
The cr~terla were that there be a good number of 
cells, good behav~or on the apparatus. and at least 
15 mln of good sleep both before and after the be- 
havioral sesslon These were lnforma criter~a, but the 
data sets were chosen before any analyses were 
performed on them. The data were taken from ani- 
mals involved ~n a varlety of experments. ncludng. 
for example, a study of the effects of agng on rat 
hippocampal activity Every data set that was ana- 
lyzed IS presented ~n this report. 

12. The value of the "cross-correlation" functon x,(t). 
as used here, was equal to the number of pars of 
spkes, one from cell i and the other from cell j ,  that 
were separated by an interspke Interval in the range 
( i  , t + At ), where A i  IS the bin sze The measure of 
temporal asymmetry used here is, however, nde- 
pendent of the bin slze, so long as t IS small The 
measure of temporal asymmetb) was 

J ,  J ,,>,> 

B,, measures the d~fference between the number of 
eiients n whlch a sp~ke from cell i was followed w~ th~n  
200 ms by a spke from cell] and the number of events 
in whlch a spke from cell! was followed w~th;n 200 rrs 
by a sp~ke frorr cell i. possibly w~th  other spikes of e~ther 
cell ~n between Note that B, = -6,.  Ths reversal of sgn 
as a consequence of exch'anglng the cells rrakes the 
iempora b~as measure qulte d~fferent f ror,  a s~mple 
correlaton rreasure of the type used by Wlson and 
McNaughton fa), which keeps the same value if the two 
cells are exchanged To rrlnmze the possibty of artl- 
facts caused by shrnkage of spke arrpl~tude when a 
cell IS hghy actve, we used only palrs of cells recorded 
from different tetrodes n the analyses. 

13 Our m a r  concern ~n t hs  study was to establ~sh the 
reality of the phenomenon In as stra~ghtfo~.~!ard a 
way as possible Therefore, we thought it preferable 
to avo~d any man~puations of the data that were not 
absolutely necessary. such as rescal~ng or thresh- 
olding It is ke ly  that the relat~ons reported here 
~vould be stronger f ,  for example, only pars of cells 
w t h  overlappng place felds were included. 

14 As ment~oned previously. we calculated the temporal 
b~as ~n these analyses uslng a time window of ?200 ms. 
We also experimented wlth t~me w~ndows of 50, 100. 
500. and 10S.0 ms. Slgnlflcant effects could beseen for 
some of the recordng sessions w~th  t r , e  windows of 
100 and 500 rrs, but they appeared to be less consls- 
tent. We also expermented w~th dfferent tme windows 
forthesleep and track-runnng sessions, but again, tme 
windows of 200 ms for both yielded the most consistent 
evdencefor reproducton of terrpora bas Durng track 
runnng, a time wndow of 200 rrs captures the reaton 
of rrost pars of cells with overlapping place f~elds but 
yields zero for most pairs whose felds are more wdey 
separated, dur~ng sleep, a tlrne window of 200 ms cap- 
tures relations that occur w~ thn  nd~v~dual sharp waves 
but rarely encompasses two consecut~ve sharp waves 
Buzsak; (5) suggested that behav~ora sequences may 
be compressed Into the t~r re  wndow of indvdua sharp 
waves, and Skaggs er a/, (77) have shown ev~dence 
that sequences are corrpressed w~ thn  Individual theta 
cycles 

