
Conditional Circadian Dysfunction of the i ~ ~ l < s e s  ('). 
.As oher\-ei1 tor leaf nlir\-emel~t rh!-tl~m.. 

Arabidopsis early-flowering 3 MU tan t IIL, e l r e ~ ~ i l ~ i l ~  TII! tlllll 111 ~i(i??-/ l i i  tran>crip- 

Karen A. Hicks, Andrew J. Millar," Isabelle A. Carre," 
David E. Somers,+ Martin Straume, D. Ry Meeks-wagner,:: 11e. rel>re\elltint. 334 lylants were a l l a l ~ z e ~ l ,  

Steve A. Kay-1:;: and 0111v 1 I "%I i>t' tlw 111i1t;111t seeLI1111gj Jiy- 
l>lci~eil  circaillall rhyrhmliity u ~ ~ i l e r  co11- 
i t ; l l~ t  liYl1t cnniiltliins (5). C'rf a l l o p ~ ~ l a r i ~ > n  

Photoperiodic responses, such as the daylength-dependent control of reproduct~ve 
development, are associated with a circadian biological clock. The photoperiod- 
insensitive early-flowering 3 (elf3) mutant of Arabidopsis thaliana lacks rhythmicity in 
two distinct circadian-regulated processes. This defect was apparent only when plants 
were assayed under constant light conditions. elf3 mutants retain rhythmicity in 
constant dark and anticipate lightldark transit~ons under most lightldark regimes. The 
conditional arrhythmic phenotype suggests that the circadian pacemaker is intact in 
darkness in elf3 mutant plants, but the transduction of light signals to the circadian 
clock is impaired. 

t ~ o ~ l s ,  n.ltl1 a llleall perloci of 24.5 I 0.7 
110i1r. (5 ) ,  0 1 1  ,l\.erage, the  rll\-thln\ in \vilLl- 
type planrh \yere three- to f~ iu r to l~ l  htri)nFer 
tl1;ln i le te i ta l~le  rh\ thnlh 111 t.1t.i-1 .eedllny\. 

.Anal\-sl; o t  11)-pocotyl elonijat~nil  aug- 
zest5 tha t  mutant plants are det'ect~r.e 111 

I.i>tl~ lilue- .111~i r e r i - l i g l ~ t ~ i e ~ e n , i e n t  il1111l~l- 
t lon o t  l~yp~ic~>t!-l  gr~nvth ,  \ v ~ t h  o m e  yreater 
Jetect  111 re\yonse t ~ )  I71~1e llgllt (3) .  W e  
L)i~n;l tha t  zlt3 miitant seeLillnt.\ Ivere also 

n/fi111!- plant and animal speclei e l l ~ i h i t  
itrikinc Lie\-e10~7111e11t~il aLiak~tatio11q 111 I-e- 
.;yo11se tn c l ~ n ~ ~ e ~ n y  ilay1en:tlls ( 1  \ .  T111:: 

length of liyllt!~l,lrl; i \ .~lt i . ; ,  t11i.n d,~!-le11~tll- 
I I I S ~ I I S I T I \  e n l r~ t a l~ t ;  qi~clh AS 21f3 nla1- ,lhi)\v ;1 
d<t'c.ct 111 tli< i ~ r c a i l l a l ~  ~ - e ~ u l ~ r i o ~ ~  (it \ -AI-~ou< 

~. l< i - l  m r ~ t a l ~ t  qeeilli113 %.;a!-e;i in c i l l~s tant  
red light. ~inl!- 6 " ~  had ~ i e t e i t a l ~ l e  ciriai l lal~ 
r l ~ v t l ~ m i ~ ~ t v ,  wl~ereas o t  13  1 ?if-3-1 llli1tallt 

