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copy aalos. S6 00 p('l l;sue pr<epP.·~ ind,,d,~ W'L'c" ~-<.d~qa, G1.'de t·J Bi~tc•:lrno'DiJJ' l'rcdL·ct.; "~d ln;trncr>;nl>, $20 
llu~ •~l2s on rtqL£>1 Aut11orhu\1011 \o pl11ltocopy rr"kri:il rcr i'!Crn,.: w foi·l~O!id LI>e uridc1 t·tL•Jmet~<Ke> W;I fa\' 11'1 
v.ilhi , ll•u ldil uw pG•·doru o! U1~ Cr-f-:r1 ghl ,\~I i• 0':1nted by MAS 10 l hrilrro; ac_d C\her u:c1 J u·a,ol•HN ,·,\ii 1110 
C<i~y1·gi'I ClNl'MVP. Crnli'r (CC(;) T1;,11;~,.:;~.pol flo;wtfoj Serl.cu, pr,w<fod lrat :ho li,_He len of !-1 µc; <.<•pf 1·'u~ 
5,110 pN p:•J~ /; p.<v 1J1n'I)· 10 CCC, 2l Ccn~1e ;:; Slrtcl, ;;~~""'· l.l3so,,ch·;1~lh o 1970_ llLe ;di;nt-licJ.1'00 {c,r!o f,g 
SvS.'l\'<Ji~ C{)Jfj ijl)/O.'<>J SJ I lU- S<.-rnca 1< h!.-.. ~d in l' e fh'.1·J~1·s (;11'dv to f'<'i!0~~.11 L1"cralurD ncd m s~;Plf.I 
<·(le<+<.' z<:d 1n~<:> ~~ 
T/'11 /\mt·1icd" m,,,.;,1>;1, k< lhLI Ar.Jy;,l)({'ff,rnt of SG er.r~ 1·1.>~ fo •nOed i<1 18 Hl amJ i11(C01[1-0ra!od 11 11J7t. 11<; 
d.>};cti·>l'51ir0 to :Urthcr 1~.r, '"'•rl. of s-: enti;\s, 10 ldc;·;111~ LlJUpcrn·:o~ 1Wlt)~fl lh~.i1, to fos!e1 !·'.•€n! f,.~ frccde<n ar,d 
IU>por,~ f; i:•/, 'fl lri"•j)r<)/tl tre ~lf~C1•YCIW>~ \,f "i~ll( <.!In v-.Cl fllOITOI Dn o! t.urn~n 1".Cllfilre, lo o'\.11J.11U; !l•Ju_;,•iv;, in 
~,·cr<e, ~n.J !u ir\crn;$e putt c undcr~"W•J fl(! ;ir.-J .1ppH'r.0 ,-.t'c•n •A ih'-' 1r11purtanco ~r,d pr(·nl:!:~ of tho ff.Cc\))•:<!> O! 
'(-'~·rec 1rl h1rnic•n f!Oh•e~s 

SC!l+H:E, vn1. J.f,] 

' 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


·--------- -------

C:OVEtl l.akcs and pond~ 011 t!w :trni• 111ndr.1 \\'ith ltig.1knit 1Y1ount<lin in the 
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rc\c,1sing carbOJl dio.\.idr.: to thr.: ;1\1nn~ph1:rc. i\.1uch of the'. c.uhon orit~inatcs in 
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(j_u,kn City.1\\', l'J7l_1, pp. !81 20H. . 
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/.I[. S1,·11·,11J J1u! L. C. l-.111>11, N,1111·,· /''"l':cs ,fS,•:,1l1.·lm,1i1,, (;\hGr.m I !ill, ~~11 
\ OJ!L. l'J'.i'J). 

!:. \\. []_ l',lT'Ofl', ,-j.,._ ,-]11/i•/· ,i5, J,<)2 (19/0). 
ll. ). \\'1l"•ll, ,-],.,_ ,-lnr/11"/°''I- /l3, 9.i (l'H!l) 

Ill. f .~. llJymond, Aw. A111i.1. ·16, g()(> (1981). 
I J 1- (~uillcr Jnd T. S1od . .:1, At11 .. ·l11//1"'I~'/. tt5, 5·~5 (1983). 
I~ I (.~uilt,-r, _/. l'idd .·\";.,:,·,•!. 12, 279 (1985) 
U F. A. Fngd, J- S,-.,-, .·lm. 55, 43 (1966); An.ii. Cini. lluii-. "\\'"''i'-' 5, :!.Jl 

