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l m rnduarnu 
fxsp1te1he f:aet ,h I m.111) fiJ_r,,1_,i(i infc ci111\� h.ncbet:n 
uud1ed ,,•,irr a ocnmn, little ,s knmHI aoo111 1hc nm• 
lcrubrbHi.s •Jfinm1ci-Llub.r illld imirn:dluLir dapc11ions 
of dac c:111.j;;Uhe l>1s,1111sn1s. In p.ucJLul.11, few �LUdJ� 
h.11·e bc�li u11demakc11 m du1:id.J.tC" die 1mi:r.1.cti,1m t,,... 
twr-c11 1hc p.naii1ic m,>lccub :ind 1hc: hosi cdh :al 1hc 
11ud�r le\ I. VL<:t >11 ... li kn,:m1edge curi �\"Olmi, ni:sc rhc 
tr.1di1 ion.ii <..•>11-:ic:r,1 of it,uhn�cnoH (,f p.ua,1tic "'�o,ln • 
1 ms. h iuho uu� i;il fo1 u nd<nt.o11mil ng rhc C\"CII u1 ion• 
:uy/biolog, I rcl.1u1,11�hir l1<1w�cn p:ar:bitcs and 01hcr 
mi rtlOrgan i·,m5. 

7;;tl,1iru!li bdc,fl�\' w J. umquc 5U r1. rfam1lr(1f n1. n,J• 
1,:,d,:-s, ti1L 11i hi11dluidr:.1 (A11dc,wn & Ihm. 1981). 
. Mcnil-.crs uf 1hu �fnur h "" lltlLOIWCllti<•rul lifr· hi.�o-
110, .md :ue clm:dy li•QC�trrl "''itl1 tlhc epicl,rlfa ,It leht 
dut111s pJn c,( �heir dC\ cloJpmc.nt.11 qd · Thcr arc ci• 
rh« 111,m,,xell�•Lh ur hcrcr,y,c-Jtous. :and :w1ointr tic,m 
c.l.11 0 t,;llf '1 lt.t., 111:.11\' [10[ follow "the bw u( chc durd-
1:igo,; l;irv.i" of·,. rn�rm:io 11c:in:u11tks 111 die mf«tfon 

(If 1hc." Jt'f'in i1ih h, 1 v. h,:;rc d,c, 11 1m1lrq,I) 111 I trgc 
numhc rs (soc Wrigh1, I�- 'I), Llcpc11dang c,11 cvndn 1,111s, 
,)me fo:malc:\ Qn �,,her 1'r()(l11cc �:, c,r Ian� (CrL"S 
.--r .iJ., 1crs1. 'C\'Clill �pccic,. �h(,W an um.1:till • I . of 
ti<, 1 pccifi icy ,e g. 1hcy ran liH· 111:mitcl,:, m ◄li�tina 
d.1\� ol \'i.:1td11,U(S, M.inr �C]('.5. wh1,._h r� hill.hly 
�th•�cnk, ,rn;: 11f grr:11 111i:.:hC1I ;mJ ,·crcrin:uv 1mpor-
1.moc. 

•1 he S,. 1aario 
Amc,ng th� 111�hindtid 111:-111:11 des, 7H,.hinr.l� is c,nc •>I 
th: moi-1. att'rui,·dy ,t,,died gc:nu-.. M,:,wc-.u, ,he �iit' 
,JI rhq;cnm;, :uw thur,1111"1fit� \.i.ri, u� "�St:obtd' lm-r 
,cm, iuc<l fllfO\l:fSL�I 11mil rec<'.mly. Tliit, ,� nuc Ill thC' 
Ld. c,1·d1uinc1M: 111•J1phu (,gi w cilllf,1 .... crn. n th,:h.u,i, 
ofchc g�n� (Mlttl� i1.k111ifie,I h • Jlk,1.)'llle :m�I :'11 , l'miu 
,, /. (I�.!} trocoi;n i .. c-J fo·e \ii I ,tl 11ccie;; l.c.. TrichmrfJ.v 
,pm1!1.f wm, urutP, T. p,�ukprr."rJ. T. , .. 11it •·• T. bmur•1, 
;md T.. ,r.Lom [;ach poc1cs Cil.11 be KPJ!r.ltrtl h)' bic,l.:)g1 • 
al p.:mamrm . h1 ihis l'S9>• hrw, •.�r. only the m.:1in 
camrer; of1hcfin11wn SJ'L-cics during ch<:irm11 le pll;l)C; 
<, t lk·vd, ,, p 111 en t will 11,: Ll I ct.Wed. 

Wh,11 Ille the umqu�· ch.11;1 1cn; c,f T. 1p1r.1/1r. rhi� 
11�m LOOI!' i.2fl mnk l r•:i tiC:&II\· all m:1mmals, induJ
ingm:.lfi11e "I sai. Ir,� :i. m1Jno:to..·1Kill\ p.n.n,11e rh;u cm 
di�cmin.nc ill prot;,1:t11Cj ducal\ within 1h ,•e11eh-1 ce 
l1°>JI, The infccti,·c•,r,1 •(' bn·,1, \\inch ii C'll..-::a�ul.utd 
i,1 h;;»t muscle, is :1 fo r-io;u 1;: l.ll'\PJ., /'.fier cn1r.m t-: 111111 

.:a mJ111m.1h.m h1.>1t, it will undrrgc,d�·dopmrm in the 
�m. II i111i.':\ci11al ep11hd1um ::u :m atii:plirinal s;pc�J. 
111 nil 1in!� fou i 1i111c), .111J bccc,ming rhc .1.dulr .m11:;(' 
w11hi11 36 tmur. pnirinii:-i,;rtllfl (hg. I}. In rhe- in1t-sdnc. 
Tnd1mrll1 Ii, wi1l11n sh1• C)'lOp!,1 111 nf cpi,lu:li:al .xii-. 
1 l)11nn &. \'(tri&ht, I •)�5}. "11, fc111 I� wom,s pw,du.::c 
ncwb1m1 l.tn-.,c (N� I ) (fifS1•s1.r.�t· l;m.-c} iii- MhJ11 .,� • 
(i d3y� po,rinl«:tion. lheK IJin�e h1i�1.11c co �•ri.,r�J 
muscla ill i.11rM115 �ions t>I rlu: body (\·1.1 (,loud ,ir 

pcritonc;iJ 1';1\'ity) v. Im� th� mm�l(1rm 1hc m11sde ,dis 
inm a J11!'\\' nrn,o o( �Yncvtium kn,,Y.-n a,; t.hc "n11rsc cdl" • I ... I • 
umplcx (J-'ig. 2). � ... h c,Jmpl�, whkh iHncap�ul�cc-d 

IJy, lhg 11011� filtre), i.;a112CCc•11111,o,bu: lH nuny::i,; l,,ur 
W•Mffl' fU & Kl,, I �••l' }, Ir rq• cnl � hni1.,-d, �If . 
su�c:rinin ,, aml wdl-prot(',. trd h;il,itJt. \'lf:'irhin three 
1 .:cb JM-1rnn la:ci,,n. the NBl. grow mw the rr�•Kious 
inh:• 1i\'t' ,tagc L,n .1c- wi1hm11 n,ouhiuty 17ie�:niul pn
murdmm , � the 1.Jrv ch wdl dc-, lopcJ, ,111,:I che- s.c:x.cs 
can he "'t.11am1ru. TI1cn: h c:ml�· ,1 mild i11fl:11m11.2uir� 
ropcin . duringlhc musdc-rh •,:ol wnrm i.k,.�I rmcnt. 

T. ps.mtlo1prmlrs is morph('ol �ic:dl) imil.u 1n T. 1pi
r.1H1 11 nwc\ er, thu lipt'CJCS, wh kh \I. JS ( riginaJly rC'(,W• 

�rl'd f11Jm � �cc.1ull, Prorton lot4'r, is alsn infecti\c ,o 
(,i Ills (1'";,1 rbvi. I ( 72; SJLimil"f n .. ,, .. I �n4g). Unlike T. 

tfi,uli,, i1 Ju<-, n<'•t elicit rhe fomu1ion of nur e i.:dli; in 
mh:o.:u.:J rnm,.lc: ·nw inf�rri.-'t!™J;;t' lar·,;adive in .111on
srduJc:J h.1bimt i.c-. the �1tc i, 11<,t 1:1�&;-Jfhul.n<;'(I, u 11J 
d1<: worms Clfl migr,Hc alon� the: 111y,1fil,res while�,� 
lllf, vmu,tlly no inlbmrn,11,>ry rt�)(11).u;. 1)11, to rh{'se 
,li/tcrc11 , p:ualld ap<"rimrms h.ucd nn c he 1i.1to pc-
io 111:iy hdp ro identity t� kq· molccuks {or mt'ch;i

m,111\ i1h'(lln-d 111 rt n�formint; chc fuoaio)il� ,,r rhe hu [ 
nm,. le < r.U • 

,\l1ho11gh ,mhindlQ•i, �.1v1Cld by ·,: 1pir .. •l11 i� rcmt• 
111,111lr d11i.:un {'JH('d, Lh� fim QC r,f humm infr·...cir111 
h· T. JtJ.Nlibipmrlu Wli ,mly rc[X•n� m Nr:,.v 7..cJ.liind 
i11 1')91 (A11,lrcwi rid!,. l'.><J-n. Smee 1hcn, num(rolll 
e:,u1lm.-,aks h,1\'C t1CCn tCfhUtn.i iu Tlr.11l2nd �ttJ Rtwb 
Uon(;'1U1i\\o\':,; rt;:/., 1'198, 111ft,rm,11iun fi,,1111hr: lntt'f• 
nuionul Comm1i1,ion ()n t'ii hrndlo,is), Rco.c111Jv 
CbunB & Ko (191l!J) .ruto..�folly ...lone,.i.i p<'cifk �
cu10ry/sccur,1f)' J.m�cn (,fT. pin,dllipt,,1/u, whi ... h CJn 
he ui;cJ Ill Jiilef(ntiJI J,.ignc, h. 