!VAT. P l ~ o t ~ ~ ~ e ~ - i ~ ~ i i l u  r<,yoli,e.; are meiil;lteLl 
1.v the c ~ c l l n g  of l~g l l t  and dark l - e r ~ o ~ i ~  and 
ha\.e lony I ~ e e n  t l ~ o i ~ i r l ~ t  to  lie tied to  a 
h ~ o l o g ~ c a l  clock. CircaJian rlhytllni\, with a 
iler~iidlcltv c l~ise  t ~ )  14 lloi~r.;, c ~ ) n t i n i ~ e  111 

plant pr~iceqqes. 
Leaf il~ovenient rh\-tllrn5 \\ere assayed 111 

131allt\ 11,~1110:yg~)~1~ tor eacl1 <it follr eli3 lllll- 

rant allele.: 1solareL1 in t n o  r\l-a!7idol~z~? 
eiotype.; ( 3 ) .  Plant le;l\.eq norm;lll\ 111~n.< 111 a 

\v~lJ- typ< plants assayed 111 con.;tant red 
llillit, 1CQ'"o l l ~ i \ ~ - e d  c ~ r c a d ~ a l i  r l l y t h m ~ c ~ t v ,  
1v1t11 a llleall rer~o,l  ot'34.7 I 0.4  Ilni~rs, anrl 

the ahience of li<lltldark cycle, an,l can he 
e n t r a ~ n e d  1.v e l l \ . i r c ~ ~ ~ m e n t d  s t i~ i i i~ l i  >i~clh a; 
11gllt or te1111-el-iiti11-e. .A 1-~)1e tol- circaLdian 

of 36 n.lld-r\-pe plant\  aiwyeil 111 c o ~ ~ s t a n t  
l l l i~e lleht, 102"11 a h ~ ~ w e i l  circailia11 rh!-tll- 
mlclt\-, nit11 ,I llleall perioil ~ ) f  2 t .S  C.6 
hollr.; (5, 8). T h u \ ,  I ~ ) t h  hlue- anLl r<d-llgllt 
.~t.nal> c,rn eai1.e zit-: mutants t ~ )  euhil-it 

iiri;iilial~ llicillller, ope11111g Lillrinij the day and 
c1<1\l11~ at nislht (4). Leaf mio.i-ement, p<r*l t  
111 \ ~ ~ l ~ I - t \ l l e  .~.I.LI/>IL/(J]I?~S s ~ ~ ~ I ~ I I I & ! <  ?r0\\-11 111 

c~~n . ; t an t  11t.llt I x ~ t  \\-ere i~n~ietect;ll-le in i.lf3 
mr~tanta iFic. 1 ). Lack o t  r l~v t l lm~c  leat 111o1.e- 

rl11-thma in p l ~ o t o ~ ~ e r ~ i ~ d ~ z m  in plalltq Ila. 
1 ~ e 1 l  ~ n d ~ c a r e d  171. the  iv i l lc  hen\i t i \- l t~ of 

Ill~lltS \ \a< <lb,<er\-eLi k>1- Jll >?ll?l?< te>teLl, 
\vlierea; I?orl~ par<ntal ecotypr:: iilsplayed 
rl11 t11111ii hel~avlor (Talllc. l i (5). 

111 . ~ T ~ I ~ ~ ~ L ~ o ~ I . < I s ~  as 111 I I I ~ I I Y  r l c ~ ~ ~ t h ,  tl-AII- 

\iriptlol? i ~ t  t.elle; el icoLl~ng the ih/o:.o/)h>\\ 
Ll/13 lllllLllll~ ~ll-,lteIll ( < ' l / l )  fL)llc>\v5 a e1rcLlLi1<111 
pattern (6). Tlil> c~rcai l~ , in  reiponse c ~ l i  1.e 
.letect<il 111 \ . I . ~ , L )  111 l > l ~ ~ l t q  conta~nl l ig  a 

arrl~!-tllnlli ieib2-11ii t r ; i~~si r lp t ion ,  a l t l l o i ~ ~ l l  
blue lifilit is clearly l e v  ef tec t~\ -e  than rcd 
l l t . l~t  in c a u i n g  Lirr! thnl~clt!-. 

