh édd)requblshﬁé P446
1been re orte&w[é onfer prot ection from oxidative
polypp Q‘??"? A ) 1%qhe151|1ca Ix ingffective (Battels ﬂﬁraﬁnb‘\InVés Hum.
Gert.032:93%136 71398 its %ngl.ld)ate | ner(ﬁ-&fﬁ%} Bt \éﬁﬁ ﬁ/hsr%ores may 0lect

particul arl'y sénsitive
the ppefpiyEon pégdja@hmqu&ﬁ&s 91 Ehe2RCHEPAN ] 1d€ o ee dxdpesSion of

ys, al one, conmbi nation of the can lead to
eI SR BfscTuRcHans i terelraetidribe Fentrhver anxiety
feela1ggy TR - could be, for example, a phenotypically effective mutation in another
closely positioned gene, e.g. , ARS2 (Grant ef al., Cell. Mol. Neuroblology 21:783-
97, 2001).
The apparent relationship between AChE and PON activities may have several

origins. First, these genes are closely positioned on the long arm of chromosome 7 and
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The observed contribution of ACh regulation to the
anxi ety scores of otherw se healthy subjects may

wo moslai7she rel evant to the recently reported POI/E2064/000933
ACh in controlling the production of pro-inflammatory

cyt oki nes (Bernlk et al, J, yExp. Med. 195: 781 88
anX| e SSOCI at ed ol e of
e e R, S alh B?lyga%rp in gpeof thememayaffesh theyother by a

cis| k@ hiisEO(BalditMbRS e 4., Thgh Geh@PQL0: e, Qf)ﬁE)Ct§ecbﬂd &oth AChE
(gl et hora of autoi mmune, atheroscl erosi s and
an

JION- we| grgess of suganephosphatessaBON dudiolyzackiem cand AChE is

SRR 8555 8, S A 1357 20, et

subjeas i vaith aﬁyﬁtR(DN ayivitk i mey . leskh Gleglicatly, nevdette SEHBNfeedback
AChE | S may serve as an inverse predictor of ACh's
respeRsEr W %655 ppiseatial mfipramepy(ergeéedmeegm THemaiging 1n fresh

crog?a‘ Alséd NicHRRed AN AREGSI016d § ?%tﬁ{)%é with low PON

| seases W th intreasing
lev€lsr ¢ Third5 POBP ha8 beer? @q&)tedAmXecmfgr pmtueaen fram gemxhitmb | syress

heal t hy su cts enc rel eyva 0 .
OREPelR o ot Try SEPEE: ot Bk okl e0ielp which
ACHE/ whe sleoidl HAb& Parliyulagy @éﬁsﬁlv%r(Wéihé?Céﬂ ern BﬁJchéEﬁaﬁ fi%s. Res.

reflecting the cholinergic balance in the circulation

Comrevl%e%ﬁaﬂb 894 d%aoy afihese pedvays ploneawta doprbisatiosydfrtbem,

car 38 RO B o SRRt b io R D8 bRl cBr@ct  ng
Ser (Il’(e EBM Adtriboitibh ©8 AICh redhfidtytol thél hstisty @b@reMkﬁhermse

predi ct the expected serum AChE activity, nol
he@@*é{s%qbéﬁce R BIsTe Be ﬁélev?ﬁt t9etherfiepentiynropaiied mle "of ACh in

COﬂtMlllY%%%fﬁdu&llaﬁ 0? -llllld nlzﬁi&ﬁ%{e (i gﬁltlkaga (Ele,% EXP. Med.

I ncorpor nt o fo quatl on an
195x{i81-8BB) |2962byfh¢seﬂreesm¢n15ahssoamfeﬂ|roﬁeejftsach: aytokihed (axhlh:nan et

o S 25 YO L S 200 SR o for

of he@Rhuie Sitiitadclero8d hhd hfbSehrl (ﬁféak’é'é‘ Aﬂ&f-:ea@éat éeYﬂnByAChE
A. AChE: Expected AChE acCtrvity = sex (as-0- or -1-)

and zengguently dggeased[ A, 1weuld salleviages theD attenuatidn Yovar release by

. 568 <3. 3 Par amet er
s BB o dp BB B TG, A S AGUE levels
may36rv8 &4 @n Ittt PBddictdr d48GH QY PO NPpreds ﬁlﬁ&ﬁlﬁ&t Pekbonses.
2.0191 0.04409* Race 55.56821 16.03 41 3.4661 0058

Thm*mampl:gn tissknown highey risk feuinflamppagor giseases Wlth mcreasing age
and BMI (Saito et al., Circ. J. 67:323-39, 2003). Anxiety scores, in generally healthy

subjects, may hence be relevant both for psychological and physiological symptoms.

-

That they may be evaluated by genomic and biochemical measures reflecting the
cholinergic balance in the circulation provides a previously unforeseen approach for

studying and perhaps controlling human anxiety.

EXAMPLE 3
Application of Regression Analysis for Predicting Serum Enzyme Activities in
Healthy Individuals
AChE: To predict the expected serum AChE activity, in nmol substrate
hydrolyzed per ml per min, in healthy individuals, the available demographic data are
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B. PON. Expected PON activity

sex X 0.5491 + race x

(-41.7841) + age x (-0.3208) + BM x 0.2201 [P<3.80 x
waoosjp3Fas anet er Coefficient Standard Error t REL/I2004/000933

Signi ficance® Sex 0.5491 6.7381 0.081 0.935 Age

-0.3208 0.2542 -1.262 0.2081Race -41.7841 7.2700

mc‘o of#téd Intd kRe Q&lg‘;’l’{l
E: Expected

%at%nzg&lmglt

Vit

&%@Z (bgf @1% %@.}';ﬁ CO¢ a%:éents

calzulat@d bQ@&ressagmmlﬂrs fdithe HeBMge xolot@. 441 [P<1. 2 x 9]
Par amet er Coefficient Standard Error t Val ue
Signi ficance® Sex -793.487 238.696 -3.324 0.000962 ***
AgeRhG: 4 ARIOB N derdn 0. 135706 Race 267.908 257.691
1.040 0.299080 BM 112.441 22.537 4.989 8.79e-07 ***42
EXAVPLE 14 Ggipiapigat i on of Regression Analysis for
Predicting State and Trait Anxiety Values To predict
state and trait anxiety values for tested individuals,

theSeIzen@gfmalei c and bi ocheni cal

into th

resi duaﬁ ‘c%gpf
anal ysis for the Heritage cohort.
(as- 0-

seX

A( A@Hﬂ%e&e@%@ﬂ%wﬁ? RGOl P01 -§ ko4

Trait anxiety

10 4

[ P<0.05]

data are incorporated
Wi ng equation and multiplied by the

S cients cal cul ated by regression
D. State anxiety

or -1-) x 1.9290 + age x (-0.027) + race

RegidgalOCodfficients)fok Seruda AChE Aetivity AChE activity (in nnol
substrate hydrol yzed per
BChE activity x 9.52 x 10 4 + serum PO\l activity

E.

m per

= sex X

sace (a5, Q‘lCrIO)l K P B8E8 At BMi x53681 [P<A@|1E1(adt i Vi ty x

aNN aYaYa¥ad

mn) x (0.014) + serum

g@am Qg@? 14311 +

%LIVILy

Shardmd difror T

ignificance™’

U. UUJ

14.84887 *

0,08201

Parpinied 129) 1T Efdlike
SexV. UU R0 ) concent
Agdiesi dual et 15grents—for

030§ty Redt

c§>6f9‘l:”' /-\na'_

0,04309*

Rack .

Stat € ANXEE3gg> - ar amet

1680 f T Cremt

q Aﬁ&lual U

BMI Val ue Signidiggancell Sa8X1zdagp290 1.