How Tri.·birlel/Jt do� it? The v.orkin� h)1101he11i, 
Trithi,irlla l1,e5 in cW'O pr�cu·•>Us, dpwni . lly un�t.11• 
ble h:ihimr� i.i:... the inrc:m1i.1l cpichcfium :mJ cri-;urd 
mu dt'1. l11r: m11, 1Ql e1>irl1dium is rep�,:-ro e1·c • 2-4 
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J:i 1. \\:'c ,m, w·uhm ,r mtt t regul 111 • mi.gr u:· lO nl,'.\\ 
.di u mk l,ci11 • r-' N;l \)II\, W'i 1h ,h 11mph� :rnd 
lwpcrpl \J.4 QI d1c pub liurn, 1hr •J ,aln} anti cc,ndi
ci, 11 (If 1he di::,. I, •rmcm 11urJtr� �ire re acm"('lv ub
J('.Qc:<l 10 Jra.m lhmu.i11t1m (Wri1;;11e, l 'J8 ) .  l n rh� mJ-
red musd� , lhc w ,,m, rr .al� n canih � h1«lcd 

m 113LJ ITIJII dlJni;o du� 1 nm 111Jr nrr.K11on /�· 
Lu-. ti,:;,m. I hi� rs J pm: 1hc t l ,h  L mt rion wirh 
fn lmu:ll.1 ,, 1,:-.,d tc 111,q, r tt<lui:..lloru m n1cdun1ca.l 
rn.:,,, " ,rk JK•WC'r ou1r 11. :rnJ fo1�11c rcr1UJl1Ce • I 

mu lcs ( ll1u,,.,l.)()(! rt nl , lo/16) lr1 dd11u,n. m bmh 
l hc 1mt'ltin;il .md mu�uln h�biuni. ,he p.1ni , ,e i •'1> 
11 expc:,SC'(f en ii ,c ho:.1 s Jcfc11re J 'l[�m 

I 1ki,; , th  r �;ar.bito. . h l'l1 ,)I <le\>t:loprncni ,.,f 
fo,lmrll,1 ri prcc1K-I} , 111pa1rn r.-ntal; i.-d, cffi u:nd 

mr,,1k.J rc:i•ul.u<'J, ::and \�ni.rcd (ns I ). I his i r:ac 
cg} n c,hr,; •mc: 1lic 1,cn,cs1d,)1t 0J1l trnp� by 1hc: 
111.1p1i1�ho�1 . 1,1 ri..t,m I 111 1ing.1,l, r1,11i II li;a�1: 
t,., n C\'• I l-d 1,} numpuLuc ,he: h,�ile lw I cm11n 11• 
rne,11, tlul\ cn�u1i11g Ii ghh :SULccs.d'ul r:nc c.1f w,irm 
survi,.il 

I 11 <!Un:ul1 r 111JK,, I " ti al. ( 19':1 l .mi.I M �J .1l 
( I  9t1 1) priJposnl a \\ oong hn,mlm,i , ,n the- JI(•  :<i,hle 
mcd1.1111 Jn\C' I 11 1U'l{;lccdl rcof�IS.ltlo 11 b) rn J 11'1 fk 
'I he h,T' Lhc i� \;u; i 11i1illl ,,a L-d on c,bstrv n� the 
rrcscncor ot 11 1:as111c tpm,1pa 111 de th hntc11rc:,pl11L: 
m or111 lei . 1 rl the: r11ul,rd ks1 m i n nlll � ltn \.:X• 
pt• urt u.., t he- c-:,;.cr mr)'/ min} (ES) pr,:>ch en ol t h e  
mtei:11\c cage lal'Y.lC:. I [tJN:'.� r, �,th 111urc rC"ccm iinJ-
111£,i th,: hyr,,ch IS i� n,r.,datied as • I ,m . 

l Ii HI\�\ rm l musclo h 1 1f1Jr,1lt d ci mu r r 1  ' 

,da,nJ froo1 1t11ndes hv r 
flJ 111.l .. ob1ll DI •�11� 

S µm br: cell tud � rf-An-rd h 
i ,µ w-u ruoo! w ft I lTl The 
,oal fci the� lur dnic � SO\-! In. 

l•H mdcp 11dem c,'t'm 1.c. 1;-.:11c:r.1I tici,><.·ttcr.uiwlft'• 
t:,i:ncr.,1i\'C! l'"C:SfX'R 111 niusd , 111J )rKX ifi� ,;11.angc{�) 
m 1hc gt.'flnnu �! ro.,tun 11f OJ)'(1m1.. I i I he 1\1 ,,c•,·c-nri 
ue 111t•c.it.,ri:,J l,> a w,d. 1x wm o ,�i«itic dK rc,r 
ffl lt1C11I \\ �II h ini (IJitdh j 11 1111W rr• (lc:\Hll)'· 
mg chc C'.X'l)Lmg lio 1 eiwi r,)111n�11� . 1md nmm,amg a 
f)-lr:tSllk h h11�1 I lie: cfT«:eN 111,,l..xul � o«Ur in [hi: 

ES pr,Jdu.cu , f die tim. ,ate lsn c. ( m cvcm leiJ.s m 
l�l\e 1.lis.solu1 ,cm , I 1m 1 1br�, m}ntubc t,Hm.:n1011 , 

rinu,�i , niigrarttnl o di\ i 11m mu�lc bunJfo: .111d an 
g,,,gc· 11�, ' I h ,,chc:r i 11V{1l\'(•� ru1Jin I .ll\L hramlornun 
ni. leu1k 1lm.,ugh ,he nudt':ir memb,.111e mr,> hn>er
rmph•� rn)11nudL'1 IN) UJ co111nil ,hi: lm;i.croru <•f 
tt1c h I l «lli,; rhc p.anm1 Ill I ull":I Ill y bn:Jk/bmd 
h-:,u DNA, air I, .111J regular� •en )mlC orrC:\)1011, r• 
I�, rlu: :I I L i.; 1� . nd In  mtfo�c- th.: �rn the: i of ,1 1m'l 
rn m..- p,ul�· The �JCULlll l)r 1 '1(· dfect(1r mnJocuJc:s 

1 rl'gUliitc.-J a ql,(' ,.� 1rm gr,")l Howo1CJ1 1hc lnlity t 1 

CCOll:,,111 ISC h11 ,[ mu, Ii, iJ fl: [,tlOL-d rM•LlJ;h•)Ut chc I j re 
o 1hr lu� o.:, l"\' n 111�1 <l�dopmi:nr 1u rhe mfi.: ,,,.c 

[�. 

l:C-.i.r1m "�hid, Gill n-e � rnnJd, 
111e ho) ri, 1 h c:  7,uhmd�/5 f�ml ,r: box Ires m 1hcaiuh
,-j� o il,c: a,n1p..>,i1ion t ht'.' ES pwdu .. .  Th�•. onU1in 
1hi.: ,l.(hp1i�-c: mo e,culcs 1h:it an 111 ,Jul,uc 1hc hcl t's 
e,1\ 11011,ni.:nt. Unf. uun:itef} , 1he 11lLurc f die f_r,; ,,IL)d 
U l {l mchindlu.h i, poorl> U ti I ,,J, ,l1hi d,n r 111 
m<•lrcules 111:l) I aa:tt,� 1 ,.iric,11 ph.1� l' \\1Jrrn 
.Jt"l,·d111,mc-.u. K,1 • \'\ ,mg ( l  nJ fo11 11J �h [ me F..\ 
1mg<'n1 (rom p1�--cnc;i.ps1d.,r� .and cn�p.mb,�J l.u� 



d 

\'Jt shc,wNI dific-n::nca m SDS-PAG'E. vrotil� .iml in 
ml5s-ruah1 tia "''irh ht.!1m1li •S,•Jllli 1m u.sc:r:1 in I Hplc-
Anubo<ly ELI.SA. L,:m· molc-atlJr mass fll4•rdns dmni• 
Rlllt: rhe for met ES rrodu,,s, .111J d,c ;anubt"JUC pror. 1� 
1�rr1lrf,..,, c lr:.11 11f the adult V."t+inm ,tpmtc-d by l\fl 1 

Ycu ng ( 1 989J. R1::x:o.::mly, we h.1\·c idcnrifiL-d .�nd d1.1n-c-
1cri�J &.:vcr� imp,manr m,>lccules, whio.:h rn1r lie 
d,.>Sd)1 ;usociircc:l \..ith rhc 0111plic:ncJ pre�, f lH�U 
r.:dl reurg:111 i,;i.1i,l11. Ahl rcJuglr 1hr!i 1 ;a, 1u.;1l 1,iglogi I 
fu11c1.ianJ hive not l,c:c_11 dlK umcmc-d, 1h,: pi.}Ssiblc rola 
iire r1iscu."M"d bd,11,\ , Th i  provid� rhc nmcwork for 
furtlwr ,[mli��- Hc-pdi.11ly this brief rC''JCW will i-tirnu
l;m: morl;'.'. im('rcn £In rhc m«h.1nisms 41( ri�1e a,,nm
�tfou by ncm;nodcs. 

�i1c- r.1.r'llc1i n. anJ cmr:ince 
... I - I . "h • II I . _.. l"oCdUII.Ol.e► rc �'CI) f,L�tu Ill 1)1UUlt�h1 f 1(:11 LIii• 
f'r.rrni r�ICC1e1 l IWUf".W1lrg.1m .il,,11� 1hc-ir miir:;Ul)ry 
p.irh :JI v,uit,11) ph.1.-stS <it d�"t'lopmi:ru. rhc 'HI� c.l i" 
1pfr.1/iJ is rn� 1>rrophic. and th(:)· rcJo.;h lhorri�rc-d n1uo:
cks nuinly \ i.1 Lhe circubrnrr sym:m, l lt.w,L"\'1.:r, thl:)· 
on ,1bi, :arri\·c t c� tire by d110.: 1 mii;ro1cw11 \'i.:t tht
l;ct1rn11�l ca\ hy. NBl �"'.(111M '1'°,uilf be (t'r • �red hrJ1tt 
the: fX'llWm:-.il c;ivi1r by Witshing wirh s:.ilinc-, il111owrd 
b)•L�uili.Jg;irion. -ubcuunrou,l)· tn·ecra:1 NBLL'1n :ii.so 
pcncuarc:, :md cnre1 ma111nnlt,n or :11\/i::an ,nu�dC$. ' l'l1C! 
r-.TlH. ii r11orphl)lo1,ic;i ll)' rrim i t i\i;. � 1 1J the i1ucro.al 
)l ru-.rur� :it( pattrl} iliffeft'.nri.1 tc<l. \X'ithour !an) Ill,', j. 
1)•u�:scn or}' Jm1 cure 111 1hc CC'Jlh.ili1,; m otl1(r r�i,)11- ,>I 
the- hod)', wii� 1 11 the guid.an c: :O)�tc111 11-;cJ h) ·R I  for 
u1c findin�� 

AldUJut;h ,1 mull �rl't'n t,lf.t' ot NB I . fflil}' nm:r Nhtt 
tissues b\• �cddenc (m c:ue u( hcJ\'Y inl"'---. iom), mt,-.1 
�,i.JI r-cat:h 1hol;deul 111wc.lcr;. lu •.��•c,f tl1is; 1hc \\'i.1m� 
hlml fdl,.m• 1in dli .. ient ,11111( 1 \JK• i i, rn;irhr�i1e tcul�• 
n iL i 'in :5)'1tcm. One- pc,s;ubilit)' is mint;., l1i;.1 nJ-«i.f[ltN 
sync:m chn hJ.1 b�n 1Jc.,p1ed bf wmc rw1uw.1 f'or 
02mple, CtJJ'l"lfv.•ruiwm ,Mn·um � :.i �I) L•)pn:1cd 11 
(of> �o kD.a :t< U l1�1td fut � hc,ul 1cu:pl 1 ) r  in't'11hn:I i11 
,u t:.1d1mr-n1/im,s.i1J11 ( IJ.111,..-,, rt ,11! •• 19r18). ;11wrr<1• 
l�in (Cr) (.3 is .1m)1hrr wdl-kn,,v.-n receptor im1,tved 
i n  rhc inv111ion or l.<ul1m,rm11 i n c(, mJcr<ip luses 
((li;1kr.ioony r1,J., L9,8). A 1 7S kD.1uytlm)l.j tc-l>i11d
ing rrocdn (t:BA l75) mcdi.uc.-s 1h.c 111\•.1-.it•n uf /1/.1i
muuJ0Jrfn /1klp{J r'1.lm iu t,1 -ct)' throcpn (Sin, ,, at,. l �)4: 
Ili,b11 ,: ,1/., I �t94) I.i\cr• tl'C.. i fiL lio1:par10 �11IJ;h,1Ic 
prnt,:,c,gl), r,� ( HSPGc• h,H� bt•rn i111pli�ctd in ,he 
uu_gccing of  spomroi1cJ 4,1f malariia inrn tho.: IJ\�r 
(ShmbJci & Fre·-�n. 19�16). T1j'f•'""11r1.i ,..,..11:.i :uaches 
:111J binti( r.:> m:i111nul1.3n cdls by bi nJi11s p.u:uitc rr:uu, .. 
\i l i ,:J.,�e to h,�c i,1'_, I r«quors (Hc:rren " 111 •• 19ir4 ). 
�bfc,r urfuie g,lyr(lprore-ins, irrduJing chc SAR)- 1 , h�\� 
b«n idenriiicJ as T. ,'fflri hg.1 111J� oid11: m,1r,111)S(•hrnd
u11; 1ptt,cei11. 1'h� binding of m:annosc-binJing pr,Jrd11 
tr> rnkrt'l(•rptthnu f.ta1ir.tt� their upr.akc into ph.ahon• 
c-y,ic orl Is {Kahn rt ,,/. , 191.1(,'t. 