.Althoilel~ ; ~ r r l ~ y t l ~ m i c  mi~tiint  alli.les 
~ ~ i e ~ ~ t ~ f i e ~ l  in ~1t11el- 51 >te111.; ( f i e ~ ~ o ~ l  <IIIJ ~ P ~ I c -  
~ S S  111 D~o5ci/Ih/~i al?,i f i t 'L l~ i t . ?~~? .  111 Nt.1ii.0- 
s ] ~ o r i ~ )  result 111 .I l;lcl< o t  ciriailian r l ~ y t l ~ l r n  
111 collita11t i i ) l l ~ l l t l ~ ~ ~ l \ .  tlle,e lllilt~l1t.; can 

L1 i t~on  tliall under . ; l~~)r t -~lay  :rL>\\th ~ O I I ~ I I -  
t lol~s.  (Jt the .irahiLiojx!i mi~r;l l~ts that ,il,pl,iv 
altered tlowesini_r time, ,I fa \ -  a1.o aliinv a l,rcl< 
~ ) t  ?e l~i i t i \ -~ ty  to ~layleni.th ( 2 ) .  Thi. z,i~I>-jI(,~i- 
t.ung ? (zit.3)  mi^ ta11t ,it .Ai.L~/~iCiol~.iis tlo\veri 

l111~1er tlie e011tri)l ot tlle ccrh2 pr i imi i t i~  (6). 
Tli< iLt/l2-L1ii tr;in<gene Jva.; ~ l i t r ~ i ~ i i ~ c e d  ilitu 
the  i.lc3-1 rn l~ t , i l~ t  I Y K ~ ~ ~ ~ I ~ I I I , ~  177 genetic 

~ll i~ti l l l t ,  ~.llon. 110 ,111t1cillatlon of llyht-to- 
Llilrl< or Liarl<-to-llL?llt trL311~ItlL)lls. LY/llLl-t!-iY 
.in;l elj.3-1 si.e,ll~n:.s were assayed Lir ;Llh_7- 

Table 1. F~n;i~-~-n~ct; of leaf ~rno?anent In c - t j p e  ancl elf3 seecllngs Data i r o n  at least t ~ ~ o  s ~ r ~ ~ l a r  
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Fig. 1 (left). Zil-cadian responses o' Columbia \::id type !A alid C) anc eifS-? -~ 

rn~ltalit (9 alicl D) n ~ ~ l i s t a l i i  g h t  conditions. (A anc 6) Seecliligs \::ere 300 ~ W i i d  type 18!6 
grc\::li for 5 i c  7 days befcre entfain~netit in 1 2 L  12D for ai east 2 days. Leaf 
pcsiticli \::as recorded it? cclistant Iglit in L~tiits of screen pxels (5, ,Dl. Typcal 
traces from one of iliree siniiar expel-metits are sho\;!ti for single coi!!eco~is. 
!C alid D: Seedlings $,;ere germnated on selective mecla and gfo.,;n fcr 5 
da!!s in 1 2 1  12D before transrer tc cclistalit light (5). Luminescence traces of 
,-ao2-:uc ex:,ression are si io3,~li iol- single seeciligs 'I-cln one of till-ee similar 
experinienis. Fig. 2 (right). Regc~aiion of cc.n2-(~:,- it1 $,;id type (A C ,  and 
E) anc e ' f 3 ;  tmutani seeciligs (9. 9, alid F) ~~l idervary i~ ig  g h i d a r <  regimes. o L  - - - - . - -  o - - - -- - 

irclicatec "~ith cpen iiigi-lt') anc iiiiecl (dai.4 boxes on tkle x axls. Seedlitlgs -;ere 0 24 48 72 96 120 0 24 48 72 96 120 

grc3,;n icr 5 days i l i  the gh tda rk  cycle indicatecl befcre ,-c.bZ-'u,- expression Time (hours) 
\+.!as recorded In tile salne concitions (5). Arithmetic means \;!ere calcuatec 
fro17 a popc~aiion of snge -seed~ ig  records. Simar results ':,!ere obseried for tiiree indepenceni hclnczygcus eif3-; F- families, (A! alicl 16). SC 1 ED: ( C  anc 
(Dl, 1 2 L  12D: :E! and IF!  I S L E D .  