15 Long-term potentlation n the rat hippocarrpus is 
thought to have a duration of days to weeks [(P); C A 
Barnes. J. Comp. Physiol Psycho1 931. 74 (1 979/] 
Why, then, would temporal b~as be reproduced prefer- 
entially during sleep after behaii~or In a farril~ar envron- 
ren t?  One poss~b~l~ry IS that the effects are the result of 
the early. decrerrenta component of LTP, known as 
short-term potentat~on, which has a rime course of 5 to 
40 mln [R Malenka. i'deuro~ 6. 53 (1991): A. Colino, 
Y.-Y Huang. R. C. Malenka. J. Neurosci. 12. 180 
(1 Y92)] Another theoretical possbl~ty, whch remans to 
be explored, IS ihat the obsetved pattern of temporal 
bias results from a combinaton of long-asting tempo- 
rally asymmetric LTP w~th a short-ast~ng postbehavioral 
enhancement of the actlv~ty level of ndiiidual units. as 
observed by Pavdes and W~nson (7). However no 
such enhancement In act~vlty was observable ~n our 
data; ths dscrepancy r , ay  be because Paiilides and 
Winson obtaned their results by confinng each rat In- 
side the place fled of each cell for an extended period of 
t'me 
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An RNA Polymerase II Elongation Factor 
Encoded by the Human ELL Gene 

Ali Shilatifard, William S. Lane, Kenneth W. Jackson, 
Ronald C. Conaway, Joan W. Conaway* 

The human ELL gene on chromosome 19 undergoes frequent translocations with the 
trithorax-like MLL gene on chromosome 11 in acute myeloid leukemias. Here, ELL was 
shown to encode a previously uncharacterized elongation factor that can increase the 
catalytic rate of RNA polymerase II transcription by suppressing transient pausing by 
polymerase at multiple sites along the DNA. Functionally, ELL resembles Elongin (SIII), a 
transcription elongation factor regulated by the product of the von Hippel-Lindau (VHL) 
tumor suppressor gene. The discovery of a second elongation factor implicated in on- 
cogenesis provides further support for a close connection between the regulation of 
transcription elongation and cell growth. 

T h e  identification of genes at breaknoints of 
u 

frequently occurring chromosomal transloca- 
tions has led to the dlscoverv of cellular nro- 
reins that are involved in oncogenesis.  he 
fact that many of these protelns are transcrlp- 
tlon factors ~llustrates the critical role of tran- 
scriptional deregulation in human cancer (1, 
2).  One form of acute rnyeloid leukemia re- 
sults from a t(11;19)(q23;p13.1) translocation 
between the ELL gene (also called MEN) on 
chrornosorne 19 and the MLL gene (also 
called Htrx, ALL- I ,  and HRX) on chromo- 
some 11 (3). The predicted open reading 
frame (ORF) of the human ELL gene provides 
few clues to its role in either normal cell 
growth or leukemogenesis; the ELL gene en- 
codes a basic, 621-amino acid protein that is 
ubiquitously expressed and highly conserved 
throughout evolution but exhibits no obvious 
homology to known protelns (3). The MLL 
gene encodes a 3968-amino acid protein; the 
NH,-terminal reglons of MLL are similar to 
A-T hook DNA-bind~ng and methyltrans- 
ferase-like domains, and the COOH-terminal 
reglon of MLL 1s slmllar to that encoded by 
the Drosophlln gene tr~thorax with a transcrip- 
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tional activation domain downstream of sev- 
eral contiguous zinc fingers (4,  5). The puta- 
tive oncogene generated by the t(11;19) 
translocation encodes an NH,-MLL-ELL- 
COOIH f ~ ~ s i o n  protein that contains nearly 
the entire ELL ORF and the NH,-terminal 
1300 amino acids of iL4LL, including its A-T 
hook and methyltransferase-like domains but 
lacking its COOIH-terminal transcriptional 
activation domain and zinc fingers (3). 

Recently, we purified an R N A  polymer- 
ase I1 transcription factor from rat liver 
nuclear extracts by means of the procedure 
outlined in Fig. 1A (6). During purification, 
this factor was assayed by ~ t s  ability to stlm- 
ulate the rate of accumulation of 135-nucle- 
otide (nt)  transcripts synthesized by RNA 
polymerase 11 on the T-less cassette of the 
oligo(dC)-tailed template pCpGR220 S/P/X 
(7, 8). Analysis by SDS-polyacrylamide gel 
electrophoresis (PAGE) of fractions from the 
final PLRP-S reversed-phase high-perfor- 
mance liquid chromatography (rpIHPLC) 
colurnn revealed that transcriptional activity 
copurified with a single -80-kD polypeptide 
(p80) (Fig. IB), which stimulates transcrlp- 
tion by RNA polymerase I1 in a dose-depen- 
dent manner (Fig. 1C). Results of pulse- 
chase experiments indicated that the factor 
is capable of stimulat~ng the rate of elonga- 
tion of promoter-specif~c transcripts synthe- 
sized by RNA polymerase 11. Transcription 
was initiated at the adenovirus 2 major late 
(AdML) promoter by addltion of adenos~ne 
triphosphate (ATP), guanosine triphosphate 