Ku R k. P.l ,.t,_ <'.JI n JU. 

Althou};h s1 ag<'�pec1ii l'lorf. :c.: .1n1igcru .rr� \H"II 

kn� n tl}ocrur an m:any 11cin:1t� rnmt prl:'1io11"'�ud
ics 11nly Je:ih ,� , r l 1  11nrr1 11n11l1,gir.: I p«•i. H•wt'\-cr, 
lll 1c:re 1s :i 1.oss,hi l if) 1l�t �)me urE:1ce rn1leculcs m.1r 
cn'c � a lig:1 11J in ,h" i niual 111v;1sion pu,.:-e�. And

gc:rn with molc:rul.1r ma�s .,j '..!:i-ty1 kl)� h�\'C bet"n 
reroned un r he cu1klc: of 1 l\ l. ( Ph i lipp rt ,J/. , 
19�0.l �81). I c wnuld lx 1,1onhv. hilt: r<) iK)l.atL" a11J ickn• 
1 if, tho! 1.11rfa1.c rttul«ul ol NRI.. ;11nd t{' dctt"1mi11(' 
th�ir l ig.rnd �ning po1m1 ia.ls. l1Kre .1 re numcrouupc
i.:ilk rrccpnm, :ruotiJ1ed wnlt Mi:dn.il mmclC':S e.g. n ioo
rin ic :aL"'l!tylcholine. :alph.1-dysrrOGf}'-'·""• 1lihydr"1•) r il:lmc, 
rv;m11dmr, Liroidt.kmi11 82. o . (Denni., & Plild •• 1�•7; 
1Lv.L�l1 rt 11/., 111')7: ,\) 111.ud rr rJ., 1 �3;  lin1(>rl:tl ti 
.,/ . . I 11<}6: I 1,guern,11 n al.. I 1J%). 111r:ri:- ii ., pm\ihilil) 
1h.11 �,n,c mll)'.kh .:t� .i nurlu:r 1111ih,"(1 1  lc:. An}' po�iti,,� 
hnJ,ng rv. utd rc111�t a m:i 11f rc::p forv.Md in P:tnt!il• 
ri>l()g_:,. 

I�.1m1..:cinn of hon ci sut:s 
Once ch� ltlfl;c'L h:u bec,1, loarcd, Nti1. pH•�bly cnt<'r 
tl1c 111} 11bro I, :a omhinatinn of mC\.--ft,in, .11 and 
du.'ff!ical mcthnJ.s. ll' i njcctrd ubcuunc,,ud ·, NSl. .m 
pcncrrm� rhc �rolcmma qui1J:.J�� Ahlmugh u11: cn
·) 11lC.\ �rtrcxi l, • 1BL rut\r 1101 l1ct11 �tudic-'.J (11111b, 
ahl)• due 111 11:d1 111cil 1.om1 1a i11tl. 1,ro1�-..a.� h \� been 
l� 1unc:I u\ 1 t1r l:S pNxlu..,l) of 00th 1l1!' 11dc:c1ivc: 1Jlgt 
l.uv: r: and .u.iuh!. ( 'ri.wo•l�r11dio t.t nl. 1992; Lu & 
K,,, f')•l,i ; <le 1\1111U•. crr.1 rl 111. , I 995a,b li,d,mw;, n 
al.� 1 119": l.2i, I '196). u�in� il,'t'l.nin•�U h I nnc d.cc1ro
rt111roi,, di"\1mimt(•II) r1c1,ca-;c asS3p, :affinic�• hr(�
ITT:tflltT.lrh)' • •  111�1 m 1 ;,,,, cuhur� I id1fT�rL nr dura1i, 111J, 
Lai &. Ko ( I  ��4) and Lni ( 1  !J?Gl nu rcJ ah,: p•ei�•,11,>c t•f 
alkaline �rine pr •t� oi • � .and "7 k!)� .111J a 4; 
kD.i. 1 11,;r.1111.l•prine;i_\C' in thr.: f.S pmJ111..ts t.f 1hc infoi:
t in:: 1-t.i1"5.'J l.m-x or r. rprmhs.. Sainc p!l}lr'"JSCS l)rf.0 nd 
5 1  kD� Wttc zls,, ob�r. ed in 7: ;,w,d.r,iJw.tlu. ('rhc-1 
1111hwH,l}- L,,t11.<I -l,,1 11dri1 M rl ( I '192) .ind de J\rrn).v 
Scrr.1 f'I al. ( 1 119".i) .ilso rcpQr1Ctl 1hree p1,Jr� r.f'35, 
62 ,111J :?J-0 · l .1 in T. p1mh Arm.is:•&:rn1 ti 11/. ( I  �•)Sa} 
purifrcJ rhc J'i kl).i pr,:Hc-� wing c,mrimwus duriC1n 
dei.: 1r,�phc_,rnn, � locz,1n & \'\1r;mio, ( 1 1199) , cr<-•ncd I lie 
pre_i;cna: of 1.p1dne pro1ei1t.1.\e. 

' I h;;: pm,e:i� ntl)' Ix- in,,,l\1,;-J 111 1t.c br�ng d 1\l'TI 

11f ,he An::1 1.Jc,1nm.i, Some' m;,r,�• al!',!] m: 1 5 RKJumn �If 

d,c cn1r;i11('.t inm hem m11sc�� .as chc :mcullo-pwri:-...1w,, 
G1l

1l}.j, ul LL111111ftJ1m,1 which it well Jrnown IIJ rb,· :t 
ll1Jj1 ,r wk in  1hc imracdlulilf im';ilfon or rn.uroph:tbf,',1, 
(("..h�ing M .11. . 1 98?), i\ftcr che N liL h.a,·c �rw:u:J ,he 
tmn.dc dlJ, d1 · p ro,e,sr.."S n :ilso .u:1 ;U 1he ·douu • 
1kc mol«ulesw 

(I) ,,�, �he UC of  hmr u,$l� . 6,n one 
r�marLhJe phc11omc11011 i �  1h:u the: •dl",minf up" 
mcdunh:m h high ly �leictl\'i:-. Thr: myo11udd, whkh 
I,)' ,11QV; tu,t b«omc hrpcrrrophic (l (N), 11,c nor <le• 
IIHO)·cd m,ut arc n:c2mc<l (oJ conrrol du: lt1 11c:ti(1nins t1f 
11hc new p�r.uiric lubmu. TI1c I LN an: ronumr.1100 in 



1hr lc,,lll <>f :i iii) 1111ibt·. A11 ('\ it1r1i:, qut''>tim1 is how can 
ihe 1111 l«:.lt n1tn1l1r.mc nf 1ht J 1N .. dt11\1 ml du: . dion 
of c he 11mcc-.1�. If I ht 1 1 11derlying 1ncd1.1flUJn is kn1 l'lvn. 
i ,  ·wou d l"\'C �:.m dl'i:cm,c dicn1Qtherap�111 i  rntth,� 
b].· blod.ing the fonnini,,n <• nll.l!e cdh :a1 the �in, 
ni ns ofirs dC1.�h•pmcm. 

!1J tiil.rYI uJ i.•r r1it-o cxr�1imcncs tbJ_,cd 1Jn mu.unu.s-
cul:at it1j.::'('tirt11�. impl.artt,11i Ill of 111ini-o,nu,dc rumr, 
d�l 1wn mi,.ro�tc·,�,y. :i11d tdl cuhutt.\) hn� �ho\\n 1h:n 
rht ES pr,Jum oi 1hC' fim ,;ig" I.Jri.'2!: of 7!'ir-?mr& 
c:.in etici( mnrk� lriicin� ,1nd 1i»11� tN1J,!i111ts.twrn m 
mwcl (K11 rr •. l. 1 '1..  ; lo1.'"IJD,Fi & K,,, 1 ••�n,. I nc 1-S 
rr0Ju1.:Ui werc- r>·rn�ni�. Th-.:;,·cq-.1!.tl i11d11.;x: 1'1.: lllt}hi, 
lc.;ici�11 ,,r U �,·idc: ·� qJ 1111Jnl)llmlc.1r p,..)l)·mt.,rpho 
11udc�r .. ell�. Some cdl, \\"tte ohservtd ro c111a mmdl!' 
l,uiu.ile, in ., clu rer. I he d.is-:,Jluc",1n o myofibr,:s m 
,n;i,11)' 111 u le hm1dle-s w:u O'.[ffi\i,·i:-. Tht :audni,111 tti 
F pr0tlu0t,, ' "  d.1)' ; culn11 ..:- c,f prim:11y m:,�tt'.li UJ• 

duccd ,dr.1\d mu1plmloi;i,�I ;aml rr11 tur I ch n�o irt 
mymuoo. l )i51in, 1 oodu1ur 1m1ctun-s WC� r.HmcJ ll{ 
mre1wls afong rhc �lender myorubt.-s. f!,;ld1 no<lc bare Ii 
p 1 1 1n1i 1 1c:nr uudc11 � .  Hi  ru logic21 I .i11d 
,m11111no� 1ul11,:.1li�.1 1 r•in 1 11,;fa• h�,"(1 r,-..'L:'.lkJ 1h;u the= 
nodr cont'aincd brgc cwi11es md11snl by .in im.acc ,:1r
e-0lcmrn;i.. l'hc c.J\'iut:i indkmcd 1he r�uh r pJl11ec:1-
I) ric d1gcs1fon. C.:oculrnring 111f•K)l� �i1h NB l  <•Juld 
ilil, indu,x \imil;ar ltsfota. 1h:- s,111."0pl.r\m ;iod �MC4)• 
lt'mni:a ho1h hc1\\rJ ::i .s1M11g flu<u�ccricc \\h�n tC'At«l 
by JFA i"ui 1hc ptt.M!tt.Cc ul 1nrl,i,uJIA 1: , ugcm:, 

The imri�11ing qu�ri1t11 i, hcl\\ 1�,r. f 11)1t-:1"ic: • n �
ltarn·ly d 11,-c."51 1hr: ;Jf(1)J,l.i\n1 DUI not 1 he !'.atcol,:111,n;i 
,,f 1hc mmrubc. One �.,1,IJtiorr ii 1 1,ar rJ,c 1111 14e,.1\C 
r«,;g,1� ll pccific m.-cproron thr urbCclJr ,be ntcn:' 
br.1nc. 1\ltei 11;uh•dy, h m.iy bt highlr :.r.11b H�tc- r�iht 
lrN.tllh 1hc .Qro( 1itl.1un c.ftl11: mrmubd Sm:h prmcrn:1 
11-i�,: b«-n rcptlrtt"d in Sr.f,i,w1r111u1 m:mwm (Mckeuow 
d al. I ,.18'-) .rnJ Pl-x,m,.,111, ,,r f1/.ipJrrM1r (Cooper & 
BujwJ, I �><J.2.). 'IJ11� forma pJrcilt' 11roduLc-s Hp�1l1c 
c,-.IUt-'i!0:1!,C dM (mlrdL�\•i.:<j (1llbgcru 1)1 rht· IJ.l� fll4:ll l  • 
ltr.1 1R· b11 1 n,,1 rhoM: of che inrersrm.1I !.Lru� ru rc,. 

lksi..-1� pm,�',;\S(: r1-hmyl.a�ni 1�e h�!i ul�, �en lt!un� 
i 11 the ES pr,Kluc� Ct r. p1,.i,l,1 rtn,11'!. l nJccrir.rn �•t ch 1s 
amine imo dlc glme.:rl mwclc ul m1i;e �ultcd 1n de
gtnmti,� anJ rq;c-11ca1h'e' (Nnt'C)i, Thm, i1 �'.Ii , )so 
irnpl i-.";;'ICCtl :i� 11m: uf thC. lktun thllt amid i nd111.:i: mu�• 
de rrt•r,1;.ni\:!r1no (Zrnb tr 11L, I 1)8ll). 

