
28 N. S Morrssette. V. Bedan. P, lpi"ebster. D. S. Roos, 
Exp Paras~tol 79, 445 (1 994). 

29 Extracellular tachyzo~tes were f~xed for 1 iiour on Ice n 
43a PBS-buffered formaldehyde ar'd ther' for 12 iiours 
at 4-C r 8% PBS-buffered formaldehyde. The cell sus- 
person was embedded In 10C3 geatn, rcubated for 2 
hours at 4'C n PBS cor'ta~nirg 2 3 M sucrose, and 
'rozen n q u d  litroger Utrathn sectons of the frozer 
sanipes were freshly prepared before each hybr~dza- 
tor' expermer't. Crjosect~ors were ~rarsferred to grds 
ar'd dgested for 40 Inn at 37°C I -  2 x  SSC contanlig 
230 ~ g ! m i  of DNase-free RNase A. Cellular DNAs were 
der'atured for 5 m n  at 73-C r 70% formatnde (ir 2 x  
SSC), chled on Ice, transferred to 53C'c formamde (In 
2 x  SSC) ard Incubated briefly at 25'C Sectons were 
hybr~dzed for I 2 hours at 37°C n a I ium~df~ed chainber 
I' 5 K I  of hybrdzation mx  co r tan~ ig  13 to 23 rrg ' ~ l  of 
DNA probe 126), washed three tmes for 5 m n  at 25-C n 
4X SSC, twce for 3 mr' at 37-C r 5033 formamde (ir 
2X SSCI, twce for 5 m n  at 25-C n 2X SSC, and kept 
r 4 x  SSC at 25°C before star'ng Hybr~dzed probe 
was detected w~th polyclonal sheep ant-digoxige~ir, 
followed by a secondary rabb~t ant~body directed 
agairst sheep ~mmuroglobul~n G (Perce), and Prote~i A 
conjugated to 10-r'm pait~cles of gold lmmunogold- 
labeled sectiors were blocked for 23 m n  at 25-C ir- 4 x  
SSC cortainng 3 S33 block~rg reagent and were ~ i c u -  
bated w~th a monoclonal artibody agair'st DNA, fol- 
lowed by a rabbit antlnouse secor'da~] ar't~body ar'd 
proten Aconugated to 5-rni gold paitces To r'ipro$,e 
tile contrast of membranous structures, we counter- 
sta~ned hybr~dized crjosectior's or' Ice for 13 tnirr n 
0.335 aqueous urany acetate pus 236 niethylcell~~lose. 
Gr~ds were ar-dr~ed or  loops and examned w~th a Ph~l- 
Ips EM430 mlcroscope. 

30 The antbody drected agarst DNA ilsed I -  F g  2A 
probably recogrizes both er'dogenous DNA and the 
d~gox~ger~r'labeled probe Smiary ,  the 5-nm god- 
proter A corugate i ~ s e d  to v~sual~ze tills antibody 
(by mealis of a secondary rabbi antbody) IS poten- 
tally able to recogr-re any atit-dgoxigenn that re- 
mared  unblocked Comparable stanng witti ant-  
body agalnst DNA ?vas observed e\'er' I -  the a=- 
ser'ce of a DNA proce, howel'er 1F1g. 2C1, or ?vher' 
control pasmd  was used as a probe. Cryosectons 
labeled witti antbody to DNA befote tile appcation 
of anti-d~gox~ger-.~~' also showed co-local~zat~or of 
large and small gold parices. The apparent custer- 
r g  of label r Fig. 2, A alid B,  may bea r  aitfact of n 
s tu  hybrdzator cor'dtons, because antibody d -  
rected agar'st DNA labels the orgar-ele unformy 
(Fig 2C). 

31 11-fected cultures were f~xed for 45 mln in freshly 
prepared 50 mM phosphate buffer (pH 6.3) cor'tar- 
ing 1 3'c gutaradehyde and 1 'a OsO, rnsed n d s -  
t l ed  ?vater, staned I -  0.535 urary acetate o\<err'ght, 
dehydrated, and embedded I' Epon. Utrathn sec- 
tons ?vere p~cked up o r  ur'coated g r d s  staned w ~ t h  
urar'y acetate ar'd lead c~trate, a rd  examired witti a 
P h l p s  230 electror mlcroscope. 