SCIENCE VOL. 271 29 MARCH 1996 1873 



Fig. 1. Purification and A ,,, B D P 

nusku mne( 
I- 

transcription activity of 12 13 14 IS 16 17 18 19 20 21 22 23 +p80 3 

rat p80. (A) Purification + M, (W (DEAE-NPR fraction) 

of rat p80. P-cell, phos- -'NHw4 I E + 97 - 2 5 10 15 20 30 2 5 10 15 20 30 30 Chasetime 
phocellulose P-1 1 ; Phe- P-II 86- 4 pso --a b i n )  
nyl FF, Phenyl Sepha- 4 

45 - 
rose-6 Fast Flow; TSK- -, ,, 
Phenyl, Bio-Gel TSK 1 31 - , B - 4 .d lL  

phenyl-5PW. (B) Co- m FF 

chromatography of rat i.o-Nufl, i 
p80 and transcription O . ~ Z ~ S I  + 135 nt ) 
activity. Upper panel: Ali- .- 
quots of PLRP-S fractions 

t 
were subjected to 10% 
SDS-PAGE, and proteins 0.1b0.a 

were visualized by silver 
+ - f 4 

staining. Middle panel: Ali- 2 %. 
quots of PLRP-S fractions 1 2  3 4 j 6 T S  U G ~ T ~ Z  13 

were renatured (21) and + - L 

TLIK-PknyI assayed for their ability to -30 rnin to mln 

stimulate synthesis of the 
135-nt transcript from the Template rNTPs Excess stop 

T-less cassette of the oli- cold CTP 
,- 

go(dc)-tailed template -M ,a O I S :  2 E " Z R z R R  lnttlatlon [~~P]CTP -80 

pCpGR220 S/P/X (8). 0.07M 0a-o.z~ 
factors 

Fraction number 
Lower panel: Synthesis of 4 POI II 
the 135-nt transcript was 

W.OX ACN quantitated with a Mok- a 0 ~ 1 0 3 0 5 0 7 0 n g p a o  

ular Dynamics Phosphor- @ -4135nl 
Imager. (C) Renatured 
PLRP-Spurified rat p80 stimulates synthesis of the1 35-nt transcript in a dose- 10 pCi of [a-32P]CTP (400 Ci/mmol, Amersham) (rNTPs), and 7 mM MgCI,. 
dependent fashion. (D) Effect of the p80 DEAE-NPR fraction on the kinetics of After 10 min at 28"C, 100 pM nonradioactive CTP was added to reaction 
promoter-dependent transcription by RNA polymerase II. Preinitiation com- mixtures. Where indicated, 1 pl of the p80 DEAE-NPR fraction (6) was added 
plexes were assembled at the AdML promoter as described (22) with recom- to reaction mixtures, which were then incubated further for the times indicat- 
binant TBP, TFIIB, TFIIE, TFIIF, TFIIH, and purified rat RNA polymerase II. ed. Transcripts were analyzed by electrophoresis through a 6% polyacryl- 
Transcription was initiated by addition of 50 pM ATP, 50 pM GTP, 2 pM UTP, amide, 7.0 M urea gel. 