Cct1111ro 1ing. contrullin,g, rq;ul,uing. pn,nitie 
lubinu 
' I lie ooruuu ... ufln of p:ar:u111c h.1bit"1 im'(1h-o com• 
J,ticatai ch:.ant'1-ii «• rhc oriJ:!,im:il he, r r1i11KI� This ti 
inirfarcJ :and mtill:a(cJ by .:i hr:u:ro�cnuut- m1xn11c 11f 
•ct•tUtrueti\·�" elf. 11>r 11l.f1l«ulcs sccrc,C1,l ,and rq;ul.1tcd 
:zt ,•;ui,tuuui:;C"S ofbrv.J Jr:,.-clo1•rnem. In the ES prod 
uru of boch 1: ph.1Ji1 unJ "E )•J(tu/rupimfu, we lwc 
dorumtmcd f.11 d1e fim t i  me the pn-.\Cm..'c t.1fhc-.11 shock 

pr,,rdns 4 i  DiP�J , c:mi!,nuclustS, 20J DNJ\.t,ioJ111,g 
rrmci11�. ' 1 '11C)-C rmr dinxtl}

' lll imli1t:"Ctl ' be ih\'tlln:d 
u1 tbt" pnk:a.'- of nurse cdl l('rr11 riun • •  ml in die, ini; 
• lit ho:.1 �I I cycle. 

H�.11 1l:m.k fn>UU:$ 
Using L-[) S J  1ne1hionine l..bdlins :and SD - 1-,.\Cf.. 
:tutoradk•i;�phy. !\o & r .. n ( 1911{,) ti ii:rnwrcd I hJt :u 
jj3t"c�, the m2tt,1r I f�Pii in •he St•m:.n. i, t:xff.11,;t� of i: rp,•• 
n,{iJ \h.lL �n. '17, 50. 7t), 8(j kl )J, 111J i Ii 1hc l:�S rrod
ucu. I 1 ,  ·iS. 53. 64 kD. In T. p1rrulwpmil1s. 1hc m.1jor 
I ISP,. in 1hr: 1-0m,1t.ic exm1.ccs w�re 2U, 26, J I ,  4i0, 5J 
nJ 8(, 1.D.1 ;, nJ in the f:S pru<lu t.<1, 1 1 . JS. 37. 4 1  and 

61 klt 
H r 7(1 is one ol rhe mo�t ( ,m m n C:•Jl15Cr.�d 1 i SJ I 

m t'Ull:U) ,>res. lr:s!iub�t:uui.,I }'nthci,; in 7nd,in�J"1 mJ} 
hne :1 di�ti11c.c irn1,1ie;i1i11n, H J1 70 h2s been ini.:nmi• 
n:1 1 tll .1u '"mul�"C 111.i r  ch:tpcn1nc" which c:an escort ::ar1d 
inRutnc,c lh!.' oonformuwn mkcn by pro,�in�. 1hU) (;i,. 
1.:ilmuin_g 1hdr rr:2mpc,rr :i.n(m m�rt1hr:rnt'll, 11ii� i� �up-
1'< •'.l<�ly �rrial 0111 br h)Jr1c,rh,,l,j intcrt1(fltl[U lxrw�n 
I ISP ,111,:J i,s c:hngc: (NC'\\"pNt rr ,r/ .. 1��8: l'dhJ.m, 
l '18R), M ·r 70 lll.1}" r�Y :i mle Jurini; ,hi.: t"J rly pha.� 
of 1i�suc �O\'ll'iiun by fold i11g l )NA-11,inJing t!fil'Lttir 
snoleculC'I cc, fl cilir �ri: c lu:i r  l!ilrl\f:"1n l\·i:ii �,,1ti:r rnrd11• 
nii.m�) in111 th� •mri;cl ID) nuch i. 

l}/\'A,,mulm.� p'1"'1mns 
1 1 1  .1 prdi111in.11y 1m1�ly in <•ur lilH,racol"), Lrufi¼- ( 1 995) 
lt2\ oh�r.�d ch;.11 ,hi: !:" produ,;t� bind� co rh� c:.df '-"" 
nnm,i: nNA. in So,nh•wa.u-:rn blo1r.ini:;. BmJ-shifl :ur 
�f u int;•' r.,mlom :rn mr, c,l ig(1nude1.i,ide has :Jtu\\n 
rlw 1 �irr!,!.lc l"INA-bmding �pr ... ics is prt!.\CJll. Mm\-«:,,•�,, 
1ln· l)NA-himling spccilici[)' ,uf 1hc prokin h low as 
tht: nonr pccilic lOmpetitrH p«.•I.:, lJI/J ) t: n dTC'l..,h-c1y 
.iibllliih 1hc: DNA-bindm� ,,( � pi.;,u:in in  b.-u1d sh iii 
a.ssay. A DNA•bind1ng of Ji111il.u rnobilir:y ·w.u .alS(I de� 
11."Cli:6 in the ES prmlur.:u 11f 'l ;mulo pim:lt'$, Rc:cc11tly, 
usi,� muditied c«hniquc, we ha�lt Ml �ful I)• doc11 • 
n1cn1ro th� pr,Kncc ol 0.1',;A-bi1 1di11g pr1l1am i n  th� 
l� f'ro<lUeti 11r the IWI) fti,.hincUids (P.Jpcr in ptt:pJI'J• 
1inn). The: presence 1lf DNA-binJing rrorein i11 1hc 
ES proc.lucu mrmgly l>Uf.&1.."n , Im thc.1· ltU)' pt,r .i mil• 
i ,r T11lr: in nuxlul.uin£, d,i= Cl.pt ;}il)n or musdc gi:ne"S, 
whid1 ,� ,lac It� 5lcp K•liUrc.J rvr ,wnmucting mJ 
n1:1 i 111aining the {'Jf,hitu.; h;1birnr. 

lindo1111dr,'/Ji'"J 
lkC?'mlr, �ingle- and d,1Ublc- trn1dc.J c11d1111ud�i.� 
hJ\ I'. been d�nh>rut1ared for d,dir5t 1in1t in  d•t· l:S proi:1-
U-.;t eif T,/, bmr/l, ( Milk & Kci, 119;)). ·r he finding 11'1 
tnd,:mm: I�� in  1 ht'.' ES proJu1.1:. «l u pa r.�,i,i,. ncm.1-
rode 1 11.iy h,m: br, ,�J biolo�icil imphruuu115,cspccullf 
in 1 lrc: pa1h,wr1csi '-'' i11 1 12 d lul» im�i,m b) lltulri 
cd I ulu ori;:111 i�m,. h rm,-i<les :1 nc,,• per �'I,;,'{ tivc 11(hmr # 

lf1,HJ..'iire i •HC'nlllnns :11 elk 1rndc:at l�"'cl. 



(I 

The Lknthlc:•l-l ;111ded cndomtdr-.n,·($) ol 1rt l•md/,1 
i, C•.lllCIICC 1101 1 •.)f ' I 1(. \'w i l li ,I 11H lt('fllll llftl 

nd requ i r  Jr,-;al("[I I  1t ir.n � ,1 olm;ri,r Ir� l\'11'1,' 
can Ix mhrbnc::J br c� 7..n • 10n. I 1 \li-..U detcrn::o.i nmnly 
m tht' E.S produ...cs ol tht' mfecrn�11 •e 11I J ipu..-:fa 
oolledoo :at ,-� :mtl \':l> p1�c111 111 mud, rn lie, 
11noum i1 1  i;tm1•1es ,:,l 1cd 111 J t c.1ml in ,he I :5 
rr()(fo � uf /" p wlmp,mlil 

·1 h(' pr, pc:ruo: uf th<' J ,uble-�1r:mdoo endo11ud� 
o!JT. sp,r. rlu il1ff'er (mm Lho c,f miln 1o�l-d1 , .. umt'n ced 
,:nJonudt'".llC • Dn;J.Se I-like e11�\ 1110, whi h dq;, d� 
clironw.,on12I D, ',t du 1 111t, .1popr() i\, i re J, .tlr:rn 
GUILtl1 depenJcnr :a11d re 111�d) 1: 11 II ILCUtr.i rH 
(�1$1.'.h rt .ii. , 19")]). I) .1 I I  c1u)'tl11�. whi h pla) :an 
i111Jl( lflilfH r I,,; in pt.ipl•ISI\ �t.11 \ ,I u l i  rH op1 1 111uni 
md rt di,.1kn1 c 11i m imtr, .·11drn1 (J\pp2r:- 1u, rt al , 
I •171, 

The- r:n,lonudea5� Trs, l,,,,,r.fl, m •) h..,,·c- 111ul11plc:: 
tun ll•Ul that 1Yt'ail hmhc:-r m,l i rhc �1i1 rn.:n.;c m 
chi: occurrmce of end,�nudr-.bc bcrwet-n T. IJ'tralll .and 
T. pie,•, ' ,rmrl· may he c,,rrd IC'J "'"th 1ht: cl,frcrcn e 
in  1�d1,,grnc.�i� b wi; 11 1he: \\ ,r,ns; T. prm/,, IM" ,1 

dr.i nc: rc..•f!;,ilnl'imf1n of mm.Jc cdh \\ hcrc.u T. 
_riJl'ur!,111m.rlu du� n,n. J:1-<imer ( I  LJ l) .sugg�tcd 1h:11 
11mscl · mt,�1ed wHh T. sprr,i!rs re -.:·,11(i:neJ wuh , 
1 ,!u 1irn1 111 tt111 �t"rSf!r1,;rl1 i.:;rm• (';(pres 11111. rr1 l 11J 
m� fih11l1 i r  pmrrin , .tml 11m le:: rr.1ru, 11p11orul ,1 r,-.rs. 
lhC'�tnr(', , he: o II r; n ,. (1f C'n J..,,., m lG1°w r)lll) m 
w«1rm 1h t cm ,trm mrr,c c-dl Ul;l;i::-.ri rh.,, rh m,11-
«ulc ma\ pLay en, al rol<' i 11 h(, r c, U rnmt ,rmi
r1c,n. 