i ~ i c  t ranscript ion i n  13-110~1r l iqhr:12-hoar 
.I<ark ( 1 2 L i I 2 D )  cycle;. R l ly thmic  ~L~h2- i t i i  
t r a n s c r i c t ~ o n  \\,as ohst.r\-e;i tiir l lo th  \I-ild 
r y r c  a n d  c.lf.3-1, a l r h o ~ ~ g h  t.lf.3 ~ z e d 1 i 1 - i ~ ~  
iho\\-e,i a11 increaseii r e s p i i l l , ~  ro llgllt nr 
Lia\\~~-i (Fi?. 1) .  E s p r e s s i i ~ n  i ~ f  ~Llb2-ltii i n  
h o r h  1~11~1 tj-pe a n d  zlf3-1 I?ec,in ro rise 

lleti>re rlle tra11sitio1-i tl.i>m darlc rn licrhr 2nd 
beq,an t o  decrease h e t ~ ~ r e  rlle rr,iniirion iroiu 
lig11t tc> Ll>l~l<. '41l<llL3gL>~ls reslllr> \yere oh-  
ser\.cJ for 'ecLi1l11gh g1.011-11 111 1?L,/12LJ c>-- 
clcz of reLl o r  lilue light (1;). quggcating tllClt 
e l thzr  ma\-elzngth u i  light is sui t icient  r o  
.Ir~\.c Jlurn,il ~ ~ ~ ! ) - ? - l ~ i c  r l lv th~l l i  i l l  elj3-1 111~1- 

ran t  scc;ll~ngs. T h e  rise ln ccrb2-\tic erpre5- 
a1011 i n  ?if-3-1 mr~ral-itj  l>efi)rc > u h ~ e c t i \ - e  
d , i \ ~ n  111 lig1lr,iLi,irk cycles quggcsrs r l l > ~ t  
d f 3 - 1  111~1r~lnr p l ~ l l r s  retLiin SOIIIC tl11lcriCi11s 
neceii'lr\- tor t h e  anricipnrion of l ight ,  pos- 
.;117ly ,is a resulr of ,I c ircadian cliiclc. 

If . .. 1' c ~ l i a ~  l,in respcIn.e.; are  ~ n r ~ m a t e l v  
connecrei i  ti? t h e  p h o t ~ p e r ~ ~ ~ i l c  conrrcil o t  
t l in~-er ine ,  t l l c ~ l  t h e  n - i lL l - t~pe-dr~~.e l l  
rhy t lun  'a11cI 1~:ave t ~ > r l n  ~ > t  cc1/72-/11~ espreb- 
s l im ~ u l ~ l c r  different L-hori>per~~>iis  m,av he  
,altercJ i n  <If3 inlr~r~intz. D r i v e n  rh\- t l lm\ i > t  
c a b - l l i i  i n  \I-ild-type seeiilint.2 g r o ~ ~ ~ l l  ~ 1 1 ~ 1  

anali-;rii ulliier th ree  i l ~ f i e r e n t  lighr/Ll~arl; c\-- 
cles all mail-itained a ? - t - l l i ) ~ ~ r  periiiii (Fig. 
3 ) .  I n  all tllree p11i)ri~pcrii)ils. cllCinges l n  
e s p r e s ~ i ~ ) n  of cn!32-l1ic an t~c~y ,a tc ; l  l?orll 
LIc~rl . - to- l~yl~t  < I I I ~  l i g l ~ t - t ~ - ~ h r k  ~KLII>I~LL>II~ ,  