0,00038 ***

05 1- 4780

AR

Age -0.0269 0.0470 -0.57-

2.068 0. 0396*

0.56/1 Race +5. 7220 2. 7660
Ache -0.0139 0.0090 -1.620 0.1065

B. PON: Expected PON activity = sex x 0.5491 + race x (-41.7841) + age x (-0.3208) + BMI x
0.2201 [P<3.80 x 10®]

Parameter

Coefficient

Standard Error

t Value

Significance™

Sex

0.5491

6.7381

0.081

0.935

Age

-0.3208

0.2542

-1.262

0.208

Race

-41.7841

7.2700

-5.747

1.71e-08 *¥*

BMI

0.2201

0.6357

0.346

0.729

C. BChE: Expected BChE activity = sex x (-793.487) + race x 267.908 + age x 13461 + BMI x
112.441 [P<1.12 x 10}

Parameter Coefficient Standard Error t Value Significance®™
Sex -793.487 ‘1 238.696 -3.324 0.000962 ***
Age 13.461 9.005 1.495 0.135706
Race 267.908 257.691 1.040 0.299080
BMI 112.441 22.537 4.989 8.79e-07 *#*
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Bche +0. 0009 0.0005 1.977 0.0490*
-1.322 0. 1873 Cort

PON -0.0148 0.0112
-0. 0006 0.0035 -0.181 0.8564 11.

wae@sn3Aexi ety Parameter Coefficient Standard BECT/Di2004/000933
Val ue Significance™" Sex +0.2956 1.0390 0.285 0.7762
Age -0.1170 0.0374 -3.128 (,0020* Race -3.4610 2.2020

1.572 0.1171 Ache -0.01
+0. 0006 0. 0004 1.611 O.

feati R it StalOLR
[%’él}zlﬂ Poéi\l‘?f a‘f'glrgslsgpf‘?g%ﬂgg%i%g %éri] t hegtlasr ael ?r

Fiaduild

-1.889 0. 0600*
+0. 0082 0. 0089 0. 925

Wle?

Bche

Values

' rael opul af'i on
Pol ylioorpdirtssiaie prd trais apmdey vluss fordesied wér‘@dlg&a dheygrmeigraphic

angdBibchk

the polynorp

ﬁatg 158 ﬂféiol/'_éé)gﬁ{t{a&l e

I On

I SNS.

Q| ey&%{oﬁéﬂgi%ﬁ%ﬁég 'and ?nntﬁtiglfied by

thef regidua woeféisients daldlatedisly WErdbsiowhnalypisior thiedlemsige cohort.

cal cul at ed.

i ndi vi dual s,

D.'StaR &I L s3x Wis-6.N6 11
femal'es from

mal es an

A total
(91 nul es,

s

rzogd Hos

It

of 157 generally healthy
34.2 8.9 years of age from
9%{9(-('5%72'6-&&9 ¢af8. or -1-) x

geriatric

5. 1220t erserug0 ACHE actjdtyr §inofimalgeybstwatechyalvalytelbper fdrper hini) x
wer e,
| adivity  3(-0.0148) +

DAY st B KRR < e % B

cofROPdoYip&fatiBh GAAMPIBLEX MEIP<0.03

i

to

Vacut ai ner (r) bl ood collection tubes

(Bect on- Di cki nsonFrankl i n Lakes,

R oHPYRGE, 2T 0S0SEY By 18,550

activissma. Whol e bl ood and plasma were mai ntai ned at -70

G

commttees for

Medi cal

Reshilval G oeffisicntios At Heg

use.

Biehl a¢tivaty % ;3006

Subj ects fil

|
g

et

BD

NJ, USA ) with
i f
T

a?%%i‘?%g’gﬁvar“hm

ri

Ar my

(Centra,

ed a questionnaire assessing.
PN aesivity &k HQO83 frcartisa) gpagsmiration
x PGIRTRLEDS] The study was approved by the Hel sinki

' human studies of the Israeli
Corps and the Hebrew University of Jerusal em
from bl o?d cells using the

Fessiopi

I $fabe8afiety S, MN). Genotyping involved PCR

anplification of the corresponding gene regions, using
Parppigteng| ynpr ph€eefficienting | st Sfandard Bxireronejit YaJueagar os ¢ Significance™
Sexe| ect r ophor £81%%4nd Exo- Shb3®hzymat i ¢ pdrd78i cat i 0h0-1406
Agg USB, Ol eve| @832 OH) of t h&04PCR pr oduclt-0.598andar d| 0.5671
Ragut omat ed spgleaci ng uti |l jz&dot he Bi gDye.0bgr m nat 90.0396%*
Adeycl e sequepoiong chem striye.0088 3700 ONA Apal YZEr | ancks
Bchiedl @ +0.0009 0.0005 1.977 0.0490*
PON -0.0148 0.0112 -1.322 0.1873
Cort -0.0006 0.0035 -0.181 0.8564
II. Trait Anxiety
Parameter Coefficient Standard Error t Value Significance™’
Sex +0.2956 1.0390 0.285 0.7762
Age -0.1170 0.0374 -3.128 . 0.0020*
Race -3.4610 2.2020 1.572 0.1171
Ache -0.0129 0.0068 -1.889 0.0600%*
Bche +0.0006 0.0004 1.611 0.1083
PON +0.0082 0.0089 0.925 0.3557
Cort -0.0039 0.0027 -1.406 0.1609
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col l ection and Sequence Analysis software (Applied

Bi osystens, Foster City, CA). The reactions are
waledogiobwds under Table 4. PONl 192Q R and PON BGL/1I004/000933

pol ynor phi sns were detected using the single

nucl eoti de primer extensiornsmethod (SNaPshot ddNTP

Primer Extension kit, systens). 44 Tabl e4:
PCR conditions for geno %Wﬁg di fferent
pol ynor phlcsrm/mmeam el dndies o Hid IRiel ﬂb?@lwi@h PCR

(2) GBS G GRFEONE oy atpre, sqompesosa linksge
di%ggﬁbhﬁ)ml\ﬁs c%cufa% 2%«%3? &g iR golySip SN he allele

EO I D NO
ﬁeﬁUeI@fe&@&?QBMTHCHE@W@@his&BWe &8@late&EQ DNO. 15)

( SEg %K%S f]_lé} gﬁ?ﬁ(@%éﬁgg gdg;}rﬁc?& ‘?-‘?n%séz@ @@p@m of age

frohtNéabeCE AR Ehs Tsral ODBfeAS: f@rcés“&tﬁig@@ PtalesPiY 4614 from the
(SE ID NO 7) 37 cycles PON-1

DA DO BB 26SY RS ©8Hiaple oiNGis study.