(GTP), uridine tri~hosphate (UTP), and 
[a-32P]cytidine triphosphate (CTP) to reac- 
tion mixtures that contained RNA polymer- 
ase 11, the general initiation factors TBP, 
TFIIB, TFIIE, TFIIF, and TFIIH, and a DNA 
fragment containing the AdML promoter. 
The short, accurately initiated transcripts syn- 
thesized during a 10-min incubation were 
then chased by addition of a large excess of 
nonradioactive CTP in the absence or pres- 
ence of p80 purified through the DEAE-NPR 
step (6). Comparison of lanes 1 to 6 and 7 to 
12 of Fig. 1D reveals that the p80 fraction 
stimulated the rate of appearance of full- 
length runoff transcripts. After p80 was di- 
gested with trypsin, the NH2-terminal se- 
quences of several tryptic peptides were deter- 
mined by sequential Edman degradation (9). 
A database search revealed that the sequences 
of four p80 tryptic peptides exactly matched 
sequences in the human ELL gene (3) and 
that the sequences of three additional pep- 
tides were 71, 62, and 50% identical to hu- 
man ELL sequences (Fig. 2). 

To investigate the possibility that the hu- 
man ELL gene encodes an RNA polymerase 
I1 transcription factor similar to rat p80, we 
subcloned the ELL complementary DNA 
(cDNA) into a bacteriophage M13 expression 
vector under the control of the T7 RNA 
polymerase promoter and expressed it in Esch- 
erich cob with an NH2-terminal histidine 

1 874 

(His) tag (10). The recombinant ELL protein 
was purified to homogeneity from guanidine- 
solubilized inclusion bodies (10) and was as- 
sayed for transcriptional activity (8). The ELL 
cDNA encoded an -80-kD polypeptide with 
an electrophoretic mobility that was indistin- 
guishable from that of purified rat p80 (Fig. 
3A). Like rat p80, the recombinant ELL pro- 
tein could stimulate the rate of accumulation 
of 135-nt transcripts synthesized by RNA 
polymerase I1 on the T-less cassette of the 
oligo(dC)-tailed template pCpGR220 S/P/X 
(Fig. 3B). In contrast, an identically prepared 
protein fraction from bacterial cells expressing 
an irrelevant protein had no detectable effect 
on transcription (Fig. 3B). In control experi- 
ments, ELL-stimulated transcription was sen- 
sitive to a-amanitin (Fig. 3B, lane 10) and 
was dependent on added RNA polymerase I1 
(11). 

The results of pulse-chase experiments in- 
dicate that the ELL protein is an RNA poly- 
merase I1 elongation factor that can function 
either during promoter-independent tran- 
scription on an oligo(dC)-tailed template or 
during promoter-specific transcription in the 
presence of the general initiation factors. In 
one experiment (Fig. 3C), transcription was 
initiated by addition of RNA polymerase I1 to 
reaction mixtures that contained oligo(dC)- 
tailed template pCpGR220 S/P/X, ATP, 
GTP, and [a-32P]CTP but did not contain 
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R* p80 1 DWPGYSEGDQQLLK 14 
I I I I I I I I I I I I I I  

HumanELL 272 DWPGYSEGDQQLLK 285 

R* psO 1 RLIAEYDQRQLQAWP 15 
I I I I I I I I I I I I I I I  

HumanELL 607 R L  IAEYDQRQLQAWP 621 

Rat W 1 DKER 4 
I I I I  

Human ELL 457 DKE R 460 

Rat pso 1 s e L l l r L Q k 9  
I I I I I I I I I  

HummELL 223 AELLLRLQK 231 

hi pso 1 DTLDSLLQQVASVNPK 16 
I . I I : I I I I I I . : . : I  

HumanELL 240 DALDGLLQQVANMSAK255 

R* psO 1 RSQQTDF l DPLASK 14 
I I . . I I I I I I I . I  

HumanELL 324 RLQPPDF I DPLANK 337 

R* psO 1 L P L L T D F P Q A E Q P A s d  16 
I I I I I I  : I : . . I  . 