32. A total of 65 sequences, ncudr'g nearly all avaabe 
bacterial sequences ar'd representative plastid se- 
quences, were agned us~r-g PILEUP [Ger'et~cs 
Computer Group, Madsor ,  W 11991)l. with mar'ual 
refinemer-t o r  the bass of secondaly structural I-for- 
maton. Maxmum l~kel~hood analyss ?vas performed 
with fastDNAm v1.3.6 [G J. Olsen, Li Matsuda. R.  
Liagstrom, R.  Overbeek, CABIOS 10, 41 (199411. 
comped  as parallel code runr-r'g on an n r e  Para- 
gor' 64-node parltlon. Three random add~r~on se- 
auences and global swapprg were used, but t can- 
not be guaranteed that the tree fourd is the hghest 
kelihood tree possible Bootstrap data sets and 
colisensus trees v!ere generated u s r g  PHYLIP tools 
SEQBOOT ard  CONSENSE [J. Fesensteir-, Ur'\'er- 
s~ty of Lliasiingtor Seattle, WA (199311 Bootstrap 
repcares were arayzed v!tii fastDNAtn usirg a sn -  
gle rar-don1 add~t~on sequerce ard  local branch 
s?vapping orly, LogDet, parsmony, and co?straint 
analyses v!ere performed w t h  PAUP'4.3d48 [D. L 
S?vofford; Smthsorar  lr'stitut~or. Washngton. DC 
( l996) l  L I S I I ? ~  rruceotde data frotn the f~rst a rd  sec- 
ond codon pos~tons and bootstrapping was carr~ed 
out usng 100 repcates w~ th  random addton se- 
qiler'ces (where approprate) LogDet d~stances are 

ro t  drecty comparable to standard dstalices but 
y e d  addtve dstances under any Markov model 
wher s~tes are e\/oI\'~ng ndeperder'tly and at the 
same rate (9). 
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Evidence for a Family of Archaeal ATPases 

T h e  analysis by Carol J .  Bult et al. of the 
Methnnococctts ja~~nnschii genome included 
tamdies o t  paralogous protenis that did not 
seem to have counte~marts ill the current se- 
quence databases (1).  The largest of such 
farn~lies co~ls~sts  o t  13 chromosomal and three 
plasmid-encoiled proteins, which \Yere found 
to be h~ghly si~nilar to one a~iother [figure 6 111 
( I ) ] ,  but d ~ d  not show stat~st~cally sig~lifica~lt 
similarity to ally proteins, thus escaping tunc- 
tional preiliction. Our i~lspect~on of the align- 
ment, however, indicates that two of the con- 
served secluence blocks correspond to well- 
characteriied tunct io~~al  motifs: namely, the 
phosphate-bmding P-loop and the blg2-- 
binding site that are conserved in a vast vari- 
ety of ATPases and GTPases (Fig. 1 and 2-4). 
Even though nlost commonly used methods 
for database search such as BLASTP 15) , , 

sho\ved only nlargi~ially s~gnificant sim~larity 
to several ATPases, a new version ot  the 
BLASTP program that constructs local al~gtl- 
lnents with gaps (6) itldicated a probability of 
inatchine bv chance bet~veen lop4 and lop" 
tor some-of'the proteins in the new archaeal 
family and bacterial D1ia.4 proteins; the con- 
servation was particularly notable in the two 
ATPase motifs (Fie. 1).  Thus, even thoueh 

u L 

these 16 proteins co~liprise a novel falllily that 
is so far represented o~l ly  in archaea, they 
appear to belong to a known broad class of 
proteins, and \ve predict that they possess 
ATPase act~vitv. 