) € ) A Sebuge TR el PG Bt o el

sataPle®) wéde N§anothPed. PABIGEE senBles Hwere drawn to BD Vacutainer® blood
]? GGAATAGACAGT GAGGAATGCCAGTS 305bp A/ G (SEQ DNO. 11)
co

ecfion: whes\ GiestancReckinsontfieaidir dakey, NEEDSAD) Nuth 1cjtyate”as an
aan Qa8 Ind 6 leé\llvgiﬁ)@t fcx‘f") 315 f]ﬁ Git grgn&o@fe centrifuge to
“or mg u3| pro

NaPshot react

ob&‘m Mﬂﬁo@l’ ﬁﬁﬂé@%ﬁvﬁf&: IﬁﬁE@lﬂeﬂ ahc¥0° Tntfl ase.t Sﬁ)Jects
GATCACTAT. TTTCTTGA 3'
silegy ﬂ&ﬁgma%?ssw sFassal gtk Sagmesicisg ake 3 iesparaphic

pataitiefss.| TBe ROQP AR ﬁﬁ@védﬁ%%%isu(lﬁ‘%ﬁﬁhﬁ@és%?ﬁ&gﬁp gtﬁgres of

Frei burg Gerrmnegg0 roducts were el ectrophorese
thesbmhABmydﬂmw rpsandithe Hebrsw Iﬂmvalsay p Egusatentn

e i PR Vg el iR Slo TR 1Sl 6 Cegira Whole Blood

DNA Extraction Kit (Gentra, Minneapolis, MN). Genotyping involved PCR

amplification of the corresponding gene regions, using Taq polymerase (Sigma, Israel)
followed by agarose gel electrophoresis and Exo-Sap enzymatic purification (USB,
Cleveland, OH) of the PCR product. Standard automated sequencing utilized the
BigDye Terminator cycle sequencing chemistry, ABI 3700 DNA Analyzer and Data
collection and Sequence Analysis software (Applied Biosystems, Foster City, CA).
The reactions are detailed under Table 4. PON1 192Q/R and PON1 55L/M

polymorphisms were detected using the single nucleotide primer extension method

(SNaPshot ddNTP Primer Extension kit, Applied Biosystems).
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PONI -108 C/T) and three coding region polynorphisns
{ACHE 964 C/ A H322N, PONI 7704 T/ A L55M and PONI 16347

WOL@GSQPER) in the ACHE/ PONL | ocus were genot ypemILn2004/000933

157 Israelis at the age range 20-93. Together these
spanned a distance of 5.5 Mp on Chr. 7¢21.3-22 and

TR E R GEhtnDr Sebaine be Aifrrg s beRERE B genos

(FIG 1). None of t he exam ned alleles deviated from

Cenet

IIl: l‘lal A cquu | | UI | urtry L,Ullp?xf; b: C Vvi t h
celssqmyngg gl?'m opui ations (Sklan, E.H, et al. Fbjlrz(tjgd(l:mt igfdm.o
ACH‘E“ AC gV #éC’I‘TCA‘l’H?’) = ”Kdge 217bp 60°C,
(Arbosegui | i bria D (SEQdDNZ) gorrel ation val ues were 37 cycles
cal cul afed for tlhscPOAGTESIGAEMATI®Z2 TANAACHE DHNF3b
pol ynor phi sms_ (TeBREDBD: 5 Tabl e 5: Li nkage
di sequi [H3BIN GAD |(+asiFTABATOCAGAETTCETCALITGE: f or ceni2ébpn  [55°C,
pol ynor phi sns  p-|CEREIRNODENF3 55 192 of D b DHNF3b |1 37 cycles
0.34 0.p3 9. 7* 1QC5AGACATGACAGTHEAYECE-3 0.34 1 r2  [S%DMS
DHNF3b 5 192 @6‘3&‘00 6(307 0.026 55 0.007 1 0.2] 192
P Nl ”PbN-ms “ “' & *0 1376b 60°C,
@;%)pr PORTLE /c %@; ]&Ea QW d‘e Wé\éﬁ% '“mj(P > 37 cycles
PONT162 BA|)s KAl &b%%%céﬁ?@éléfeé&h&@& Up 5% DMS

popul at| on (Brop®R¥onynd:g) €t an,

68( 6) : 1FENSPEM 4UV3)GAAGRCTEATBPRTAGE
del eti or/DHNF3b |@eomb &wee) a significant D val ue
PONI 19P but not|-f5oACRCONCAGAGAGETANTGARAGEZOZR! ues
both PONI pol yn)(SpRIBNE: 10Fhi s refl ects the differ
frequencies far lthe DHNE3b and PONl alleles in th

| srael i [PREPUIAR |G GQME{\@A%%W%EG(F%QT% I'srg

popul at ener ¢eHQ TT{j tngse. report
for Cau asi ans : {
Afrtcan \IaUIC &—+Howev Haen "

tested Caucasi an popul ati on in USA the Israeli

ﬁopul ation appeared distinct, with small but
FollpwingfR mnmwfwmﬁ@esumfma@gn mhqvSNaPshp@ geagtidn P@sIperformed

w7 SIS CEET o RSPl 301 RIS for i
PONI 8 asl 5’nGMUA(E’mr ’I(T’II@BMA@@@I&ETTAU@ @SEQ ID NO: 14)
d t he DHNF3b prormter del etion and the

fOI@QE\u 51 ngFOilém esigpsiont ed ¢alf itoptine phosphatase treatment
(Amersham Biosciences, Freiburg Germany), products were electrophoresed on a
3700 ABI analyzer and the results analyzed with Genescan software (ABI).

Four promoter (ACHE -17130 TGTT deletion, PONI -162 A/G, PONI -126 G/C and
PONI -108 C/T) and three coding region polymorphisms (ACHE 964 C/A H322N,
PONI 7704 T/A L55M and PONI 16347 A/G Q192R) in the ACHE/PONI locus
were genotyped in 157 Israelis at the age range 20-93. Together these spanned a
distance of 5.5 Mb on Chr. 7q21.3-22 and covered inherited variations in both the
expression potency and hydrolytic efficiency of these two genes‘ (FIG. 1). None of the
examined alleles deviated from the Hardy-Weinberg equilibrium, compatible with
findings in US populations (Sklan, E.H., et al., Proc Natl Acad Sci USA,
101(15):5512-7, 2004). Linkage disequilibria D’ and r* correlation values wére
calculated for the PONI 55, PONI 192 and ACHE AHNF3§ polymorphisms (Table 5).
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were both nore abundant in Israelis as conpared with

US subjects. Wthin the PONl coding region, 6 out of 9
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with 15, 19, 23, 11, 18 and 14% frequencies for the
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opul ation). [T agre mth—previous Treports,

Ioi ﬁkage of t hePEBUSY @ﬂg}:ﬁ tdy 192Ryyas flound. In this

sanpl e, this | pfpage RS conpl ete] 192R and 55M never

appeared togefher (Tgble 6).146 Table 6. Allele

frequenci es of AHNF3BQN AG4E p6lognor phi sms in

di fferent pop| j —Caudecasli an/ USA

African /USA Eyrope 18405 3| 023,859 ND 0. 10
(0.004) (0.07p3° (9. 7{lixr 26) | >771%. 41 ND 0.90 6
0.97 ND 0.97 ND 0.91 [(0.001)] ND 0.09 38

0.40 0.50 0.8B19 46 (.048 (0.|®4H) (23*10"")
(0.078) 0.60 650017 0.5410. 52 £55y I\ 0.61 0.64
0.83 0.65 0.94 (1.6*10 (0.354) (1.2*10 9) (0.215) (M
0.39 0.36 0.1F70. 35 O] RANT3618%) (@920.67 0.73 0.34
0.69 0.40 (8. V| (27 6410"16) [(0.522) (R
0.33 0.27 0.6 | 0.000 |[0.@26003 0. 019 0. 003
(49%10 4) ND 557