Inc endonude� m.ty I 1] bt' in,"Olvrt:l I 11 rhc ar
n;:-1 ol 1hc i ,1teacd ,nu� :.t i  dlr.'.' I ,2.J.\t rh� 111 chr 
, I I  cn: le. to:)'inhni tn Ju11,e1 ( 1 99�). 1ht: hvpcnrophic 
mr la uf rnur5 Ct"llqu rlibh m.,i ,,c.1111,cJ �r I i.:t,m
pl<'mcnr ltf DN Mw:ck ccil mf("(uxl � 11 h J. tp1r-.tln 
ITTe.!iWfX'lldrJ I r hd ,JIM ph.1�11rrhrcdl cytk. 111C'ft 
Ult' 11u111cr LL\ ICf n� II\ du: lutri.mrc ,J1,-v.� i ns 1hat pcr-
i ctnr cl, 1 1l,I · m·.1 11dtd l,�:,'h m hr�rno,,,111:.al I), 

would n r nnly daahiliK" DNA ( ooumrn&, i r ,:.e-
nnmi ch.mgr�). liu1 could illb.o le.1J c 1hc .mcsc oi rhc 

2. cdl q le, and l:'i mu,ill) Lcll Jt:.11h (l\c11 111;:rt n al .• 
I 1 ... ; lfartJf[ i'l ,II 1 [ ':J< �). Fmrlirr er ll\,\i41n� ()11 thl' 

II � t: c: arc: •hen l,c:I,)\\,·. 
�id the b<hi.'. t h  r:11,l1im1 k,1J� ,.,j Tnrhn·dJ., 

nuy h,:r a,.r p thct�11 lkrr.nmn nr n flm
j)MI!llil nd AdM!tpJ.mn. 111 rby ii m1c- in dq;r.ad ins the 
ht:•!>t �n11mc- Jylli�1.1l.1tm� nude�" :at1J m�r ,bola m. 

11d t: rt>Jtrn� Lh rom,.11om.1I lc<'ru.uons (H.1>r,,11 1 r1 � 
Ro,;end1,1 I ,  I er l: Rr c Rt,bcn.s. I 8 : �t . 1 1 1011 & 
Gflgu�n, I '  >; Br.: mijl'1U1J I n 111 . I �r}. 1 lic-. nu) 
bch:an· l ike the c:oclcinudc:a\C of l·r\lClll l�rr \'lrtlS 
wl11 ... h I ro.irlN nudtc,uJ� rnr DN \ yml u, or 111-
,-oh•c- a  l105r hue ff fo 11 u, 11 :u In herpes ilmp!cx \111'\l 
(T'lt'1&)1 11}' ,., al , 1 X I ,  Knk()t1:111 & Re-..id, I ?'1 1 )  hrr
rher rnd1�s on rhi' btl)logn::;a l  fu 11r.:uo11� o l  1he 
c:nd, nu � of 'Jr1,l,n.r/'4 m:n \'it: rl , me 1�1hM1111 

1-Jfro ,,,., l!(P.1t n-JJ tydt 
Trid,,,"IJ.· m · iitroc mu.scfoodl dt"tl 11i'rrc11r1.:nio11 l\e--, 
1Je III lul.mn ilie ar ... 1111,xrurc I 1hc I, .,.t ... d i ,  111u�• 
cl(:); 111fecccd wich 1 1pu .. !JJ he ,\ .111 in� r,� 111 I� m1;il 
�� 1�1 • h, ph.it,ll r: I \ t•) .i tn·it) ( I mn r, ul , J 'I I)). 
l ln�rnmphy ol ll1< rn}• ,mcl..-1 ,, :i S6C1J.lr:d "nh .an 
1ncre.ue m mch .1ctiu,y Tr.m�r1rw111.d cm-e 1 1  ;arc 
r ht) numrnincd ::11 ..in .-ppm�1m.,1e 1N c,11nplc111t1H 

ofl1N I hh �1s. 1h,11 1r:rn1i 11JII 1n tC\.'1r:d 11111:.L'.lt"'. 
1i.-c111cr d1  llC)-d�\\ith DN }IUhCM\, 1 111l 1hc nu1 

lh 1n: ,o�pc 11,lcd 111 ,hr: l,U ( pl,;i, c ,11 1 hc di � I 
(Ji 111 r, 1 • 9�) 

Itr • ',Vl,i ,lr o,1, ; u  I th· ell le mJ 1h cwnin I 
di1Tcr� 111i.ui,m l ire- m11111�ly r:1:dwn1c 
R tm L,l.1n nJ 't'SI J ,o rh cen-
u-al n,1 in 11, , 1i rhi J pmh Lt} due 
1,) 1hc cfo, corr 1w11 lxt\,ccn 1he l11gh le�cl ,11 
h1•p11phosph ,ryli11L'<i Rb and mu il itTerc111i:Uif1 • 

,. n 199(,• 1L e1 .1l. l ). w 
l� I ng Uitt.r rm 1 11 !-<' 
t �� Liltvc in  d1 w�nmn Rb 
nr 111md,:-s, ihco::p�>i,111 Di" m\ ,g.:mn Im 

iu 11 11rn (1�.21 ) o u11 r 1hc o1l) !I�}; ei• 
i-,,,1. t i n lhm�rr. t Jr 1h:rc111 i�1111n m .g. 
lll\'<.um hra,.,- ch lu�rci.l 1.. l , 

i, tJ," .:.<: I C) le , ,,/., I lm--<lrpcml• 
ern kin:t.'iC1, \\htch rcsul r me p <' cdl ,:vclc 
, i:a phu ph ,ryl.mun oi � � (e •. Rb)� 
1h,, mo<luu1(' 1hc a ,rs ("ik:ip�k 
rt ,J 1 9')«:,), l e  15 c• 11int l:i 
nase m rhe ES J1K1du1..:1 .1/JJ 11 •�\ Ir 1m ul,, •·�I m 
rhc .-.. ·-cmry c,f the h c ( \tdrn ,,, al. 19'17) 

Roc-eml)', \�,, & rnct <;• 'J &k. , 1,,1 nudCJ.r :rn• 
t A) w11 h kl ;a (loulr u.J t , hos1 
<:di nudCJ1 lw ru apm'it T.. 1pm.l11 1m1-
cc111 . A  mon o 1 :llrut .1 defo oo tp1101,c 
uf W> :111:i, ii,n,1 J 'he 111htu l111p1·J 1<� 
<lcr trm inc- rhe ml in lt!g11 l.11ing 1h  c:dl rhrno-
r> pc: of the m kcc tal mu cit', 

/1u rwr ,ur,I 111Y,,1,i,·1 rtYUl.tt,m 
I.tung • Kn ( I  ' 7) <-•l, en i:.:hl111 I rrodu o 1H 
ml m e .. m� ugc: UI"\ C ppc;ircd rr·�blc (I ;iflci..rmg 

rhc c!bd pmcm o prrtuscd m}•X\CCS unda m rum 
<1onJinons. hom�r . nJ ITI•.>ri.:; .!il<'ntler mvotulK"S w..:re 
1,,m1cd when E prodw:u \h:rc .iddeJ 10 d,h � mmdc 
11hmi:-. N I  rl: for,n.11,on \:H li;o mhib,,�d pc u 

tmvc o pl I n-1111m I ti, 1 I· prodm."h cr11 , tum n<w'• m: 
rq;uu1ors 0J1 mwdc d�chpmt"rU. BIJu l 1 <J9.z) ug 
•e.<;tcJ 1h.u po.sm,-e :rnd nc�l"C I g1 1b 1 ,us m,1.Jul:irt:-
1he d1ff,ttnr,.uron ol m•'Oo I tnC('I mf•1tuh� TI1r:-
� ,,111cr rn l11,li: M)o l I ,  lll)'il& nm m� t- �rid rnyf. ,  
�h1c.h .rrc fJN hinJi11 pr0Cl'ilru h.11/Jf1£ .1 tieli.: I "1' 
hd1:c monft ll�\·1 ft .I . • 1 9  > 11 :!:) r i:;111 ( ,1nscn 

11 \CC111c-11crs ((' S· I I •d 111 1 '1 rnli I� ·eno :ind en-



h::111,e rh� prodnc:1ion nf n111�..- �pr .. i lic rri:,rcin:o, in 
tn\·i:!lt}f��- Snm� o�m"t' rc-gul,w,n (\'.g, d�11wphi11} 
ire :i1!0 DNA-binding pn.1tnm. Li ndh rt 11J. ( I '19R) rtr 
porml 1h.n :1 o,wd 1iu:l•urtJ1.: gcnr, u_l'i ,  whi1.h �hiltr:11 
C1)mmun rro�rrtt!!i w i,11 11�.1! 1\e rcgLd.n,:us, .... �.11 pr<"t• 
etcnii;illy ('.Xj1�..,cJ in  the mt" 1i\� �tagc lih':ll."4 

Anod,\•.r inrcrcr,cin� phc11omc11ort i1 rhic c�,•1 rur
i11� wM1 NU .irfX':ir to pr1,1l,,n� r,ulma111 i2llr rhc �ur
� ,,'ill time (.1bnm {"7 more .Ja}•�) c,f rhc my11111be; in , ul� 
111re (l.cun1:, & K,1, 19LJ7}, Uni:- ro�hlc c,,:plin,ll il•n � 
rluc iu che p� .. 11.:e 11fNlH., dt, myocy rc:1 �1\\' ,1 :,,loWi!·r 
1,r,, vi Ii ,.,11;. The rnlu1: non 1n mtmbnlic rlcrn,md m,1y1 

in t\lt11, ptt•klllg che J.U1'\i�� ol 1lic Ct'.lls 1 111,icr ulrurc. 
,\her 11:11i\l'I�, ll\:i 1 1� N liL m.,y pmndc Y.>mc susc;iinmg 
�L m rh,lf hdp ,,.. cx,cnd th<' l1fo sp.1□ 1(1( fllJi.lHrhL't. 
i\1."(1mling to Md.c1u�an { 199QJ, the bu1 1 1�c11e�i5 , .. 1 
nt} ,mbc.'f> in H'rrcbr.it.-:s i gr , ·rh fa nr dq,mtJC"nJ 
Som� f.u:cors �r� rcq1r i1cJ �,,1 mllimr.:11 ncr.� and 1cp,1ir. 
[n mi .. c1 the\ indudt inmlin, ettci.;hobnr inc.s 11nJ 
rro\l:tglaml i �s (f 'lu,.cr. l '178: 0 md I et ,,,J,. I �8 ). 