'.19(17). 
I l ·\ Od111r11, iu /',1r '/ J,,._,,y H,,i/dii(>.; iu .•!1,-/1-u.1 /,~\'i'• L Hinfur,l, fal. {1\cJdcmic l'r~\'\ 

:Xllw Yrn>., 197/), pp. 157--24J. 
}!1 \. tluiltcr .111gg<'-<l<'d this p.:11,ihilit)' •luring work .H the l',1lo11u Sil<' in 1976. 
16 C E Smiih, iu /_,, <;.1(::.1d~ p,,m, ,•1 /'1,u1,11.dr C'ulwrc· irt '1'1,uui1i1•11, Ta,·nH' 

(;lieder <1,1/., fah. (Univcr,ilJ' ofTn.1\ l'rc,s, Au~tin, TX, l9.S8), pp. 125-151. 
l/ 'i. l'llll\r,ki .ind T. Pou11~ki, g,,/y St11/.-m<111,ml S1iluiJ1t1u.- hr 1/1<· C.u11M V.:>11'1', 

/"'111 (Uniw-r,ity of lt111·l Prn~, Jowl City, 19S7). 
l:L \'. l'opp:.'r, in L<'-> Gu•i/,,,,,,_,, ,\for, Duirrl•' y 0.hi-> rn "1 IUilNi~ d.-l lfomb1.-, I>. 

!lon!1'i1, fa!. (Editoiiil Amoui.i, Umo, Pcrn, 1932), pp. HS-156. 
J ') ,\_ l'ou>r'<l-:i .tnd T. l'owiski, t"i111L G1111t:\'fr ,\Ju<. N,1/. HiJI. 49, 337 (1979); J. I\. 

l\iul, .;l111/r1,1p.,,/ "''J'· /Im. M11s. N,11. lli<t. 62 (19/\S), put l. 
)l). 1\ G1oh111.1n, in l.M (;,wi/,1110. ,\for, Di'ifrrl.:> )' (),!Jir«ll /,1 /li<l"1i-1 Jd lf.>ml"'\ D. 

Ho:11\u, Fd_ ( bl1tt111.1I 1\thoui 1, I inn, l'c·ni, 1982), pp. lS?-179; H. L. llu1 1~cr 
J11d N \,m dtl .\h !\'.<\ • 0 l"1 __ •\m.'u.>p<'/ 9l, ')6 ( l991J). 

·11 T D!l~rh.w, I'. Ncthnh', J. llo;1c•i. ,\111. ,]miq. 5·1. 7.B (1989). 
22 ), Quilt<r. "Til _ti<h !11 the• .1fkm•~lll: llL)'<llll\ Mll»i,tt'nc·c C<<>!um1i,·_, in rhc 11\H\)' of 

LJ!I)' A11(L:Jn ,11;1,1.11:0:1," f'lf>-.":r 1•1(1(1ltLd J! 5 l>r 1\1111u.1I Mc.:ii11g nr11ic Sn. it·1y 
!i>c A111c1ic.rn ;\nhtcolug)', Nell' Orlnm, I.A, 2.~ April 19~(>. 

2:l. t\l. ,\l<>'dq•, />,,-.,N,;.,,/r,mi/ (_\>.Hid/ Ci•'iliz.uic>m ill P(lll (Cuoliru l\iu!Dgy Rc.1d­
l'r,, 110. 90, H111lingto11, NC, 1978). 

24. j, Qui ha, ''( :.nc· .ul<I p<: ripl1<·1y in 1'1 <cci .irnic <,OJ't,1l l'r1 ll," p 111>:r p1c~c111«I .u 11,.· 
88th A1mu.1l /\kc1i11i-; of the i\mnic.111 Anthropu~ogicJ! .S1xict)\ W.1>!ii11i;1n11, DC, 
!9 Nmri11ho 1989. 