The two coding region polymorphisms in PONI presented substantial linkage
disequilibrium (r* > 0.25), corresponding to previous reports in the US population
(Brophy, V.H., et al., Am J Hum Genet 68(6):1428-36, 2001). In the ACHE gene the
promoter deletion AHNF3p displayed a significant D’ value for PON1 192 but not for
PON1 55, with low r* values for both PON1 polymorphisms. This reflects the
different frequencies for the AHNF3 and PONI alleles in the Israeli population.
Allele frequencies in the Israeli population emerged as being closer to those reported
for Caucasians, and different from Japanese and African (Table 6). However, even
when compared to the tested Caucasian population in USA, the Israeli population
appeared distinct, with small but significant differences in both PON1 -108 and PON1
Q192R. Particularly, the tested population included larger fractions of the lower-
efficiency promoter alleles in both PON1 (-108T) and ACHE (-17130 deletion). Also,
the AHNF3p promoter deletion and the H322N coding region substitution in ACHE
were both more abundant in Israelis as compared with US subjects. Within the PON1
coding region, 6 out of 9 possible genotypes at positions 55 and 192 were found, with
15, 19, 23, 11, 18 and 14% frequencies for the MMQQ, MLQQ, MLQR, LLQQ,
LLQR and LLRR genotypes, respectively. Most abundant were MLRQ heterozygotes
for both polymorphisms (23 % of the tested population). In agreement with previous
reports, linkage of the 55L allele with 192R was found. In this sample, this linkage
was complete: 192R and 55M never appeared together (Table 6).
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el et an the HNF3b transcription factor binding
Phagfpaeol oL 05 A0 wi ¢ h
Acetylthiocholine (ATCh, Sigma, 1mM) or butyrylthiocholine (BTCh, Sigma,

10mM) hydrolysis rates were measured following 20 min pre-incubation with 5:10°M

tetraisopropyl pyrophosphoramide (iso-OMPA, Sigma), a specific BChE inhibitor, or
10”° M 1,5-bis(4-allyldimethylammoniumphenyl)pentan-3-one dibromide
(BW284C51, Sigma), a specific AChE inhibitor. Readings at 405 nm were repeated at
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Further, enzyme activities were plotted as a function of age. Compatible with
recent findings in US populations, (Sklan et al., Proc Natl Acad Sci U S A,
101(15):5512~7, 2004), there is an observed increase in AChE activity with age (by ca.
20% between 20 and 55 years of age, R® =0.568). A similar correlation was noted for
BChE (R* = 0.531) and arylesterase (R®> = 0.710) but not for PON1 (R* = 0.018)
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appl i ed using Deep View (spdbv v3.7). Steric clashes

were initially resolved manually prior to energy
worRovs8z8s | on. Model superposition was done usP@mIReep00933
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al{ e 55 o leapk SHOM2R6. JH0RatEa M PYHErREE Seyid an
ind3B ' irPth $thdRbeduf8d degardless of th
mc%g\%lgcg/éeg Q%ev&?e%gw %‘%@e?&%ﬁ/}? ual su\?;\%?éeméx}glfjded fﬁr:gc?ﬁn ?Sr?eo .e
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cobergonlyyafh I at g 7Pt yi n paraoxonase The ability of

par agXOoRASHIy SuBIBREAREra) UADRR 65 Bhabed ptoderdPONL tvasants
identity of "the substrate and the genotype at the

he 192 |

proddéd therappottesity ofpredisting thet stawsturalr eftacs’ ofdhe bSpM fpbstitution

192 substitution. the 192R variant rRaLe004).
by sardsTigginest Bip Aing & (RERS Bl ROl FLaRdEEToRa Ba 1004
THYab RNt of POND) : BBIB 6codkOPBDAVeasethe tinmiax dor teafoligwing

and soman are better substrates fo 18286%@n ]:10(5192R
calogrtionseh divg | subgisatigreataprsitiams dr3s, sk K493 A ) were

hydrol.yz ; Yol f A9 1
oL FLAE PAENGL bt 47925 DRy i ety
privd 18 éder8? miZid@2dtionPMbdel superposition was done using Deep View spdbv
3.7. The structure of the complex Acetylcholinesterase—VX [PDB code 1VXR] was
the template for the docking paraoxon moiety in the active site of AChE.

The PONT1 protein is a B-propéller composed of six blades, each made of four

densely packed P strands. The entire structure is held together by a disulfide bridge

between cysteins 42 and 353. The methionine 55 side chain is positioned in the same

direction as the leucine, without any steric clashes with other neighboring amino acid
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structural analyses revealed a structural basis for

the substrate specificity differences between the Q192
war@sAZB vari ants (FIGIOB). The | arge and posPCT/Me0§4/000933

charged argi nine side chain at position 192 of
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denonstrated in FIG 10B. Subclassification of the
tested subjects by their QL92R genotypes supports this
prediction, denonstratiggsyfsye §ose- dependent
I ncreases of paraoxonase activity for 192R carriers
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hetefayf@ey dispitisblessagel ddpendins pleayed(R3 261586 AGhE57x +17.4) and
activity of 488 nmol/mn/m, simlar to the average

MM hamozyeeiss heyirdimpmasy (R 17 MO03ny09:Pox 1id 6yt seegesting gene
| i b .
dogeaaéﬂveﬁaélcaaxggggﬂgn%%ﬁwv&y@ﬁt f‘% ?%Sif A this age-
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whR L DadRele SR eEtudpl o BEIR wovpielion s Rl et lost
completely {dafSndl iSﬁ(WVI?% Qb it 1fnkeSol . hi gher AChE

!
activities than ose with high PONl activity (p <
0.05, FIG HB). No relationship was detected between

BChE or aryl esterase 2E€X5§ﬁ%¥%ynder sub-acute

pestici de exposure, A es wth PONl on

par aoxon i GeRbmpé bl Subsiate, @égisigf dtadfomiake f Or AChE,
(Ordentlich et al, J Biol Cﬁ 73(31):19509- 19517,

e

1998he abilatyph patporenage go é?&g&eo orgappphinsplptry depends on the

04 LA Bt oy Yol A BT, B

lar%eﬂy enI;:ﬂmt Ltrhas}q% Eillbs@ﬁ‘tﬁnt ghel 190RI vardane risidbdlgzes paraoxon more
Le 0 rylatioon of S200 in AChE. s active site

oIy Y P el Doy gl NS porBo) 472366, 1996)

whéR8d Hiazd RS sakifl, hid Rom&h %i’eaf)@cﬁar%ﬁéﬁqt&h 'lgggqﬁl\éﬁlﬁr é92R.

In brain and nuscle, such reactions lead t Crease
Phexgh Bcetate | anidt ¢héerpyitifes taxon afebybralyked eqpdlysweelbby Afthé of these

twd § 55 RISHEY IS Pl Phind BEYNed, SAAAS 20845 fora
structural analyses revealed a structural basis for the substrate specificity differences

between the Q192 and 192R variants (FIG.-10B).

The large and positively charged arginine side chain at position 192 of
paraoxonase interacts - with paraoxon’s negatively charged NO, group and thus

contributes to paraoxon’s rate of substrate hydrolysis. The interaction between the
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The ACHE gene yields 3 different C-term nal variants:
the primary one yields tetramers, the
W@ey5/0838%/t e- associ at ed one is not expected i nPEI/H0®/000933
and the exposureand stress-induced one occurs in
mononers (Sklan et al, ProcgNatl Acad Sci , 52
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correspAnd g 1-pive)pheayl reeistt (@ptsotiesaidhe samfeposition can not facilitate

: ' j X | 0- Rad) ; .
st AR M e W0 I HLE o8 Ble LRICRRR iy gemonsirated in
Fleic d0BdiSuficlssifidatiol@f deyekiyd sutdedfoby theife® IORR &HokydRs supports