Screening of the nonredundant protell1 se- 
iluence database at the National Center for 
Biotechllology It~formation (National Insti- 
tutes of Health, Bethesda, blD), \ \ ~ t h  a bi- 
partite pattern representing the specific tor~ns 
of the  two ATPase motifs conserved in the  
M ,  jat~nasch~i family-namely, hhhhGx4-  
GK[TS]x,,hhlihD[DE] (11 indicates a bulky 
hydrophobic residue), selected 271 pro- 
teins, all of ~vh ich  are either known to 
possess ATPase activity or are highly simi- 
lar to ATPases. In  addition to DnaA, this 
list includes a number of ~nernbers o t  the  
so-called A A A  ATPase family (7) ;  the  sim- 
ilarity between these proteins and DnaA 

has been noted before (4).  Many o t  the A A A  
hniily proteins possess chaperone-like actlvlty 
and, in particular, are i11r7olved In .4TP.de. 
pendent proteolysis; examples include bacte- 
rial proteins ClpA, ClpB, ClpX, FtsH, and 
HslU; proteasome components; and yeast 
HSP78 (7). blembers of the novel archaeal 
protein f a ~ n ~ l y  could also perform chaperone- 
l ~ k e  functio~is. This is particularly plausible, 
because h'i, jannaschil does not encode several 
molecular chaperones that are ubiquitous and 
highly conserved it1 bacteria and eukaryotes- 
tlamely, ~nernbers of the HSP70, HSP90, and 
HSP40 famil~es. It remains to be seen how 
typical IS this \ i tuat~on in archaea. 

Finally, the  fanlily of putative ATPases 
contains a third striltingly conserved niotit 
with two invariatlt histidines and one in- 
variant cysteine (Fig. 1). Even though this 
r n o t ~ t  did not show statistically significant 
si~nilaritv to  aliv nroteins in the  database, , 

this may be a specific metal-binding site, 
and some rese~nblatlce of the  divalent cat- 
ion-binding motif in bacterial Fur proteins 
that are metal-dependent trallscriptio~i reg- 
ulators (8) coulil be detected (Fig. 1) .  Two 
observations seem relevant: ( i )  O n e  of the  
c h a ~ ~ e r o n e  ATPases, FtsH, colitaitls a met- 
al-binding motif conserved in its bacterial 
and eukaryotic ho~nologs and is a Zn-de- 
pendent protease (9) .  ( i i)  Methanococcus 
jnnnnschii encodes a t  least two other puta- 
tive ATPases, namely, the predicted pro- 
teins MJO578 and MJO579 that also contain 
a metal-binding domain, it1 these cases a 
ferredoxi~i-like domain (1 0). 

Thus, analysis of conserved  noti its and ap- 
olicat~otl of additional niethods for seauence 
database search yields specific f~~nct ional  pre- 
dictions tor archaeal protein.; that initially 
appeared to comprise a unique tam11y. There 
is l~t t le  doubt that further exploration of the 
,\/I. jannnschii gellome sequence bring 
Inore interesting finiiings. 
Eugene V. Koonin, National Center for Bio- 
technology Infomation, National Library of 
Medicine, National lnstitiites of Health, Beth- 
e s h ,  M D  20894. L;SA 
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T 
ATP consensus <hhh>GxxxxGKS 

DNAA-BACSU 
Consensus 
MJ0074 
MJ0075 
MJ0147 
MJ0439 
MJ0625 
MJ0632 
MJ0801 
MJ1006 
MJlOlO 
MJ1076 
MJ1301 
MJ1609 
MJ1659 
MJECLl4 
MJECL15 
MJECL26 
FUR-ECOLI 

~ g * +  binding 

LhxxLFxhhhxLTKx $SD$LFIExhYxxxxL 
LIYELFNYFVSLTKH SSDSLFIERVYNEAML 
LIDDLFNFFVRLTKE SSDSLFIEYVYDRAEL 
LLKELFQFLVSLTKE SSDSLFIEYVYSAGEL 
LIYELFNYFVDLTKE SSDSLFIEQVYSEAML 
LLNELFNLFVSLTKM TSDTLFIEEIYQSSTL 
LIYELFNYFVSLTKH SSDSLFIERVYNEAML 
LLKELFQFLVSLTKE SSDSLFIEYVYSTGEL 
LLNELFNLFVHLTKV TSDTLFIEEIYRNSTL 
LIYELFNYFVSLTKH SSDSLFIERVYNEAML 
LLNELFNLFVSLTKM TSDTLFIDNVYRNSSL 
LIYELFNYFVSLTKH SSDSLFIERVYNEAML 
LLWSLFQFLVALTKV SSDSLFIEYVYKTGEL 
LIYELFNFFIDLTKE SSDSLFIERVYNEGTL 
LLKSLFQFLVSLTKE SSDSLFIEYVYNAGEL 
LLWSLFQFLVALTKV SSDSLFIEYIYGKAEL 
LLNELFNLFVSLTKM TSDTLFIDEIYRNSTL 