.Snh�i Hc11,;-� J.nd prot� ion 
StJur,""t ,,f nutritmi 
T. ll'i,,1/iJ li1e,; in ia wd(-5o:fudnl lubh.r r, l rid�r !Ill h 
cr,r1d11if)1r , l,,M' c2n 1h� l�n c obr,,in m111i�nr ? On<' 
tll the m;1i1M un tiun� nl 1hr nurx cells of T. pir,1/wu 
to sun:ain the lill"'\"M ,t1..".Co11111H1d.3m:I �\i,hin r:hc c,-,m
pl�. ,\ un1, 1uc r�mn: ol 1hr 1111 l�C <1cU is d1.1 t ,he ')FfO
plumic rL-'gion is n.,t scp-u;,ttd lrQrn 1hc . vi,> con
u1nir11! rhc \\Orms by � mcmlir.ilnc I.A'\" & Shi'l'�rs, 
l fi871. ·1 lie t;•roplmu h full 1Jf mir,xhc,ndrfa , i:ndo
pl.1.unac tt"tinaliun. IUrd lL"UCtlJf)' �-cs.ides. ,md conmiru 
Ht{lnonuch·.u l."dls .i, \�,:11 a1 t\l.'L• "1\C', of nuclei i.�4 l [N 
,r11J un.211 nutlci. The nntr:na of the �,�11:1r,,. �>a11..I� 
rre rrt•b.1blr d i,dwsed .J i r�tl) i 111u 1he ci�·iry. J r  ii 
JWl lrnuwn wlw:ther cht- wilnru ml d irC\;d}' nn tt1e 
rnpfa1111, �,r , lie �t:tdimts focJrn th(: ,-csid�. IJt from t lC 
1.,1ood upply ofthc lK,�1. I t  rhc for111c:r is d1� mc:1ho�I of 
d1nii..'t', lhcn thc:rc mtN h� 1 c,J11ti1111111LS, rq;-cnua1io11 
Clf tht depktcJ c::;rnrb�m. The fi1ni:tinn� e.,f d,e {WLI 

types uf uudd .u-e :1Lrn U11cerr.1ln f-lN, .,,.hic.h re m� 
(lrigiu.il 111ui;cle nu lei, h�i·c hccn su�c-.m:d N, 111:ty :t 
rot� in rn.r i ntarrr ins ,Ire ('Jl:lem.i,·e- t"Ild('tplanni rl t i  I• 
lum imd in .KCR'lim1 i,110 d,r �;, t •lJ'l:nm (�e rrt af, 
19'l1 ) • • , he:,· ITTJ.\' hr tnhJl,·oo ir r initb1i11 ' nurSt' Ct'll 
trnmui,1r1 hn:'.au� the:�· 1111:: die e.111h• 11 1H.:lci �, 1he sicc 
when , lie NHl. 1��1,;l"5 thc:- ffl)'<•tihrc:-;. Hrni,o:."\u. the 
\•flg1n aml funr.:tic,11 of chc small nu lei ;ire u11l:11ow11, 

\Vrit;,ht ,rt 11l, ,( 1•  s•1) .rnd fwu h & l)apornrmcr 
1 I c-19 I) ,,b�n� that .in ebh,Jr:J. fl' 11c-tw0r t 4.1f Morid 
\ sd\ wr r ,nmJtd ti� nur7IC ei:lb ot "J: Jpm1J,1. K, 1 ,rt irl 
( I ,19. ) ll(Jlt'J rk,1 imrodu ... tir,11 or l: produi.:l.!i i lll(l 
nuucl� or mi c ci1ltrr I }' injc:Lti ,n <ir i r11pli1ttatitrn of :a 
n1ini•cnm,11ii: pump {n1dd �!so induct angi,,gen�i 
B,i ruch • Or::,p,c,n1 1nkr l t t  9 1 }  al\u susgc,.cecl ch:tr thc
\\'mm migh, i11Ju.:-c .111�-,ogenM ciirKtlf thrriugh the 
c·c1e1i11n (1t1111i,1ue 11rridu Cj, o r  imli rec,lnhn-,ugh rh<' 
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prtxluai1,>n 11f h,:m-tl�m't'J :u,l;iui:;cnk(, 1011. R"·cruly, 
� • 1po ,rt 11/. ( l e>� ) fC{•(mi,'l'I da.rl 1h1: \"a}:(111 r pn\\th 
J;11aor Y.'ll Up-l'('.gul.1 rcd v. i,hin thC' rm� l•�ll during in 
c;uly �T:tl:i,r.! (rf Jc\clop1ne11t, A corm.inc .u.ire of hypnxi;i 
�11 W.ti. su p�•sc-,lly rri�ma.inr:d. 

The irt:111.rrnry rcte C.'Ul brin� nuuirrm t0 rhc mH� 
cdl, :11r1�t , c-mO\'IC .,,, .�5ll' products from , he w·om1,;. 1 l &: 
Kti ( I� 6) ar,d I i rr .id, ( I 9':.l�) rep, rtcr.1 rh.11 in T. ipintr 
H,, :alr li('lu�h irnmunocyu,lot t i�:i,inn smJio rn'Ul('(] 
ch:ir F,.S .1mi�m \\C:le lo,;iliM"d wilhin thl' nurK cC"U 
,,.,mple:x, ,uh,r.uni� lt'\'cl� uf cht"\C' ;rn rib't'ru rnuJJ be 
dnrouJ in pMipbcr.11 bloo\l �t \"J.n•>us p,triod'i pos.r
infco..1k,o. [A ",s;rnJw11Cl1" 1 irnr:-�rc<,>l,·ed 1mmun 1l tJ1lrc,
L't:ncc- .1�y (lll!Ll•I,\ •> l<'m) w,1s ti-.ed}. f. �tr1 igctlS 
rn ,h.d,ly t'II tn tlrc �cnn-al (ir<.'ril.uirin \ i;i die r �[['. I),!'. 
1r1:;tic,11 ,�f tir,..11b1nry F�" umi�iens c.:1.11 .scJ'VC' .u ;111 '.'l1"C11• 
rat.-- m�hod f.1r Jiignr1•ing a.rut� 1ri-.hi11tl!u\h, In oon• 
ll"J.H, 1h1: fo 1i,u dimibucion of r...,1-: irllit=:t11) Ill T. 
prn.duJ/•;m/n i�witle.\prc;ul, 1:S cpi1t1�c.,n be, d.ct«u'd 
2l1)1lg • he inf�� ... ri:d 111Ji"'liibrt".s ,111J in .idj,Ktnt m:m-in
kw:d .1rc;u. Thi, i� d uc m ahC' n()n-�clwfrd h:thicu 
sdrxr� by chis uichincll1d. I k,wcw1, i1 is nor knuY.rr 
Y. he1htr ,J imi b.r I rr:1w.:>rk uf hhK' , ,,M;c."[\ cndKlt'J the 
�irL" uf f f'inu·ia;pintl11 • .Sud, ncf\\/tlfk i� I ihly J.b'iCnt 
l,c,�u,c 1hc:- w1.,rm suppo\c:Jlr migr.iu.·s along rhe 
m 'll•fibrc-s. 

�insem:rb) -Jhpcr i\-e X-t:.l) ,niav.uulys.is �t:LlXA) 
1ln bulk-froien irria::uJ rmULlc,, �•r,rniL:.-. rl ,ii. ( l �l-98) 
1:>hs.cn't'J l'ii1tnifiellnl im.: re.l.�c� in 1'1,n,phcmo; cnm::c-n• 
u:uiuns htHh \\hhi11 the rrurs.e cdl\ ond in i(le the In• 
,·.i�. This could rdlrL �li1nj,,1Q in ihc cru:rgy rnct.1bo
li.'im anJfm in ,he mrml\'� ,,,r 111ll l,•i,c .r,.id� of the OUl'R 
�ll. l b�h phoirlrom11o rnn 1C"n1t,11in1wwi1hin ,he lun�JJ 
cd ls may car,espu ml ,n 1,i�h IMl-1,.f., of di)·mid)+,nc syn� 
rh.hc. rbus rdl�i.:1ir1� 11111.·nJt\C UNA replicmiom. 

H,,·r.JP,�,/.11/,m 
Althc,u&h b,-,d1 1.he tin, iur,c bn.11c of T. 1pfr11lu ,i.lld 'I: 
,f'�t-da,pi,.:Ju. I i,·c j ll frt�'t1fibn..".S. ,111lr 1hl!' futffl.(f L'lici,11 
me f lllrl;HitJn t:!I ;I wdl-ddined C(1Lbgc11rn1� r�u lc, ,u 
dac NHI. (1f T. .,,.;,;,Ju gr<m): :md dcv,:l,•p� im11 1h� in• 
fuc:rh� .H:.ilf;I!' l.in':il, cull:tg;r,r 11\ lil,rc �-vcnrn;ally en.:-Jrp-
ufatt rhl' mme cdl. '!'he �psult' b«•>m� 11pp.1n:11t 
amuud J1yl1 ,tf1a rhc :1rri,·J.l ofche NIH., l 11 01,c }1�11d, 
rlae colbbi.-nc,1" w�JI m�y provide :1 licrtcr �tru-runl 
upport tn rhc nurs:c L't'll for acxlOmmod;:ning mulciplc 
l�l\.11:', and rn enh.rn,..C" thr:'.lr uri.j,•:i.J in anion . Thii 
wouW cruuri: :t ,.��fol tr.msmii:Slfln. One c.111 :ir�� 
th,n rhe ru�ule n1ily be a.n.1lc,�L1W u:i th.: ��du-II c,f 
c,�ip.1rnus 1 11011oxc11om ncm:uoJc�. On thi: orhtr h,nd1 

i r  \I.ill al I) hdr [11 confine chr: t-.:.S I rr;,,:foct� ot' \\'Ofnl§ 

wi1l1in an t'ncl11�d .,,ym:ur ( L i  M ,11. , l9' 9). and to pro
r«t ,hc:- p.uusitc from infl.1mm.awn· ,;:-rlb JnJ immune 
,mack. Using Clnnins d�rmn n;ii.:r�oopy .ind pri,. 
tcllt' di� tino, l.i ( l9%,1 1huwoo rh.u rhcn1etoal �\lr• 
fi,cx c,f isnla tcJ nut� cc-lh "'ti.S :u,1rn11 l , ,  dC'\oid af <din• 
I r intlltr:u� o: pt �t the 'P(.1l.1r rcgi,111�. At these re-



�l'JIJS, 1ho111 3 51} «11,- m l11dmf; l�mphoi;yu�� .w.nd 
iii cytG m lihmus ni uix wuc am11.hc:d t the rur 
f.cc. There: Or(', prc-c,xuiln fflJrn h<• r :mJ.d: 1s 11 d rhe 
domm:anc roJe ol ffl prul:uic,n I r. spu.1/iJ. 

l 1fTc1 1H \1·\1 hJ\i. l 1,1 �1v.11 9n 1hc , ri•m.ltl1 
� ,ll,1g,:-r1<•11 �.,ps.11 • ,Jr,ling 1,1 Stl'.'\lo�rt 1�·} rh� 
di I I  ·rem h\·porhCS<."S h.1�-c: bten pn,poscd· (J) 1.hc p
sute 1$ io rm NI by clic: .1 1 rt' rc:d m mi.: l e- fibre :ti 11c: 

rrrpp IOJ rl .,/. , 1 97?-l: (2} rhe 1nul i, lurrn.-J l,.:, 
urr; unJin& iibrt1bl.1, 1 1  1hi 11g.h,110, t LJ Cl}� (3} 1h� 

p,.,Lile i� �,r111rd b) t, 1h 1ht �Jit �1�1111 •�"'-i ITT)'{I ,b� 
11 ,I \UrnJ nding � 1 hi.! '" rl3rn,:c. I 1l71t,1,. I,) I'hc 6�1 
m h)'flaCh o v.,w: h:L�-d 1111 w1 umd 111d1 11 m� 
c , n:in am! l1gl11 mic.m r>'• ""' ootc:J I h ;u dc:po+ 
iti, n <-• < • b�cri � 11rrcd rum bCllh 1)Ul J nd m� 
de LM num: cdl. n tlm basu:, h u�•N 1hal 1he 

CJP uJe \� as formtJ bnch � fibrolilascs :aml ,he- J.lu�m:I 
mw..:lc ..iell Kwl.l1 iav-io-P.rn � I �n ) Jem,JnscralCli 
1h.1c rhc tnu�de '-' ·II produc-cJ ol l.1 en  t1hre 11d 
Fh ,1pr• 1r;:m\ rlin prc,1fo.: I�) 11,, llit rr,Kfo ,� 1)frr, I 
1hc: inn r inn , I d1i.: ap�ule 11,l t•U t(f p.,n t1 thr c.:ip• 
11i11le con rJUn�J coll i;rn iibrc and m:un. , �·mhcm�-d 
liy hbwbl:un nd ·.isi.,.d�u cndrnhdiu111 dl 1n PJ' 
ri lib,. 