a l though  11lore p romlnenr  r e y o n v h  t o  t l l r  i.ij3-I m u t a n t  sec;lllng\, t h e  \va\.e L>rm of 
l t - t - I  1 1 1  a - t - 1  t i t  ciih2-ll~i e s p r z s i n n  incre<aiillgl)- dl\-zreeid 
\\ere ol~hervei l  111 211.3-1 l ~ l ~ ~ r ~ a l l t s  t h a n  i n  t rom t v ~ l d  t)-pe as p11otopu1c~d len9rlleneLi 
\\-11~1 type.  T h e  t imlno  of r h c  Llecrc;l>c 111 (Fig. 1). I n  8 L i l 6 D  hhort-day c)-cles, rhvrh-  
ciib2-111~ crp~CiiI~JL1 1 - a r i d  n.it11 Liayle~lctll, nlic cc~h2-ltic cspresslon n-as similar l ?c tn~cen  
s l ~ c l l  tll,ir ,i 1,ater decreabe i n  ca!~2-l i i i  esyreb- \\,ild type ani i  clL3-1. u h e r e a s  espre i i i i ln  ~ > t  
s ion  \\-,is obscr\-eii i n  longer 3 a ~ l e n s t h s .  I11 ari.2-ltic i n  i.lfii-l ln lHL]GLI l o ~ - i ~ - d a \ -  c\-clcs 

Fig. 3. IA and 91 Seed- 
I tigs \were grown for 5 
days n 1 2 1  12D before 
be~ng tra~~sferred to con- 
stant dark for measure- 
ment of cai32-ILL expres- 
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Si !~ Ia r  results v5,:ere 01s- Time (hours) 
senled for three nclepen- 
clent e1f3-? F, i an ies  111 SIX expert-lents IA) \4/1lcl type: (B) e13-? (C and D) Seedngs \!!ere germnated 
and grov5,:n for 5 days 111 constant darkness before 1neasure!7eni of cab2-iuc expresson under constant 
clark conditons. Lul~nescelice traces of caa2-ILL ex1:resson al-e sho\v!n for snge seed~igs .  S !7a r  
results v5,:ere obtaned I -  t\v:o experments a i d  t i  measuretnents of popuatons of seedlings iC) sl?v, iD) 
~163- 7 se?v 



r e~eml~ lcd  r11,ir Lit co~-iqta~-ir liqllt ( F I ~  1 ) 
during the day ph,i.;e. Gi\.en that the \vave 
t o r n  ii l~ser\~ed 111 lii.htid,irk el-cles resr~lt.; 

lie L l ~ ~ e  rii a ileiect 111 one or l:~~tll iit t h e e  
rqr11ati .r~ ~ , i t l l \ \ - . 1 ~ .  

Ti1 trlrther te.t the llyl~i>tllc.;is thar '1 

c i rcad~an clock reiu,lins filnctional in clj-3-1 
m ~ ~ t ~ i n t s ,  \ve dssdveii iLd?-?- / l i i  es~1escii111 [In- 

\viltl type anLi ~11.3-1 mr~t,inrs, ~ n d i c a r ~ n g  the 
presei~ce of a dampcl~eii, long-yer~i>J 
r h y t h ~ l ~ .  This observation \vas cc~niirnleii I-v 

mic i~l/>2-/lli t ~ ~ l l ~ ~ ~ i p t l o l l  \\-~13 ~ b c r v e t j  111 

cilll>t'lllt cj'lrl< 111 l-c>tl1 sllj1enlC11'1 ( b i l l , )  a11cl 
clf.3-1 sill n l r ~ t ~ ~ n t  seeJllngs (Fiq. 3,  C anil 
LJ). djj-1 mrltants thcret;~re iii11t~1111 ,i flunc- 
riunal c~rcadian c l i~ck in cIarl<ncss llut ,ire 
arrhvtllm~c in c o n t ~ n r ~ o u ~  \\-hlte ligllt (LL). 