2004 #1795]. 5 10 5 Mtetraisopropyl pyrophosphoram dpe. )
this; Rrpdieyipsh, demogsteafing gege doudapsndant itbsreasespiEparapynnass astivity
fot MoIREGHeRYFId. 1196 BChE from human serum (Si gma),

reconbi nant human”AChE-S (Si gma) and protein extract

fromCOS-1 cells transfected with an expression vector
encodi ng for the human - tein. Alternatively,

the resol ved AChE can b@%@ﬁ? ed by i munobl ot

anal ysi s. GeRbtypsphehstypd @bduitiods oy ACHIBAnLPHNGOdi €S

agai nst the carboxyl-term nal sequence of human AChE-R

hav eBplax dzenetypeplicnotypee eotrelatidmat werg albe fotust foi AChE. In
[ y : | f .an ropriate period of tine
ot D R L R BARPHF rh §ooee, Y prbRoter

detiohi ANNES® tvad aBR até viith [@R&thtivNACRP Hvefexpfelsibl ¢Shapia ef
secondarly anti bodi es. The biotinylated secondary
alg fym A9l Sgpetb¥ N1 ZT3B1,22400pby Is ithis sicrentrezmple s o of he four

AEFEP bR deiten R RuE el B3 480 P UBiRe R FleT Y me

avenige Spepubgtioni MP0C at1820 nidobmidi/asene01Nf BGRE. otdRbicadits had
with relatively high AChE activity presented higher
copgigerpalyofowespftany a¥aragea AGHE  achnisiee 289 f anse 16g namol/min/mi),
. i t ] Yook cat i
BRI ANL B0f, kI APl AP SRR b
su2geseyl: byothe 2diBitivAQ0E) ACBEh o (Sigive)strefs, tostdduindividialsumith low

P LS it FRnved, SRacRy hher ACRRHouvion Jon tbast b high
4P(VNI lé'btﬁgtyf‘(%‘)@bfﬂ)@,sFﬁ}.bMH??(_tWFQIzﬁﬂmEﬁlg wAsER cfefaflBA&H BChE or

response to the circulation and suggested that higher
arylesterase arid ROMNE . plUademsutcaduid pestisideaaxgesuye,r 8ChBotoatpetes with

r i_on dul atj ons g Ki pti ans, gl ve re..
PR SpREE IR, P35 0% P B, Bt i
et ahVEBidl @henONB(3 1R IPSOYL- 1951 519985 ay\bdihipdted REKGIoRi 0787-0!53 mM
I's i\\ﬁpr eciated that certain features of the invention,
for ROMN @raganoyy Delt & By, Laidds Nayapn Sehmigdelasgs dxeh Bharmacol,
3 g di Droyjded i . .
ke, 2090 LS Wd B LAY, o i
diethylplmsphérghtion e SEO0t e AChEENbdtDR, 58 (FIG. 11A) (Sussman ef al.,
Science, 253(5022):872-9, 1991). This, in turn, elevates acetylcholine levels. In brain
and muscle, such reactions lead to increased AChE activities due to a feedback
response of AChE overproduction (Kaufer et al., Nature, 393(6683):373-7, 1998).
The ACHE gene yields 3 different C-terminal variants: the primary one yields
tetramers, the erythrocyte-associated one is not expected in plasma and the exposure-

and stress-induced one occurs in monomers (Sklan et al., Proc Natl Acad SciU S A,



10

15

20

25

30

which are, for brevity, described in the context of a
si ngl e enbodi nent, may al so be provided separately or
WO r0oanys78tli t abl e subconbi nati on. Al t hough the PeOW/ERN4OI00933
has been described in conjunction with specific
enbodi ments thereof, it is gvident that nany

108558 T Ao AL s it oteR ACKE Gt anges inpfasma,
nafite 1gal @MaBphdeRETRIAC 8mPldyed Ubllowéd 3}1"@&1 tﬁsstammg to detect

nodi fications and varia |ons that f
ca@wmalyme@‘% scope of t he appended cl ai ms. AU

publ 'lgsg[{ e é’;c, Pg’tﬁen&’r‘?ﬁg at er}g%)ggp Afgc ?’Iﬁl % non—denaturmg

pol‘yla&@rldcnhld@t B€IN (BECRAGY: € chtalyleAlyP AcAV € dciolinkfi&iale was stained
entirety by reference into the specification, to the

ac@&ﬁ’@geii@t &t Kgangvskeaod Redisvingihafl (Skian, c%ﬂoi‘loﬁ”%t 8H0”° M
tetga%se gﬁ’l@%ﬁ%@ﬁ :fic\al R{ (EFIPI)? o déﬁ@? oﬁ'seﬁ%“ﬁhb%ﬁChE

Cdntrolsr mol‘uﬂbda gutified iIBCHE fiogd dumat serulni (Sigehia),| @0ombinant human
[ identjfication of any efe nce in this

it at r
AGHEBlSfoeed md RE P e QS el isiotien vl g pression
vebtBAEnOHMS f50hE hERGR A(%@R%&@%Le as p“ or art to the
present invention.54 WHAT'IS CLAIMED I'S: 1. A nethod
of adteestivaly, thearesolsiek iAGThE can be sisbjleret byt inmnanMIchnalysis

FoL S8BT BT R 5 SETEL DR OEPLR Ece o

hublaBNSCRER ha®d Bediededcrifa.t hqteqrﬁan)aﬁﬁg $hé bidtOwRh tﬁe Oglﬁmary
acetyl chol i nesterase (ACHE) gene, a paraoxonase

antiodly fopariapprepriaje periadotf] tias ansk ‘a@@u(gaemajucg @n@sp@mfac bmdmg,
f a r t S l e
b1dt91${£5ttésdeﬁg@%¥ dalgfr)lbam}? hagmg'g)?%nﬁ%) %geon Y ?néc 6’? g&nantlb()dles' The
blmﬁgtayécb Retdndest antiswly( AGiHe gtsualized Par aidRAIReanPAch as
ene, F&?ﬁ but yryl chol i nesterase (BCHE) gene, wherein

S H‘iaéildﬂb rphismis associ ated with a known | evel of
t r aifihe AMGHISTH r egeac ¢ 6f inhibi

pol ym%r phi gm llgﬁ%@ l(%]!n %Sﬂliangﬁéa? eg %‘ﬁ@s& 5 uﬁlé]%ltable
by siad-@NIBAe(dataf notr sliownniidedtaying 2he Presenvet dsfoBChE cBabjectd ,with

rel R il AR encPio EHFE e of PG ROl Smongraeri

fraBﬁ’érﬁO Pr@himEbigi Miadt NI ErmirtAyAnkHeIRE VeSsidnsdb %@@R (FIG.
human. 5. Thé nethod of claim?2, wherein said human is

11g, Cohemat arh, dr Moh Digurosci,ApH(B):t%¥h21%.2008p MBECHBdSigma), from

i, ST P ey B s SO o e
moilehfeeid AChE-Rai THiSsuppbrie@tte warkigAGpBihess ByexehdifgtieSA ChE-

the 1682
R feedback response to the circulation and suggested that higher values of AChE

plasma activities largely reflected gene expression modulations.The descriptions given
are intended to exemplify, but not limit, the scope of the invention. Other

embodiments are within the claims.

It is appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in

combination in a single embodiment. Conversely, various features of the invention,
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C/ T (P446) ACHE pol ynorphismin a human ACHE gene. 8.

The nmethod of claim 1, wherein said nethod conprises
wa@leasosi7egy a pol ynorphismin a PONl gene. 55 9. PdiaE.2004/000933
met hod of claim8, wherein said PONIl pol ynorphismis a

PONl pronoter polynorphism s30. The method of claim9,

W Sttt esibeT %@%g" 2 R RypE ey s be

paommlaﬁasly @ﬁﬁ%n%&ﬁtabigh‘ﬁb&ﬁhﬁlﬁﬁhﬁf claim 8, wherein
said PONl polynorphismis in a PONl codi ng sequence.