th r 1ud11.,"S; hi�c: U&,�1� tfou t .... ,,h l\ re rv nd 
"T' VI coll;igt:n llfC' � nrho1std w rthm I hl' nuf'S(' cc.-11 
H5.df (Kw1 i�rrr-.t•I1.11u\, a 11i •• L 1 ') ). I ] . chhn, ti 1 
( I �I ) ob.st-rVL-d tlu1 the I S pruJu L<; r,f 1: Jf1rt.lltJ nd 
"J. psr:tufoSptrrlUJ L ,u)J inJu1.-.: c:i..rcnst n rnhcsis of n:
i.: u 1,d� 1ypc I\ cc,U4;('11 h JTJ munnr: lihrobl;t: u rn 
littTv. PolhrL tt .�t. � 1 �«r) "'P'm" 1ku pcril'idk ..:id 
• lutl reii;;r.'nc t i111 11� 1�c l«J .ac lc-.-1�1 c,,., ,  d111w r I ) 
er m d1e: eip.ru.le. llt-: A ri.ah u h�-n, ,1 1 hJr m Ft A 
ij1C\";ilic f, ,r £\� JV :rnd VJ c,11lai;c11 oc ... urreJ 111 mw-
dcs 11nl•, trn IJ�p <J 2nd I Iii tull<iwmg in1�._dlulu m• 
r�uu11. MoH 111RNt\ ".U i1h1n che mH� �11 ' I It 
1-f I wn U,m lll"fl l n.illy ,;1h'l':i r da mc.ws n,r 
.audmr -ugg�rrd Lh:11 T. sptmlu cciuld dmxtly {lr in<li 
rr:"td�· mflucna: ,he �'luhL"ii.s llt rhc rw , t) pcs •ll Nib
.ens througham rn dC"Vd,,pmcnrul L\·r..lc in 1lic 11ut� 

cdl. 

A•m 11. l,zmn1,11rtH1 ,m1111,n,1;1(f'rm1•m 
m e_, rhc- db,intt fl'".iturcs lxrv.ttn I." 1p1r,1'1 

p1esuksp, lu mfrcu, ru II Ji.it 1hor l:nrc:r (h L 
II� no irdbmm. wr; rnponse drsprce a m •n-

11u1 ub, h.al:rn.ar. Ix rr 1n m:unm h "' h1rds. ] Ir,•,\ am 
t ins ITJr.LufC.WftJ'r <1f n.,Je du:: htm\. 11:sp<,n • �'lut 
15 1hc.1 · �-..r11:.i , of.\Ji;tiicmi; .i nun°"' luded li.;11'11.,1 dL11 
u cc1rmmtl>• c..x pmcd !ll rdlul u/i n1nt1111i:: tr bv th 
ho t! t c,puc o:u:nsn� tudll";'i bf muay .iurl m, d1� 
.1 11 \\C:t n:::nui111 du 1 • lmmur, •cnoi 1 'Hulwre/14 
u .a llll •,e :ubj�. M1)'Y,,'C\'C'1, tt 11c [i.l the c ,mnr.amr 1>f dm 
p;itpcr, onl · :a •�· tdeli � ,h sc,I. 

The C\",l.}i,,d_supp,L-...si\'C udi•m u: proliJhtr lughl 
iii 111 ,m ucnipc tu de,ermim:: whr1lacr t.bc ,1 11. 

inll 111rna1,1ry ac:ti,.,n <1 T. PJt?i t pif'lllu 15 IDC1l15ttl 11d 

o R  M,u; CII Ill 

� ... , 1i.;, Ll [ LJ u} 1 111ixrcd Ell l•f rpmrb.J �11tl 7; 
f'1<11tkupirMW snto 1he lrfi �nt.l nght th igh� ol ,h me: 

..-.use 'th. 11rpr'�i11gly .i,;11b11mu. II · 
nulo • 1imn \\, 1 ob r-.:-ed munJ 

rli J 'f'l(ll u m  1hc: hct�rologc,w rhan b11mt• 0-
1< non:i, There: \ l 1 1rlc crllubr 1 1il1 l 1rat1 ,n 

11roun,l L {'Ytuf.,1p1 ulu in both hcri:rn ·1)11, und 111; 
111111 1.aru. � re. 1hc .1111i 11111.tmm,Hnl) 

1 i  n b} "'4.ttpim/11 .appe.in: m be 
h1g and 

According 10 Sc �5) , rwo diffi:rcm �mitt"-
,,_, l."uh'eU rn 7n lu1 Inc 11-

ru1\'t" 1m leg) u.11d 1hl) i ,  mldmg 
he �, ,,111 fot �)1 ,nec,u.10 I,,}� r 

C CC(111,l llf'l)fQ:J h ,  CJI CI 0.:1 by r: 
.tl1J 1 :rn c,ffcn�i\t: :II( p11,.i.ch I h par.uitc 

11is.cns i mr:ss.ige ,m dee 1111 lccul.ar 1.ornm11ni 
c:m, 11 bttv.'t: :n 1lw 1t111 nJ OL"Uf<• n1 , 
rmr: i,;\ � I rt · 1 hi� Ill UpJ'•ISt',ll nis-

��'U 111 rc-.oc.l re mcmtcn,t s } chc drCTlJ.l!i 
loeJdmg ce_, a ,uprrcssi ,n D htJSc lllllnllllc ft: flOIIM!. It 
w·.u unht1 ��ti:d 1h21, rho 11 , , 1 11 r• 
,me he 1d.a1cJ rn  . dt 1 1n.111 m 1 11tcrl 
(11 '). 11 , l-:.111 �uap,uc m c he: c, ,m munrL."'.iltJ• 
lxmc�n ,hecnd,,cnn� 11.ml immune ruru. lb t 
al§-0 cm [l •>p; m, t ry hy o;rrcu1 n, hos:r-•hk..: 
llJuts�n • .i.sW,1 ,_ m1dc, \ I 

ICW.'lfl ll : r l'll 

ng ml'm<. 1 1  ubu n I '.!>tT 
1111Lrosa1p) , Lr IM.cnccl c he pl'CSC'nc 

d i  111 1he � npl mi rC8mn I dt 
\X'h� ,HC thci;c cdl� oa1mng \\ 1th ,hr r r:a
an en l •!ie<l oumpla, �nd 11h nu pp. IcIu 

r c t'l.; t  rm 1h� liurr? J r  ti p11 s1blc rha1 rh� odl r� 
.mnpJ, 1 1";1ppc:d uuide \\Uh the � •rnb L mm� 11Ci1Jtm 
l;i1111n H,,wc:vcr. 1h fiodini; n imply tfilc '11r v. ,.mm 
arc \\ II pror 1cd �m 1 1he =) 1,nUJJCm• •J D cdh. 

l• l'11 guc 
· 1 Ii .tb11vc b11c-l rl:'v i� hii;hhj;ht the mtp 1um � ,u 
d<..'IHIIIS fll lllli:gr 1,...J 11rrroac:h In l duns �r.a�iur.; 

111ft m>n �lc1kcul:ir .and 1rnmun I gic.tl uuJies must 
be unJen;ikcn wnh �cci1I refi rencc to chc uniqu ti..:: 
,,:fopmem.u/inrumu5 ,n li1, 1� • , ( S- n pc� 1 H 
\'lll11C 1:ltlurn v. 1nd<'.'rh1l i.bl wior1 lot uf'1\ I i n  .a 
h,nnkcnvum1mc11t. rn,111\ •nrr.i,. ll11brN 11 ,� dwell 
mlt�ecics an sc1 >e ,1 C);t: II 111 modch f. r ruu1C':'i o11 
1h( 11 1e h:.num ol  h11i1 i.dl rcprugnunm111 • •  
nnmun lul.luon,cdl 1.ugamg 1 �uc rcsm1<l,1J1 1t1 t'tL 

Man rarililUl Ill l.xul h.1ve d1 una pru1\ttc l .ind 
some 11\a� Ii:.-\ " lfflf iUHH mroa::al :ippl1 c i  I I  t.'h 
lll 1c un )' al fl I I' C ' �rrnll d,e c1 1111: ml J'"CC" ot 

l '-'lil i 11)l•>ro 111 the.- ,1�-v. m1llc:11n111m \Xe mt!) belic-,'ir 
1h. r chcn: ti II pN ,,t gold t th c.-nd 111 th<'.' r.11nb<,Yo 

Ad.now I ro nt 
Two of our IClic;JrdJ r u1.ppotttd l,y tl1r 1 1, •� NI 
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11').{t:l l'l(•'M .:,,,-,, , , � J,.� r iHNI' Jwd'J'MU"#J t, '), 7J •, _.,. 
lwna lll• ( 1(1')(.I ,, Ttf NJMJIA ttmJ;r. A:J1zmJ rtJlfr.!; a of' mus,.I, 

11mmm in m ... h.in,. ,m Fs;uimn;wl J1J.,.�lll�T n. -�-H i.'i l .  
j.M:.ncr Lli' ( l 'J')}J. T,,.. /.1r.ttJ. i}'1r1JhJ 1J1!«1ci.l J..-lc1.1I mu di:- .-d • 

;ircu in G IM aoo � tt1u.n:k � nprl!'·mo ,11 �,..] ef &l' 
&� l!. I 785 ,7':l). 

(111�� ... 1.1t1-:, s .  l lum11(1111pr N. M.U\1fflt.4JI r� lr11·;u�1 CII J'. 
r·i.H apanmr ( . ra,nl llffllU A. u. jtog r:. )r�mp;n,rilu! c. 
Yi ngyowJ l� & r .. � j,. F I I ��:�). hn1 u1.11t-11� ' oJ l1u.man 
ltlr h hdlmoGHL'li!.l hr r.,,.J-:mflJ r�•nidi-. C/mf, ti lnjrtt=. 
�t-.111' 1.ti. 1 11 LI 'i 

K.ahtt 'iJ, Wl.clilnd:i \I F;,t'Lrn�1tt II.A. Coder D, Arulfc, ,'I, ,'ri. l·.uT 
A ( I  1%"), 1bcma,1111uu:f,...-ul gl,,niw ,1c1n ,,I [rg;.,• um, -i 
;ur,.;1 ,igo1.-.. ,.re l�.b. ot d1t' ll.l.lm211 litrum m1n.n,n.: I 11J1111J, 
pi:,11cm l•f,'1r111 //Ni lwrmr.im lrl. ?,M•l.:;?l,5', 

NOi M, Qll R,M k 1 1  md I',\ 1 ml. c.r, ,n.,11 1" "( tlic rinim--r. 
•q•.tJ , or of rrll cydr. f"'\.' , ,rn., g,din I 1j, il r 11!� J,;im� 
ditkrnm"'.mo11 nf m) 11l1IJ\h !l�n il{WtX< net ID"'4llLUi<'i. {J,, •tm� 
ltl I •' 166' 

KfiL,111111 CK &' R5.I GS ( 199 I )  f-rr r,m1 ml:l.°'A .l.tg,ilN.l.:i1 Jun 
\l"tta ,,, ,,_, �u.d Lhc mxin fo:fll �It 1ror1 fontt m r ,f l� ,i1t11'!lo 
"m pNrrvlefV-1..""'v 6i, � 1.?-1:U 

ffu- t.C '!-.;_ Ymn� ,\1HJ• (l9S9j_ S1in.:iiiotl'-O-r 1·�1 nm1�m; in dttr,;tlun 
r:•t 1i-f"'1.,ui'/;, Jf• R1l1'1 �n rib,wl 1�1 In Clunes.! p, •• 'r,�f'"-.r/ 
&.·•l!Mitmdi, <J!M 1 1 . 