2!>. !C (;, Wilkin">n, /'•"'<II)' ,,,1,/ /'r••.•r,·•_< (Pr.>r{~<'r, Nnv Ymk, 197.i). 
26. Fu\luwint; t.ni li,1.-.! i11 V. Al.ui\O \I. and V. V.i!divic·10 M., [),>/,/, hut. ,\(,u />a1j 

(\'<!lumrn .:xtr;iordinni•1. ('...1llm, Pcn1, 191l7). 
27_ l'umling- for the El f'u.11\n n'11:.ird1 WJ> pr01·idcJ by NSF gtJnt !IN.S·R~.(13680, 

1-lipon Cu!lq~c FJuilt)' Dcl'clupmcnt f.\rnd.1, .m<l 1hc Contiucnul Colfr.: Product~ 
Compm)' (J. 11·holly owned ,,,J,,i<li.iry nf Q1utn 0Jts). The nc11•Jtimt\ wc1c 
cJriicJ out under Crcdc1Ki.il 038·BJ-DCIR!lM, i1>11<d by the luJJil11/t1 N~rh11n/ i!t· 
C11/h1M ofl'c!ll. \Ve th.1.nk:A. A. lluntu (,\li1muri) who identified 1hc HJUt1h ~a,!1 
;iud ,\, 1'1icc, J. Attcl>.:u)', ,1nd L. I laub1id1 who hclpctl iu 1mting and t.11lyi11g d.11.1. 
Additimu! .ii,\ in pwce,,ini; th" '11b;is1c11c.: rn111iru 11·J1 )',i\'cn br N . .S1b-,4r .md 
M. C. RuJrfp1t·1. tic S.111d11ci~s in l'nu. I. .S1l11.1r-llmga. llii1um fidd dirc<rnr, 
11 .ll C>'CUliJl tu the pn>jt'ct. 'lh•: C1111r,1 J,- b11'<·;1(>:.l(i,;1:fj ,!( /.,;1:<1> A1Ji<U W!> our 
ln1c nfopoJti(m> .iml Jrulpi> am! w.: tli~nl. F. 1\. Engd ~ml M. V.1\kjo~ and lllJll)' 
ntll{r l'<'mVi)n cnlkgm~ for mppwt. 

(~heJt111istry and Biology of tlhe Im1111u11rnopl1ilirlls 
ar11dl 'I'l1eirc I111n1ll1LllfllOS1L1p1prcess1tve IJ1~::u_1ds 

STUART L. SCHREIBER 

(:yclospodn A, Fl(506, and 1·apa1nycin are inhibitors of 
specific signal transduction pat11,vays that lead to ·r ly1u~ 
phocytc activation. 'I'hese in11nunosnpprcssivc agents bind 
\Vi th high alJinity to cytoplasntic receptors ter1ncd inunu­
nophilins (in11nunosupprcssant binding p1·oteins). Studies 
in this area have focused on the structural basis for the 
1nolccular recognition of in11nunosupprcssants by inunu­
nophilins and the biological consequences of thcit· intel'­
actions. Defining the biological roles of this c1ncrging 
C11nily of r1.·ccptors a1ul their ligands n1ay ith1111inatc the 
process of protein tratHcking in cells and the 1ncchanis1ns 
of signal tr;.111s111ission through the cytoplas1n. 

·~lESEAllCH DURING THJ,'. l'A.'>T DECADE HAS CONTl\11\UTED 

. ~~ significintl>' to our knowledge nr T l)'1nphrn.:ytc function. 
li_ The identilicnion and li.111ctiou,1l ;urnlyi:i~ of T cell surface 

1n::cp1ors (/) <lnd nudc.1r 1r,111scriprion factors (2) h<l\'l' 111adc dic'ie 

co111punenl.~ of tlw signod tr,1n»dw.:tion :1pp.1ratu~ a1nong the bc.~t 

u11dlT\t1irnl in hiulogy. 'rl1i-; 11ndc1:il;111ding is bl).;dy due to thl' tl\l' 
o!' prob.: rl'o1gt·11ts, ~uth a~ lll(JJHK!on:d antihudil's and 1adiol.1bdcd 
rntclcic .1cid~, tlut have been devdoped frll· the studr of ~tnfau: ;1Hd 
1H1t·k.ir plll'11011w11a, re~pcctivdy. I-Iowevcr, tlw tlll'chanisn1~ for the 
11 .1n.~duction of sig11~1ls 1hrough die c~·tnpkls1n, the "hLtck hnx" llf 
tll(' ~ign:1l tr:1tl'iduction p,uh\'.':1y, re1nai11 n1y.~terious. 