12. The nmethod of claim 11, wherein said PON coding

sequ I r

SubstopRe T RO R BRET BenRalt BF cEliitop, widy, speciric
embunmw theteaf, i it evidleny thatmam dtenmedtivey noalificatioasand variations

R AP o pRe LS8, b e ABOERS. s ISP, orpmbrace all

s&dtf ﬁﬁérﬁat?ve'é)?&@dﬁié%(;ﬂst M'gi Qé}}du@n§ tlﬂiﬂ'fﬁl‘? vREHE (&0 ggﬁ)ig and broad

sequence. . claim1, wherein s
seapehefche @ppmds@sla@ma ecAll mgbhctatlloeaaiatmquqba;um rappliiqations and
GBaPY b B alol S e T Bt Rl oifigbraced
i iseiPeMirehO By rEfebdncd GSoathd Jpedificakitf;, 1@ thd*hide @xfnfl as if each
PON162 17. A met hod of assessing trait_anxiety in a

indiyduglpublipasionepaient of patent 2ppHeationey GenBgnlaAeesssion apmber was
[ Y, i r

%%&ﬁ@é}?@ Q}ds Hﬂixﬁglllarlllysgﬁgta egsftonlge ﬂ?ﬁ%ﬁé&ﬁlré‘tgg hefgfrf‘ tb? %ge?ence. In

additibn acitationtor identéfédatiod &ﬁtar@&ﬁﬁirﬁlcb QnAEi?.Ea@d:xt:atibrﬁ shalllnnot be

"a reference sanpl e deriyed_ from,one OL nor e,

PG 4 4P SRHERR ke diferecy it avalablecasiprigifrt to the present

Mgfisa.n said one or nore individuals in said reference

sanple are simlar to said subject in at |east56 one

trait selected fromthe group consisting of gender,

age, race, ethnic group, and body mass index, thereby

assessing trait anxiety in said subject. 18. The

nmet hod of claim 17, wherein a higher |evel of AChE

activity in said test sanple conpared to AChE activity

in said reference sanple indicates said subject has

less trait anxiety than the trait anxiety |evel of

said one or nore individuals



fromwhich the reference sanple was derived. 19. The
nmet hod of claim 17, wherein said sanple is a serum
W@ 20810857820. The net hod of claim 17, wherein SBCTIIL2004/000933
subject is a human. 21. The nethod of clai m 20,
wherein said human is a healthy human. 22. The net hod
of claim17.  further conpri'sing obtaining test sanples
QL@MR@Epoi nts from said individual;
identifying AChE activity at said nultiple tinmepoints;
and conparing said AChE activity at said nultiple
t i mdpoi ntAsmedd of hssessightoadt mixiaty & asubject fthe frethod comprising

conprishng identiin 9 PQN activity i.n said test .
SamPrETdg 4 (e puple BOBRLRPIsh yersin sarl ot samplechppagises
DNA REPNaACRNAt Yrahddript I RIR@ANGRons AMR 88§ | ¥3@islih®HPNE an
or nore individual s"whose trait anxiety level is
acqtpighplinestgrasy h Ao dgeste, claai paraoxonnser t (RONEongenssi gd  a

' VN [ Vi in said test sanple; and
b“@%ﬂp%élﬁéte‘%éﬁ%@féﬂey%n said test sanmple to BChE
idetifying tay polpmerphédne ieReid BanFnglel e iaveshef felittednRof the group

more 1 ndividual s whose trait anxiety |level is_known.
copsistingf AR persyichalinesteraps SCHEY Eenve A DatsopeRase RRONI) gene, and

: g i L sl Lo .
a RIS r R (BCPED el i B pb Sor R s yes AR with o
knawhilenvel pf frait anxietfer ence sanpl e derived from one or

nmor.e J ndi vi dual s whose trait anxiety |level. is known,
WIS SheBieRire it SaeeBa IS Saic ebply ‘oS i ibiect has
safdNévdlrer B9id aeQeiy | Sing providing a plurality of test

sanpl es fromsaid subject, wherein said test sanples

are taken at different tines fromsaid subject;

I dentifyi AChE Vi in.sai. l.ur.al | of test
san‘%l' es; @%dn%g%‘gﬁlﬂﬁig reé%fe}lsf%e%fs?&%mﬁq' nor e
test sanples fromsaid plurality of test sanples;
t hereby assessing the trait anxiety in_a subject over
a péri od Tdr methed ofchainnd, svheraim said Brman i§ phealhy ipapni n
conparing AChE activity conprises conparing AChE
activity of one or nore test sanples taken at one or
nor é. t i mafheindtbodeff cbaim B dvhiervis tad homaais adixéagéd/human.
treatnment and one or nore test sanples taken at one or
nore tinepoints after adm nistering an anxiety
tr et MentyhedRethdd16f BN dwiidreinl stidMum 1WA&E Rkciian or an Afro-
conparing AChE activity conprises conparing AChE
Amgridagi ty of one or nore test sanples taken at one or
nore tinmepoints during an anxiety attack and one or
nore test sanples taken at one or nore tinmepoints

6. The method of claim 1, wherein said method comprises identifying and

detecting a polymorphism in an ACHE gene.

7. The method of claim 6, wherein said ACHE polymorphism is the 1682
CIT (P446) ACHE polymorphism in a human ACHE gene.

8. The method of claim 1, wherein said method comprises detecting a

polymorphism in a PON1 gene. .



after an anxiety attack. 29. A nethod of assessing

trait anxiety in a subject, the nethod conpri sing
w@e@3iosi7eg) a test sanple from said subject; i deer/if2gpoanyo933

acetyl chol i nesterase (AChE) nononeric fornms in said

test sanple; and conparingsihe anount of AChE

nmonqneri ¢ for in.sald test sa t he ampunt . of

AChB. mon S Ahetiad, 0 Q8ih 8o hesp i it EOL] A EmaER iy & PONI
pr(fnli&&lpypﬁn&?h{gﬁf_e i ndi vi dual s whose trait anxiety |evel

is known, thereby assessing trait anxiety in said

subject. 30. The nethod of claim?29, wherein a higher

amoypnt of, A rig for Id ' est. _sanpl N
comtl ea 16 RGBS, Wb g sufd 2N oiplp S PlRinGipgiom
a -5 GEPONY] -0 26 SICTONI, Dy bj108 T/T PON ESsbstifusivh i@ Ku@hy PON1
than the trait anxiety level of said one or nore
&% di vi dual s from which the reference sanpl e was
derived. . The nethod of claim?29, wherein said test
sanple is a serumsanple. 32. The nethod of claim 29,
whedgi n Tae dndtibd offorigine8) ewhemimsaidr BONdEt palymdrphdsomgs in a
n-denat uring gel el ectrophoresis. 33. The nethod of
Pog\ﬁa? PCAYHEYei n t he AChE nononeric forns are
visual i zed by activity staining or by inmunobl ot
anal ysis. 34. The nethod of claim?29, wherein said
subjléct Theamiethedn of 3dainTHd, nwhéreim shidc PN 3oding sequence

erei.n sai.d hu IS _a asi.a r_an Afro- LSan. .
ol ot Breard: 28020 ool i { bR PONT “Lsding
sedudged. i fying PON activity in said test sanple; and

conmparing PON activity in said test sanple to PON

activity in a reference sanple derived fromone or

nor g1 Ndiy| tyaj ' I dS i KO :
57 Vo bpiaha bRl {obheBRLEL B colpriecting o
polytiexmphisiiimg BEEHEgawt i vity in said test sanple; and

conparing BChE activity in said test sanple to BChE

activity in a reference sanple derived fromone or

mor q4i NAiTyk GhahSd ¥ 8BAn 1B 2vherRAXiAd BAIEY Polynfor ki@ bifects a

38. The nmethod of claim 36, further conprising:
D70GesvbstityfionyinBOnEnarcBCHE opding seqiedice.est sanpl e; and

conparing BChE activity in said test sanple to BChE

activity in a reference sanple derived from one or

nor @51 NdiThk dh@hsd \WA QESmt 1, akherdifiXdadd Yoekifddeborhpridel @éfecting at