HumanELL 427 LPLLTOCAQPSRPHGS 442 

Fig. 2. Sequence similarity of tryptic fragments of 
rat p80 and predicted amino acid sequence of 
human ELL protein. Capital letters indicate the 
highest probability sequence. Abbreviations for 
the amino acid residues are as follows: A, Ala; C, 
Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I ,  Ile; K, 
Lys; L, Leu; M,  Met; N, Asn; P, Pro; Q, Gln; R, Arg; 
S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr. 

UTP. The resulting 135-nt transcripts were 
then chased, in the absence or presence of 
ELL protein, by addition of UTP and a large 
excess of nonradioactive CTP. At the conclu- 
sion of the reaction, transcripts synthesized in 
the presence of ELL protein were substantially 
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Fig. 3. Expression and tran- 
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I I I 
Template rNTPs Excess Stop 

Pulse Chase cold CTP 
scription activity of recombinant 

ATP 50 pM UTP lnitiatlon [ 3 2 ~ ] ~ ~  *Re=. ELL human ELL protein. (A) Native 
GTP 100 pM CTP factors 

p80 from rat liver and recombi- 2 pM [ 3 2 ~ ] ~ ~ P  *Rec. ELL 
nant His-ELL (Rec. ELL) were Pnl II 

subjected to i0% SDS~PAGE 
and visualized by silver staining. (B) SDS-PAGE-purified His-ELL (Rec. ELL) 
(70) or an identically prepared protein fraction (mock) prepared from E. coli 
infected with an M I  3mpET vector carrying the gene for Elongin B (22), which is 
transcriptionally inactive in the absence of Elongin A and C, were assayed (8) for 
their ability to stimulate synthesis of the 135-nt transcript from the T-less 
cassette of the oligo(dC)-tailed template pCpGR220 S/Pm (7). Reaction mix- 
tures in lanes 1 to 5 contained 1,3,5,7, and 7 pl, respectively, of the renatured 
mock protein fraction, and reaction mixtures in lanes 6 to 10 contained 1, 3.5, 
7, and 7 pI, respectively, of the renatured recombinant ELL fraction. Where 
indicated, reaction mixtures contained a-amanitin (a-am; 1 pg/ml). (C) Effect of 
ELL protein on the kinetics of promoter-independent transcription by RNA 
polymerase II. Oligo(dC)-tailed template assays were carried out essentially as 

. -. .. 

described (8) with the modifications diagrammed in the lower panel. Reaction 
mixtures in lanes 6 to 10 contained 5 pI of renatured, nickel agarose-purified 
His-ELL protein (10) (Rec. ELL). (D) Effect of ELL protein on the kinetics of 
promoter-dependent transcription by RNA polymerase II. Preinitiation complex- 
es were assembled at the AdML promoter as described (22) with recombinant 
TBP, TFIIB, TFllE, TFIIF, TFIIH, and purified rat RNA polymerase I I .  Transcription 
was initiated by addition of 50 pM ATP, 50 pM GTP, 2 pM UTP, 10 pCi of 
[c~-~'P]CTP (400 Ci/mmol. Amersham), and 7 mM MgCI,. After 10 min at 28°C 
100 pM nonradioactive CTP was added to reaction mixtures. Where indicated. 
5 pl of renatured His-ELL protein (70) was added to reaction mixtures, which 
were then incubated further for the times indicated. Transcripts were analyzed 
by electrophoresis through a 6% polyacrylamide. 7.0 M urea gel. 

longer than transcripts synthesized in its ab- 
sence; this finding indicated that the ELL 
protein stimulates elongation by RNA poly- 
merase I1 during promoter-independent tran- 
scri~tion in the absence of initiation factors. 
In another pulse-chase experiment (Fig. 3D), 
promoter-specific transcription reactions were 
performed as in Fig. 1D. Comparison of the 
kinetics of accumulation of full-length runoff 
transcri~ts svnthesized from the AdML Dro- 

L ,  

moter revealed that the ELL protein also stim- 
ulated the rate of elongation of Dromoter- " 
specific transcripts synthesized by RNA poly- 
merase I1 in the presence of the general initi- 
ation factors. 