K,;1 RC 6: ',Ji._,nlt Tl) { l  '.1921 1;,. fuff#J,. ?JfWtr. 1re,:-1fit.1w cw �..; 
..umr,r11.1o 'n Ill T� b,..-.ic-. ,hNnr,rl � lklmm.l,,,JJ>t,t I,6.. 
"�' 

1w II. .._ f.l , t .. ka; ('.IL � C, ,mp,, •II 1 1  t I :J:1-H. f Jun_r.ei; 11 ,,�, 
m1ud .. � ,u(lu.,-,cd h) CXLrcr .. r;;l,r,.1rl�II) pr,)jjna.s lat l•rv I 
tnd!J»n'!.J f/'.Jlllir n,I ,'n", 1•m1l1.t }'lrV-k�,-.,;,l.1. l!i-r,w�r I u� 
l!.15,,2�. 

t,n fl &: ha I. [ I ';19(.) t,k;i ,hc,cl l'Of"'ni.t, • ,I Twl:,rrr/m 1pu.;fi. 
111d rridJuulu P.J.rild#p,br /'.mrri'wt"f:'I l 1�. ti• ,,; 

K,ik,�JJ.IJJ Cit � llz.id I ;;:,. I I 'i!l I •• /•1 rmill ml�NA d11;1 :id�, 11m 
:,-ucm rri, ,rnd�· d1r Fl!Wl 1,.-,,1 sh1 •wTfoacnon "fitt 1t1,r!a 

•,,i,n. fawl"!W'! "'1 � ••S, , I 2-1 :.U 
io:"w'l!�•l'•in1,• hi, flk,111.1-Flli1•1:ik ,\t l �Jhryel I'� <  ,mr,,.,, •Li 

l fl '1'.J.f}. •�uunumina ul n,utdt a:.11 w it•rllWlOD ul rhc l�i: 
.u, ,11nJ I ,uln,r,li.l 1r,�.rb1 l�t, � UI 1 rasi ru;:n1 t•I 1 n it!►o 
ll "i.Mf(r((flfS1 J\i11-l.....,r.J,-�tM 11•. ¾,•>.Ji]ii. 

bi W'a'Vi/ .!1' l:o It {i"\MJ, fml1rJI fflL'nll" I •�• fo:m1 
rn. .'rmrl!., rrr.:ln IJlfh IJ\� Im IC, i!lfu;117m •'/ fis/u/, hNr't:;AimJ,J./ 
C,.,�j ff',u� bl• :r,,,1--:,,, oo. 1 �2. 

l..u �"r'W (t11 ,), tiL:111 ) rlnn . ,d d1.1rxti:rrz;ruoo fl rrum,I·, lir 
l'fll),1:ct ,n Trnl•mril.upp.. ,\ll'f11l rlii;-,.,, l.)q.,_jnmenu1f'/n,ii,'KY• 
rhc UONCnilv , ,( I fvrl!: l'-O>IIJ!, I Ii/fl Kimt;,, Clmu. 

IH 1)1. & .' 1i'IT1i Rl.i { 1 ")8-). A l1ent:•frl,,_'Ju-.tc stuih ,;,I r:nude
fdm::s in",;-rc,I ,.,rJ, Tri, �-.,Nl t 'tlriW,, n,.� ;(/JJ r"}/1 I !:I, (II:,� 
6-1 

Lu LJI.. Ku RC, Yi x.�• lt,;_ l'nillJ; �I HF ( I )?I), Trt: ltt.fftl!.# Jf'JrRlm 
ac11i1:1�nu:: ('rl U>J"C':I fwm, 1hi:: uidwo·rei d�1 rrd 1B 1bC' 
h.ypc11ro1.f11c n"'dci n,J �}wt•l;uiu 1bc pn:im'rrJ 1J11i.}(.lu tam: 
lnmx i.-df] 1,1 rhc h.;1i1 J{,,,g,rr,,J,-ir ltll, 1 1  "i • 12:i 

Le, ng RJ..:.M w;,•>,J. l'udf1C1,1111 I .uicl �ul fl"'l1ff'ln u.f 
aattDl}-lu:ar1L•"' ulit� 11urt1 Tttdtt�ll.r sprllllu. Mrh cl n, 
Dqumri,:nc 1111 l;1JO!. •E�- 171,; Un,-.w11r i,1 H.,1� Mnt,, Fl•...-i1: 
K� Chuu.. 

I o:-w1� 10�'\ I & "41 It<'' [ 1 •1"7� l,r n1m1.dfu:u 11I Tnrfuiulu 1;,Jt;.Jt1 
un n11.aicle ;:zlls. },m, ,µ! ,tHti'""'"rf,m.,,_, 71 ,  1 1  J,.. I UI. 

l,1 CKJ· 0 '96J. lmr111111t1�c.il 11f 7/-rr/.llru&t q:tr;t/,: {11:.n,w)d:i.: 
'1'rK.l::111e!L'. ,�J m,rtfir, "ru!dr. �,, Jnrlor!JTICllL. l'hl) 1ho11, 
J.Jt:p;mmtru n( i'uof. ,s:,•, 11ie l!nh i:nin• of I li:10J1 Kt.�. flnns. 

G;:0,1 !:, �- h IIIL 
l -1 Kl· -5,: �:0 � UJ) , ,  [ t:Ul•lll ( r,:11,:-11 til\�:L"llifdll 1r1 11c,1U, 

tridom:-1� ln: ( •nqµ-l'irnt\ G, l ,Jmbl" R, .,..,., K, ,pm I' 6l 
'q/4L:d1n [I 1c•h / l'wi:f-C'\lmi;, ,.f 1bc :,,'1nrh I, rn111t1nnal 
C11nfrrct•tt 011 'IJrichi11.-lln111, ,\1n.crn ( ily, r:�m• de 
lnYffl11c-"u,1u E:'.uu.!101 A .,.,1,.pj1 ,� J.d l.n11i1ur<1 Jl,,l,1ruou1 
N.II0,;1rul 
M,·11�,. i'I -.,� 

lh K�. Clt,mtl 1"1 V tr to:J.i l«: ( I �'-' ,  fhc .lwn'bu1i,11 Pl no<:a.!'l(I 
i;;:,; r«,)1\· w;r,i.i--ru <lari'"-'l,j di¢ 11t111dr: 1tb.uc .-,j fridrintfl.:t � '.lr.':'"ih 
.i�tf T.p,rrui'Jrjmdo 1r.ti."Di, ,11 /'.;�;1'� f.:r.r.rrrl.• is5 0rr I' � ·• 

Un.Jh JC., l-11'rn.admr ,_.., Ml•-:hh:, m li:. 'amM:i Pl \ l,�:-J), 
ld�ufi,;:;i.111 ,11 of I dn'liopma,a!ly t<'f;1t::A•nl f.-,,+.,rrt'Ji,J 1,t<ltt1!;·, 
prnmn du1 ir,Ml U M_ruU- 1rca1 f'h•l.n.t, U:,.!A(.�•mr!- � 
trm•. Mf'l,r-td.J1• .iJd lir4'ff.�,d }',tN:;,1Jw �!, lifi.}-17\, 

M;ik (l-·I � K, . JtC(l'1•1')1 r=:mrnunw101utl ',,n&,11;,i:kDC11UJ•.rty 
f111t11 t.'(, rr141ry/u·crr1orr ,,,.-vlu, fl of 11 ,,ar�•nk '1CDIJt1..J�,. 
/tM!JtrP'a'.i 1pmir1 fafTll4tf /cu:,w1 ' ilnlllrtmi'W? ;?OO, 171• 
S I, 

Miu,dl! l ,C ",ffl, ;,,_r-]h 1 ... S�umcllHi. l'.-.:t�r.l\ l�ni 1H,•Gmi.� 
� f (l(l'J,f·,. M,"l!V 11Klixn n:110.,hLm,r.na pixarrati, Ill ,l111tni; 
rn:r'-'tP'•� ,tit tt'IDI 111011, Orr,w.fll',, .iii�0,.}5\MI. 

t.Ua•n.,w 11 1 . JotJG I� �:i� I I �  Pi:no-1 lcw � ( 1 '111�1. l'r.,,,·ir,.r...(j 
tr.-.m tlffl 1,m:: Lt,.;ic 1,I w 1rrm1 l<'ll!t: 1•1t.1.ntc .SCl11(&;l'lli1 n'M •11tin-1 
d c-&n,Jc- �onnc(.tl,c c111UC' .1nd l■aRml!nL m,.-n1b,�11,: 
1111L1Qn111k,c1.I� Ji,YCl.v!ffli"i11/"'..,rnJJ] !� l ,  ••1·1 I 

Md�nrLm ( 19•)(1 LS ( l ')'KI), Mio.le ok\'d:•rn•au lor: �l,iumi I 
& Ii mu.i, flS: (c<li). U1N,1b"of •f H,n,,,.rn r ,1111nl, ,1.�.J 
/1"�'/'ffi-!Jt�•l R.=ak-a wt Ill: RI,, ,1. 1 'RC l'lnl, · H,,rid.i. 

M.(l(?(m r ,k \\'ir,n, .. l l"-1 ( 111:)')) fri,1l1i111/J4 l{Jrt;J'rr. rrn1cm.ua I I 

tlic brvx. l'.tr=td.-,;., Ji.m:;nrtJBi, 47-'i 
,� lllllflM h .. & Lt<$Uffl J I )  1 1 •111a·,). IJaf!iti lfluil 11111.l rrdirni=r� 

,f�rnocnu;m,ruJ'm('f11al mrmlmmi: bmmd 1!11 le:, ,1.cu,;mo 
11, ,I.,' .,.J,.1•'IJI pw!nrlffl.li,_ ! �.'1 irwJ J71Hffi1n,r:, � I ,  3 •2-�}t 

Nc-.. t-•rt , �R, !ia.lttmm RI.;,, K11.!lmail I, 1m I� t,.1rl �, ,ff� li:. 
,-\s�blJII N 0%il). l�n,iti :JI"" molNular 4=l0tl1t1g, a111J 
9JlfaSICJJI ,, I Kh!•to,rn!' 1.nr1g,.·-0 ,!, rl.:i�·•llfj Jur,Oiltll11 i"ICrnfJ.il. 
,-1 •.'.l.tmi!•I /.,.., •rJH.i' ,,f ir.,p11.d /ttr;ii,--.PJt' ,11,Yf IJ,-ttfnu lR, 541J.iq •. 

:>:,-,nth BC:, I ,I� GJ. lx:b T It:' l.w.ar AH Cl"'' , Sldcu.l 
mu,.:lr • ,,.11, l.adioi,; ,he rm::;,,lil -\h ,1m. rroccm pci.1;1ri11 ckrrl")' 
lid�, in II UKJc p:r.n,e aprm • 11\ l-1• I 1:11nmb1r , !I Iii .r,d C2 
pl�,o J tl cdhJ�-/.n:.tn.:i!� f;,r/f ll.iok;,z.1 IJ5. lf 1-45(. 
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