39. The nethod of claim29, further conprising:
least two polymorphic pairs in said genes.

16.  The of claim 15, wherein said polymorphic pairs are ACHE P446 and
PON108; ACHE P446 and PON1192; PON1108 and PON1126; or PON126 and
PON162

17. A method of assessing trait anxiety in a subject, the method comprising

providing a test sample from said subject;

identifying acetylcholinesterase (AChE) activity in said test sample; and
comparing AChE activity in said test sample to AChE activity in a reference sample
derived from one or more individuals whose trait anxiety level is known, wherein said

one or more individuals in said reference sample are similar to said subject in at least



obtaining test sanples at nmultiple tinmepoints from

sai d individual; identifying AChE nononeric forns at
W@ 200d/08a18% | pl e tinmepoi nts; and59 conpari ng sai BCEO2E04/000933

nmononeric fornms at said nmultiple tinepoints. 40. A

met hod of assessing trait apxiety in a subject, the

nmet hod _conpri si ng provi di ngya pI uraI ity of test
ongfait é@%‘%fﬁ)@aﬂ@ gowp eensistingeifogondetajage. 1ase, eflpip|ggaup, and
lxﬂ%?m&?  at different tines fromsaid subject;

entityil ng AChE nononeric fornms in said plurality of

thereby assessiiigemit aangbtymngaid subfecAChE nononeric forns of

two or nore test sanples fromsaid plurality of test

sanpl es; thereby assessing the trait anxiety in a

subj gct OMRr manhBe rdf%ialﬁf 17 | WEereiftla hibAgr BRENGE ACECARIVEY in

40, wherein conparing Al nmononeri ¢ forms conprises
smscbtvphmm;@e Aompaned rfo eChz af:t@wtysmos:alfb mefersncersameple dadicates said

soB AP SR oo ien Bl R} EtohTRREL Ak i Bl g naviduats

ﬁém&ihlﬂﬂﬂékéféreh@@ﬁlp@é wadi@erbledmor e tinepoints after
adm ni stering an anxiety treatnment. 42. The nethod of

cl aim 40, wher e| n conparing AChE rmononeric forms
COonpyfg, Sesr}fe @cl@ﬁ‘% TPRLPATR i s]:uﬂ hILs Qfserﬁﬂlesaﬁfple
nore 't est sa en dt one or re tinepolnts
during an anxi ety attack and one or nore test sanples

it bk adhe method Abrieih ThoTisrsh ARAGTUERIERRBER ty 1o

state anX|ety in a subject, the nethod conpri sing:
providing a test sanple fromsaid subject; identifying
PON 2t i vitteyméthod af daisu®),edterein said inimay lmaéfbvm
in said test sanple to the anount of PON activity in a
reference sanple derived fromone or nore individuals
whosm®, st afl® méo@bclhiy ef, fushdsomprisiger ei n sai d one
or more individuals in said reference sanmpl e are
obfaiging dest sanples ¥ mupledimapqingg frP@e’éQtd ipdividuaki t sel ect ed

ge, race, ethnic
ldélﬁtggﬁy)\g;}]% %ﬁg@%gsgagcfth@gﬂ@{ et er ni ni ng
ccsm;mmﬁgsamwdlﬁ/adumtyhasa%d mnkiphd tymepbmtai d subject. 60 44.
The met hod of claim43, further conprising identifying
PON activity in said subject and conparing said PON
actiyg ty i RONREE it Y7 Ifﬁnﬁ&lcemgﬁan more |
i ndividual's. 45. The method of cl wherein said
subj idetttifying RONiactivity4s said lest srppleschnd f cl ai m 45,
i d.human | X heal

o b sCivi A sl e il PONE Rocyiidin D FerGiengs Sample

derived from one or more individuals whose trait anxiety level is known.

24.  The method of claim 17, further comprising
identifying BChE activity in said test sample; and
comparing BChE activity in said test sample to BChE activity in a reference sample

derived from one or more individuals whose trait anxiety level is known.

25.  The method of claim 23, further comprising
identifying BChE activity in said test sample; and



Afro- Amrerican. 48. The nethod of claim43, wherein
| ower PON activity in said test sanple relative to

wa@ a00d/0sBer ence sanpl e indicates said subject PGI/HI2004/000933
i ncreased susceptibility for devel oping state anxiety
than said one or nore indiviguals in said reference

sanpl| e. The nmet hod of clgi m 43 erein saiq test
C%ﬂ%}ﬂ@ ?égﬁ PO fest F%ﬂ? é%fﬁ&féﬁ%t@w.m_@ofegerﬁ@e sample
AR 1R bnCbahBeArdiviadhs oS B8R bhSkdeve RidloNnNg T est

sanples at multiple tinmepoints fromSaid individual;
identifying PON activity at said nultiple tinepoints;

d [ ' PON tivit 1 id | ti . .
e ne e SR i e dsleelin f gl b BRGPa ompriine
provEdi & @luralitheofTedt RAEpIs Funh S4id Gubjedty wertin Saif ltébt 8hmpMs are

of test sanples from said subject, wherein said test
takepp differgpitimegdsomapidsubjest ent times from said

: ' A A P ticyi j 6 plurality of
A AChE Rt B el g et B8 VS o
compainge AChEaapivitg dfrtwo sainebrpltest adantplesofromesiid phurpligsof test
thelreby assessing state anxiety in a subject over a
S3PaPBd of time.61 52. The method of claim51, wherein
CONMPHeldby alebbifE the Halnk REPH 2565jce PR 4 pRHo 6N ime.

activity of one or nore test sanples taken at one or

nore tinmepoints before adm nistering an anxi ety

trea nt -and gn nore test .sanples t at. one or .
nor ekﬂerre 7 i ogf‘fc%lalﬁ’dﬁ?’nﬁelr%lpicﬁ P&Hn%m getvity comprises
cOthPRIoFEACHE adivith st oiie o @ebre test samhplePthker\it&In@ioR more timepoints
conparing PON activity conprises conparing PON
befers agmipistering ga apyiciydreatmeniand app PerlofeREPamples fizkeprat one or
] | ] | ack and one or
B N e g
after an anxiety attack. 54. A nethod of determ ning

susceptibj|]ity to state anxiety in a subject, the .
et hed com Péﬁl‘?& qfrﬁvm%gwlé?r?@wn@aﬁﬁg AGhEGRtHY pomprises
. y . .
L A SR B horP Bl Yirhile: L3P onk ©F Inorp imepoints
duriing zmanpity eftackGing one orr widry téshsamples kenaeons axmpiaze timepoints
afgeri ved. Fri&énl?ne or nore individuals whose state
%?iné“flisleye PXi s known, wherein said one or nore
individuals in said reference sanple are simlar to

said subject in at |east one trait selected fromthe
gr oudd-condimetheroloissegemedrat aagisty incecwibject, the method comprising

providing a test sample from said subject;

identifying acetylcholinesterase (AChE) monomeric forms in said test sample;
and
comparing the amount of AChE monomeric forms in said test sample to the amount of
AChE monomeric forms in a reference sample derived from one or more individuals
whose trait anxiety level is known,

thereby assessing trait anxiety in said subject.