1\ fH11ily of n.nur;tl prud11cts h.1s cn1crgcd ,\.\ probe reagents f(lf 

1 vtopb.\tnic sig11.1li11g 11wch,1ni.~1n~ in the T lyinphocytc. Th~·sc sn1all 

·111~ .1uthur 11 .1 prof<'·'''ir of Ch(1nisny, I lMv.1rd lli1l1·.:11it)', Cm1Uridg,·, ,\\1\ 021.lH. 

la )1\t~UAl\\' 1991 

n1olec11lcs arc in11nunosupprcssants that <1ppear to exert their inhib· 
itory anion~ di~1:d 10 early 111c1nbrane-;1.~soci:ncd c\•cnts :ind proxi­
rnal to nuclear processes . .Studies on;\ fa1ni!y nf in1111unosupprcssant 
binding p1otei11s, tl1e i1n1nunophilins, h<lvt ;Utcntpted to idcntil)' the 
strw.::tur,11 rcquirenwn!s for high·allinity interactions between inunu­
nophilins and their i1nnn1nosupprcssi\•e lig;uHis and the binlogic1I 
consequences of the tClrn1.11ion of inuuunophilin-ligand complexes. 
Although there is n1ud1 10 explore in this a\'enuc of rt·.,.c;trch, sonic 
genen.1! principle:; i1ssociatcd \Vith the intern1cdi~1ry event.~ of.~ign,11 
processing arc c1ncrl~ing. 

The Immunosuppressants 

Cydospurin A (C;sA)) an inhibitor of'f cell activation, is currently 
the fovotcd thcr;1pcutit: :1gcnt fOr prevention of gr.tit rejection alte

0

r 
organ and hone n1arro\\' transplant,ttion, and it has been credited 
with initiating a revolution in clinictl tr<HVipbnt.Hion (3---5). The 
recently disco\'cred coinpound FKS06 inhibits T cell ,Ktivation by 
n1ccha11is1ns tl1;H a1c .~iinibr t<i tho:ie ofCst\ hut FK506 is 10 to 100 
tin1es :ts potent (6). FKSO(J h,1,; perfornwd ren1<1rk.1hly well in initial 
l1t111i;111 di11ic;1l transp!ant.Hion t1ills (7, R), tkspite reports of roxic 
dkrts in aninuls (6) Rap.unycin inhibits T cell .tctivation at 
lOl\Lt:1H1:11iu11.\ co111p.ir,1blc to tho~e of the structurally rel.ucd 
FKS06, yet with 1ncch:1nism<; tholt <l\'l' Hrikingly different from rhnsc 
nwdi;tted hy FKSOfi, ;tnd thu~ C.,A (9). ()nly c_:"A, FK506, ,\Jui 
r.lp.11nyci11 ha\'e been used l(ir the idc11tilic11ion of 1ncn1bcts of the 
in1nHJJH>philin cl.1ss. A non11,11tira! ligand, 50(iBD { 10), aud :1nalul~S 
of CsA (11--JJ) have ;\Jso provided in.~ight.~ into the inhibitory 
1nech:1ni~n1s or in11nuno.~l\J)prl'SS.llllS. Many recently di.<;covercd 
i111n1unosupprc:>sivt· agents {/'I) \vitl111n{kflncd nKrl1,1nis1ns, snch as 

AltTICJ.J'.'i 2HJ 

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


discodcnnolick ( 15) and deoxy~pergu.tlin ( 16 )1 promise to n:ve.il 
new facets or cytoph1.sn1ic sig11~1Ji11g !llt'chanisrn~ ( /7) (Fig. I) 

The lmmunophilins 

The prcdo1ni11ant C'>A-hinding protein in ·r lpnphocytcs i~ tht· 
.'iOlubk, cytosolic receptor cydophilin (18, /9). <=ydophilin is an 
abundant and ubiquitous proKin th.n is fr>und in both prok;uyntic 
and cukaryotic org.tnis1ns. The nujor isofOnn of lnunan cydophilin 
has a mas.s of l'/,737 da!tons and an isoe!cctric point (pl) of 9.3. 
'I\vo groups have independently reported that cydophilin is identi­
cal to peptidyl-protyl iso1ncrasc (20, 21), an CllZ)'tne th;ll catalyo:s 
the interconversion of the ds- and tr,111s-rota1ne1s of the pcptidyl­
prolyl a1nidc bond of peptide and protein substr;\tcs, and this 
rotan1ase ac1ivity is potently inhibited by CsA. 