LTQQ 

Fig 1. Agnment of the three conserved motfs n the novel famly of putatve archaea ATPases. Alignment was constructed usng the MACAW program 
(1 1). Consensus shows amlno acd resdues conserved n all of the 16 aligned sequences; h indcates a bulky hydrophobc resdue ( I ,  L. V.  M ,  F, Y,  W); $ 
indcates serne or threonine. Dstances from the protein N-termn~ and distances between the alignment blocks are indicated by numbers. Fragments of 
the Bacillus siibtilis DnaA prote~n and Escherichia coh Fur proteln are shown for comparson. Two ATPase motifs and the consewed hstdine and cysteine 
resdues In the predcted metal-b~ndng site are shown by reversed type. ATPase motif consensus IS from (4),  <hhh> Indicates that three out of fve 
res~dues precedng the f~rst lnvarant G in the P-loop and the first D in the Mg2+bnding motif are bulky and hydrophobic, In addton to the proteins shown, 
open readng frames MJ0819. MJ0820, and MJ0821 appear to represent remnants of a disrupted gene codng for a putative ATPase of the same famy. 
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The differences in lnen-hrane behaviors 

Aquaporins and Ion Conductance 

A. J.  Yool et al, studied ~nernbrane conduc- 
tance in Xenopus laecis oocytes injected 
with aquaporinl complementary RNA 
(AQPI cRNA) and concl~lded that the 
conductance observed represented an in- 
trinsic property of the protein (1 ). K7e have 
reevaluated our om7n studies of the A Q P l  
protein and have conducted new experi- 
ments; our results support our earlier con- 
clusion that A Q P l  transports water, but 
does not conduct ions (2 ) .  

As measured in our laboratory (21, oocytes 
injected with water (as a control) or with 
AQPl cRN.4 exhibited similar, loa~ conduc- 
tances, n.hile their pernleabilities to n.ater 
differed greatly [coefficient of oslllotic water 
permeability (P,)-10 pm/s and -200 pm/ 
s, respectively]. Because we had not previ- 
ously investigated effects of for- 
skolin on membrane-conducta~~ce, we used 

a t~o-electrode voltage clamp. Yool et al. 
( I )  describe a rising scale of currents (mea- 
sured in l@@ 11lM NaCl, 2 ml\/l KC1, 4.3 ml\/l 
XlgCII, and 5 mM Hepes; pH 7.3): water- 
injected oocytes rose 2.9 pA/V; AQPl oo- 
cytes, 8.6 p.4/V: and AQPl  oocytes with 
forskolin, 63 pA/V. In contrast, using stan- 
dard conditions (frog Ringers solution: 115 
1nM NaCl, 2 mbl KC1, 1 rnhl CaCI,, 1 mX1 
blgC12, and 5 ml\/l Hepes; pH 7.41, ive did 
not see any significant difference in mem- 
brane conductance when uater-injected 
oocytes (n  = 7) or A Q P l  oocytes (n  = 20) 
Kere compared before or after forskolin 
treatment ( < 1  pA/V for all measure- 
~nents ) .  We obtained similar results when 
CaCll was onlitted or a.hen 0.5 mX1 4.4'- 
diisothiocyanato-stilhene-2,2'-disulf~>11ate 
(DIDS, Sigma, St. Louis, M0) was added to 
the solutions. Because AQPl does not con- 

observed in our laboratories are not a result 
of the AQPl cDNA, because the construct 
used by Yool et al. calne iron1 our laboratory. 
Recently, a-e provided oocytes injected 
a-ith AQPl cRNA in our laboratory to Yo01 
et al.; when they analyzed these oocytes in 
their laboratory using their technique, for- 
sko1i11-induced ion currents were observed 
(3). The explanation for this discrepancy is 
not kno~vn.  
Peter Agre ,  M. Douglas Lee ,  Sreenivas 
Deuidas, W i l l i a m  B. Guggino,  Johns Hop- 
/<ins L'niversity School of Medicine, Baltimore, 
MD 2 1235-2 185, USA 
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T h e  description by Yo01 et al. ( 1 )  of the 
stimulation of cation permeability in A Q P l  
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