30.  The method of claim 29, wherein a higher amount of AChE monomeric

forms in said test sample compared to AChE monomeric forms in said reference



et hni c group, or body mass index, thereby determ ning

susceptibility to state anxiety in said subject. 55.
wab@soei’Bod of claim 54, wherein a higher | evePCDIL20@00933

in said test sanple conpared to said reference sanple

i ndi cates the subject has igcreased susceptibility to

state_anxi ety conpared to g id one or nore indivjd alfs ;
sarpple Guligpeoiad srhiest duminse traBGniRRE tiig o FeB sl Jpveleof said

r: & Itk tal ni : mul tiple

o B s TR R g R e, e

activity at said nultiple tinmepoints; and conparing

sai g,  AChE, acti.vit t id multiple tinepoints. 57,

ot Abd ot et oFm B, etk R s fsdspront fimde

met hod conprising62 providing a plurality of test

sanpl es from said subject, wherein said test sanples

ar e32akehatmethed of etaim: 2Hewhereivnsaid i ACHH manomeric forms are

i.denti.fving ;AChE. act i vi i id plurality of test
detg(%ﬁ%fl%lg, o 3%3613:%5%%%% 81‘3%%?@%5%?% vity of two or nore

t esB3sanmhe sméthednos adlainp B) &lhetein alic WCHE smuiohesic forms are
_thereby assessing the state anxiety.in a subject over
visgalged by gciyity stapings by fmauneblebepalysic| ai m 57, wherein

conparing AChE activity conprises conparing AChE

activity of one or nore test sanples taken at one or

mor 841 i e nretledadfotrin 29¢ whoiest siid supjeoh issnixineany

treatnment and one or nore test sanples taken at one or

nore tinmepoints after adm nistering an anxiety

t r eg5Mentrhe SPethdd) Of TBRAMOS4, Ofvhérledi HAi® hunihek &l Caucasian or an

conparing AChE activity conprises conparing AChE
AfecAimgricgn.of one or nore test sanples taken at one or

nore tinmepoints during an anxiety attack and one or

nore test sanples taken at one or nore tinmepoints

aft g6 an TaBxietod dldaeke9, GitheAcomphisitlg of assessing
traiit or state anxjiety in a subi ect, the method

conptansifiae HENaAcHVIY Hisaidhtest ©%@€al sanple of an

LBty 154 UPANE YorvRY §h S Rfék 1
COIIIDE%J&@ gﬁ%}g ol I ﬁ%s%aggé;%ggérgglg?&an% pacr ao}fonase %Plgﬁl 3amp ©
dedvl from ek at moce individiats wisd tekpnessi levelankidavn.sai d
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38.  The method of claim 36, further comprising:
identifying BChE activity in said test sample; and
comparing BChE activity in said test sample to BChE activity in a reference sample

derived from one or more individuals whose trait anxiety level is known.

39.  The method of claim 29, further comprising:
obtaining test samples at multiple timepoints from said individual;

identifying AChE monomeric forms at said multiple timepoints; and
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one or more timepoints before administering an anxiety treatment and one or more test

samples taken at one or more timepoints after administering an anxiety treatment.

42.  The method of claim 40, wherein comparing AChE monomeric forms
comprises comparing AChE monomeric forms of one or more test samples taken at
one or more timepoints during an anxiéty attack and one or more test samples taken at

one or more timepoints after an anxiety attack.

43. A method of determining susceptibility to state anxiety in a subject, the
method comprising:
providing a test sample from said subject;
identifying PON activity in said subject;
comparing PON activity in said test sample to the amount of PON activity in a
reference sample derived from one or more individuals whose state anxiety level is
known, wherein said one or more individuals in said reference sample are similar to
said subject in at least one trait selected from the group consisting of gender, age, race,
ethnic group, and body mass index,

thereby determining susceptibility to state anxiety in said subject.
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45.  The method of claim 43, wherein said subject is a human.
46.  The method of claim 45, wherein said human is a healthy human.

47. The method of claim 45, wherein said human is a Caucasian or an
Afro-American.

48.  The method of claim 43, wherein lower PON activity in said test
sample relative to said reference sample indicates said subject is at increased
susceptibility for developing state anxiety than said one or more individuals in said

reference sample.

49.  The method of claim 43, wherein said test sample is a serum sample

from said subject.

50.  The method of claim 43, further comprising:
obtaining test samples at multiple timepoints from said individual;
identifying PON activity at said multiple timepoints; and

comparing said PON activity at said multiple timepoints.

51. A method of assessing state anxiety in a subject, the method comprising
providing a plurality of test samples from said subject, wherein said test samples are
taken at different times from said subject;
identifying PON activity in said plurality of test samples; and
comparing PON activity of two or more test samples from said plurality of test
samples;

thereby assessing state anxiety in a subject over a period of time.
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53.  The method of claim 51, wherein comparing PON activity comprises
comparing PON activity of one or more test samples taken at one or more timepoints
during an anxiety attack and one or more test samples taken at one or more timepoints

after an anxiety attack.

54. A method of determining susceptibility to state anxiety in a subject, the
method comprising A
providing a test sample from said subject;
identifying AChE activity in said test sample;
comparing AChE activity in said test sample to the amount of AChE activity in a
reference sample derived from one or more individuals whose state anxiety level is
known, wherein said one or more individuals in said reference sample are similar to
said subject in at least one trait selected from the group consisting of gender, age, race,
ethnic group, or body mass index,

thereby determining susceptibility to state anxiety in said subject.

55.  The method of claim 54, wherein a higher level of AChE in said test
sample compared to said reference sample indicates the subject has increased
susceptibility to state anxiety compared to said one or more individuals in said

reference sample.

56.  The method of claim 54, further cdmprising:
obtaining test samples at multiple timepoints from said individual;
identifying AChE activity at said multiple timepoints; and

comparing said AChE activity at said multiple timepoints.

57. A method of assessing state anxiety in a subject, the method comprising
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thereby assessing the state anxiety in a subject over a period of time.

58.  The method of claim 57, wherein comparing AChE activity comprises
comparing AChE activity of one or more test samples taken at one or more timepoints
before administering an anxiety treatment and one or more test samples taken at one or

more timepoints after administering an anxiety treatment.

59.  The method of claim 57, wherein comparing AChE activity comprises
comparing AChE activity of one or more test samples taken at one or more timepoints
during an anxiety attack and one or more test samples taken at one or more timepoints

after an anxiety attack.

60. A method of assessing trait or state anxiety in a subject, the method
comprising determining in a biological sample of an individual expression and/or
activity levels of at least one cholinesterase (ChE) and paraoxonase (PON1); and
correlating between said expression and/or said activity levels of said at least one
cholinesterase and said paraoxonase, wherein a ChE/PON expression or activity level
ratio above or below a predetermined threshold is indicative of trait or state anxiety,

thereby assessing trait or state anxiety in the subject:

61.  The method of claim 60, wherein said determining said expression
level of said at least one cholinesterase (ChE) and said paraoxonase (PON1) is effected

by determining an mRNA level thereof.

62. The method of claim 60, wherein said determining said expression
and/or said activity levels of said at least one cholinesterase (ChE) and said

paraoxonase (PON1) is effected by typing alleles of genes encoding said at least one
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cholinesterase (ChE) and said paraoxonase (PON1) present in the subject and

deducing said expression and/or said activity levels from said alleles.

63.  The method of claim 60, wherein said at least one cholinesterase (ChE)

is Acetylcholinesterase (AChE).

64. The method of claim 60, wherein said biological sample is a blood

sample.

65. The method of claim 60, wherein said predetermined threshold is a

ratio derived from at least one healthy individual.

66. The method of claim 65, wherein said at least one healthy individual
form a part of a defined group.

67. The method of claim 65, wherein said defined group is selected
according to one or more criteria selected from the group consisting of ethnicity, age,

gender, body mass index (BMI) and race.