Shortly after this disco\'Cl)'• the prcdon1inant FKS06-bi11di11g 
protein in c.11f thyinus, hunrnn spleen, ;u1d the ·r cdl line Jurkat, 
lcnncd FKBP, \\'.ls i.~ol;\lcd ,u\d clur.u:tt·rized in t\vo labor;ttories 
(22, 23). Like cyclophilin, FK1JP W;l~ sho\vn to h.wc rot-.11n;1se 
aoivity t{J\\'.1rd a peptide suhstr.Hc. FK506 inhibits the rot;11nase 
activity of FKBP, but not of cyclophi!in; !ikcwis<:, <:~A dues not 
inhibit the rot.1111asc .Ktivity of FKBP. The doning (2•J, 25) ;111d 
OVt'rt'Xpre.~sion (24) of !111m;1n n:co1nbin;ult FKBP ;UHi the clnning 
of an FKlll' fro1n 1\!r11r11s1wi.1 Oiu.rn (2fl) n~\'l·alcd th~ll, despitt" tlll'i1 
con1111011 e11zy1natk pro1wrtit·\, FKBl' and cydnphilin have dis~in1· 
ii.Ir 1-t'tjlll'llCC.~. H urna11 FK n p h.1.\ ;\ 111.\.~~ of 11,819 tb!tons ;u1d, like 
cydophilin, is a ha.~ic (pl ::::: 8.9) (22, 2'1), cytosulic protein (27). A 
proka1yotic organism, l\ldssc1i11 mn1i11gitir/i,, \\',ls ltiuud lO have ;11i 
open reading fr,une that cncod<:.~ .111 FKBP-likc protcill (2'J). 1\1ort' 
tcccutly, FKBP \\',1s sho\\'n to bl~ the prcdo1nin,u1t r.qi~unycin­

hinding protdn in yl'ast, ctlf thynu1s, and hunrnn T cells (JurhH) 
(l.H). Rap,unycin (dissociation t'onstant Kd = 0.2 rn\1l) h;1s ;in t.:vcn 
hight.:r afiinity for FKBP than doc.~ l'K506 (K,1 = OA nlv1), and is 
also i1 potent inhibitor nf FKBP's rot.unast.: activity (inhibition 
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Fl!J. 1. l'rolil' rc".lgl"llt-" of imr.1Cdlul.Ir ~ig11.1li11g p.1tl1wJy~. (A) Rcn~ntly 
io\'C'•lig.11nl immm1ophiltn lig.1nds. (B) lmn11mo.<.upp1o~i\·c .ignH' with 
uuknow11 11w..-h.111i~111~ of"J' ..-di inhibition. [!Vic\ 111-:th)'L) 

COJ\~C<lllt J<., = 0.2 111\•l) (29). 
Although cydophilin ;ind FKBP ;1.fC the only wcll-ch,1r.1cttri1,cd 

in1n1unopl1ilin<>, ot!i<:r 1ncn1lH:1 s of tl1i~ fa1nily arc known lo c.xi.~r ;111d 
;lie curicntly lit:ing invcsrig<HLd. For c.xarnplt.:, a C.'.st\-hinding pho.~­
phoprott'in of rc!ativc 1nolrcubr 1na~~ (i\1,) 4S,OOO has hecn tktcc\­
cd in Jurkilt cells (JO), ;Uld phosphoprotcins ot' 1\-lr 60,000 ;ind 
80,000 fro1n thi\ s.une cell line bind to both FK506 and r.lpa1nydn 
(28). The 11i11rtll gene of J)ni,<oplii/,1 (31, 32) and a :,econd cycln­
philin-rclaled gene in So(d111f"Oll!}'fl'S Cl'ft.?l'isial' (JJ) encode prokin~ 
that :,how high hornology to cydophi!in. Sc\'cr,11 k)\V 1nokcnl.1r 
\Veight, h.1sic proteins that ;trc 1ctained OJI C~A, l;K506, or f;lp.l· 

n1ycin allinit}' 1n;1triccs have ;1lso been noted (22, 28). P.triial 
sequence: dctt'nnination of FK506- and rap;unycin-binding in11nu-
11ophilins of A'1r 30,()00 and i\1r 13,000 has rc\'cakd that thc~c 

n1o!ecuks, tt1gethcr with FKBP, arc n1l·1nbcrs of a prcviou~ly 
unknown fa111ily of inunnnophilins (34). Que.~tions concerning 1hc 
biological relevance, the rota1n•He :l.Ctivity, and the affinity to the 
cognate ligands of these lo\v-abundance i1nn1unophilins should ~oon 
be ans\\'crcd. 