T h e  condi t~i~nal i tv  of arrl~ytl-imic ia l12-  
[tic esprcssiiln 111 tl1e 2111;-1 iur~tal-it. 1~1 th  a 
lack Lit rl-i~-rhm iil~scrved 111 ci.1-istallr liqht 
1 ~ 1 t  n ~ l t  111 collst~111t k ~ r k ,  tiyetl1cr \\-it11 
lncrca.;111~1r- altercil e s p r c , i ~ i ~ n  of i ~ l ! ? 2 - / i i i  
in 1e1lgthe1-ii1-i~ photi)peric>ili, auqirestr thar a 
1c.n:er i la~- lenvth-~~r  the 1 ~ ~ 1 ;  of a ilark , ~7 

per~i>cl-reults in the los5 ilf circadian reg- 
ulatlL>n in tl-ie , ~ h e n c c  of ELF? filnctii3n. 
.-\n ~ l t e r ~ t ~ o n  111 t n .~ )  i l i , t~ l~c t  cl~c;1~lia11 re- 
hpc>~ie\  \llg=~\ti r11,it the clf.3-1 ~l-iutar~iln 
c ~ u s c s  '1 clol~al ile&cr in c i r c a ~ i ~ a n  requla- 
tlon. The  r e t e n r ~ ~ ~ n  oi rh\-thm~clt\-  111 t.l~.;-l 

mutant cec;lllngs grc11\-11 111 c~>n>tan t  ,lark 
su:.qests t h ~ t  <l~3 1, n ~ > t  a .imple null muta- 
tion of an ii~c~llariir  c o r n p i i ~ ~ c l ~ r  itself. T h e  
~~re\ . i i iu i l~-  descr~beii Llefcct 111 l ~ a h t  1nl-i11>1- 
tion ot  hypi~cotl-l ~ ~ O I I ~ ~ I ~ I ~ I I  111 di3 ljrnut,lnt 
seeill~nr_rs is ini1icarir.c. ilt ELF3 f~111ctlon lie- 
lng reil~l~reii  tor ligllt l~erceptlon or riy1,il- 
ing. \S7e fi~\.iir ,i mLiiiel 111 1vhicl1 the ELF3 
gene puo.1~1ct t~~nct i i>nh 011 a l ight-~nput  
patl~n.a\ to the ~ 1 r c ~ l J ~ a l - i  o.;cill,itor, ,1nd 
r11,ir the ~ l ~ r r a n t  c o i > r ~ l ~ n , ~ t l ~ n  a t  l ~ g h t  and 
circ,iilian re:~~laror\- path\va\-a contr~iiures 
to the  altereil fli>n.erll-iq tillle anLi phL~toye- 
~ - i ~ l i l ~ c  111se11~1t~\ 1t1- L.l>serr-eLl 111 '>If.? I I I L I ~ ~ I ~ I ~ S .  
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Protection from Natural Killer Cell-Mediated 
Lysis by HLA-G Expression on Target Cells 
Laszlo Pazmany," Ofer Mandelboim," Mar Vales-Gomez, 
Daniel M. Davis, Hugh T. Reyburn, Jack L. Strominger 

The outermost layer of the human placenta is devoid of classical class I human leukocyte 
antigens (HLA-A, HLA-B, and HLA-C) and class I I  proteins (HLA-DR, HLA-DQ, and 
HLA-DP). Although this prevents recognition by maternal T lymphocytes, the lack of class 
I molecules leaves these cells susceptible to attack by natural killer (NK) cells. However, 
trophoblast cells directly in contact with the maternal tissues express the class I molecule 
HLA-G. which may be involved in protecting thetrophoblast from recognition by NKcells. 
Here evidence is provided that expression of HLA-G is sufficient to protect otherwise 
susceptible target cells from lysis by activated N K l  and NK2 cell lines and clones that 
are specific for distinct groups of HLA-C alleles. The receptors on NK cells that recognize 
HLA-G are also identified. 
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