Although the exact cclluh'r concentrations of I•KBP a11d cydo­
philin arc not kno\Vn, both arc abtut<.bnt. .S;tturation binding in thl' 
c~·to.~ol of J111"kat cells "'as reported lo occur at > 5 rn\tl ditril io­
FK506 (27). 1\s FKBP is the prcdo1ninant cytoso!ic receptor li:Jr 
drug, thi.~ n1e;1H1rement is !argcl>' accounted for b~, i-;KBl1, ,\nd 11111'> 
the tylopbs111ic conc-entration uf FKBP n1.1y appro;1ch 5 ni\'1. The 
high-afllnity FKBP Jig.1nds FK.106 .1nd r.ip.l!HJ'Cin, howe\'cr, inhihi1 
T cell pn1lifcr~1tion .u subn;11101nohr concentr.uions (1nedian inhihi 
ti on concerll t ~uion I C.su -, U. 5 111\'l) (29, J5). Therefore, in hi hit ion of 
the r0Lu11asc acriviry or FKBP is very likely an in'>ufilcicnt require· 
n1cnr for n1edi;1ting the ilCtions or these drugs in T ly1nphorytr.\, 
hl'c;n1se only ;1 sn1all franion of the cnzyn1c \\'ould ht.: inhibited at 
dfrctivc drug conc-t·ntratio11s. Thi,s point ha'> been confinncd hy 
111cdunis1ic studies of FK506 ;u1d Llp.unycin (sec bclo\v); likcwi'>(', 
investigations of C..\A ;1nalogs support a .~ilnilar conclusion rcg,uding 
the rcitan1ast.: anivity of cydophilin (/2). 

Molecular Recognition by the Imnnmophilim 
The rornn1;1sc activity of 1hcst.: i1nnnu1ophilins ;UHi the ability ot" 

their i1nn1unosupprcssivc ligand~ to acl as rot.1nia~t: i11hibito1s 
provide an opportunity for c.xploration uf tl1c 111ulcc11br basis frir tht: 
high-a!linity intcrncrions that exist bet\vccn thc1n. Initial 1neclrnnistic 
studies of cyclophilin led to the sugg(·stion that G\l<1lysis of the 
inten:onverf.ion of ds- ;u1d /r1111s~1ota1ncrs of a peptide suhstr.nc i~ 
ad1icvcd by the frlrni~uinn or., t•ovalent bond to !he cirbuuyl of the 
p<:ptidyl·prolyl ainide with a cyslcinc-dcrivcd thin\ (36). Loss of 
aniidc rc.'lonancc \Vould he expC"cted to lo\ver the •lctivation h~111 il·f 
to rotation abont tl1l' ainide C N bond . .Site-directed nH1tagt'IH:si\ o( 
lnun.111 rcco1nbin.u1t ()'clophilin allowed tht• systt'lll~Hic rcplacc1111"111 
of ;\II four cyslcinc rt'siduc.'i in L)'clophi!in with alanin<:. lkcall~l' .111 
four 1n11t.u1t.~ cn7.yn1cs \\'ere fully acti\'c in rlit: rot.1n1~1sc ;1nd binding 
;1ss~1y.s, rysteinc \\';\.~ 111kd out a.~ ,1 p.1nicipating residlK" in cu.1ly.-;i~ 

(J7). 
Addition.1! rnechani~tic studies with both crclophilin (JS) .1111! 

FKBJl (39) \trongly ~11g~c~t th.n these t'll7-)'ll1l'S cat<ilyzc roLnncr 
inter.:<Hl\'lT~ion hy l\OflCOVJknt stabiliz;ltion of the (\\'isted ;lmidc 
tr.tn)ition .~tntc ti:1r the nonc11:1lyzt·d i~onicri7,1tion. The :11n1dc 
functionality exhibit~ ;1 ,qrong prd"crcncc for a pla11ar geo1ncu y, 
whcrt·in the nitrogen lone p.1ir i~ in conjng.uion \\'ith the c.irhi)nyl 
-;r-doud. Th<: c1w1·gy co~t of the t\vistcd a1nide Mructnrc (Fig. 21\) i\ 
l5 to 20 kc.ti (40). The stnICtural b.t~is fin· cyclophilin and FKl\P\ 
.1bility 10 stabilize this tr;111~ition-st,ne stnKttltT rnust a\\';lit fur1he1 
s1ructoral an~1ty.~c.~ of rot.1n1,1~e-pqnidc (fir inhibitor) co111pkx~·s. 

.'i< "J!'/>.'.CE, \'01.. J~, I 
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