Molecular analysis of a large number of 
chromosomal abnormalities in human can- 
cers has revealed that the MLL gene is a 
recurring target for translocations in a vari- " " 
ety of   he no typic all^ distinct leukemias. To  
date, genes encoding six MLL translocation 
partners in addition to ELL have been 
cloned: AF4 in t(4;11)(q21;q23) (5, 12), 
ENL in t(11;19)(q23;p13.3) (4), AF9 in 
t(9;11)(p22;q23) (13), AF6 in t(6;11)(q27; 
q23) (14), AFlp in t(l;ll)(p32;q23) (15), 

and AFX in t(X;ll)(q13;q23) (16). A com- 
mon feature of these translocations is that 
their breakpoints result in the creation of a 
putative oncogene encoding nearly the en- 
tire translocation partner fused to the NH2- 
terminal -1400 amino acids of MLL, in- 
cluding the A-T hook and methyltrans- 
ferase-like domains but lacking the COOH- 
terminal transcriptional activation and zinc 
finger domains (2). The observation that 
these translocations occur within the same 
region of the MLL gene but are associated 
with leukemias exhibiting different clinical 
features (2) suggests that the partner gene 
plays a critical role in establishing the leu- 
kemic phenotype. However, despite the 
availability of cloned cDNAs encoding the 
MLL protein and its translocation partners, 
neither the roles of these proteins in onco- 
genesis nor their functions in normal cell 
growth have been established. Our identi- 
fication of the product of the ELL gene as 
an RNA polymerase I1 elongation factor 
may help to establish such a role for one of 
these proteins. By virtue of its ability to 
regulate the activity of the RNA polymer- 

ase I1 elongation complex, the ELL protein 
joins a small but growing family (17) of 
biochemically defined elongation factors 
including SII, TFIIF, P-TEFb (18), and 
Elongin (SIII), which was recently found to 
be a target for regulation by the product of 
the VHL tumor suppressor gene (19). The 
discovery of a function for the ELL protein 
should expedite investigation of its role in 
both acute myeloid leukemia and normal 
cell growth. 
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equvalent to that of buffer A containng 0.1 M KC1 and 
was appled to a 1 -iter phosphocellulose c o l u ~ n  !PI 1 
Whatman, Ma~dstone UK). The column vjas eluted 
stepwse at one packed coulnn volume per hour \hi~th 
buffer A contaning 0.5 M KCI. Fractions (200 ml) were 
collected, and actve fractons were pooled, adjusted to 
1 M fNH,l,SO, by add~t~on of an equal volume of buffer 
A contalnng 2 M (NH.),SO, and apped to a 100 ml 
Pheny Sepharose-6 Fast Flow (low sub) column (Phar- 
lnacal equlibrated in buffer D [LO rnM Hepes-NaOH 
(pH 7.91 0.5 rnlvl EDTA, 1 rnM DTT, and 1036 (v/v) 
glycerol] contaning 1 M fNH,),SO.. The column was 
eluted at 10 mI,'mn wtl i  a 1 - te r  linear gradlent from 1 to 
0 M !NH,),SO. in buffer D. Fractions (60 ml) were col- 
lected, and tlie active fractons which eluted vj~th -0.6 
M (NH,),SO,, were pooled and dalyzed aganst buffer B 
[LO mh4 tr~s-HCl (pH 7.9). 0.5 mM EDTA, 1 rnM DTT 
and IO:'b-(v~v) glycerol] to a conductivty equvaent to 
that of b'uffer B containing 0.07 M KCI. The daysate 
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at 1 ml;mn witli a 100-m near gradent from 0.07 to 
0.5 M KC1 n buffer B. Fractons 16 ml) were collected, 
and the active fract~ons which eluted at -0.2 M KCI, 
were pooled. dayzed aganst buffer A to a conductivty 
equivalent to buffer A contanng 0 07 M KC and ap- 
plied to a I -TI Mono-S coluvn (Phar:nacia) equlbrated 
In the same buffer The column was eluted at 1 mllmin 
witli a 10-ml Inear gradient from 0.07 to 0 5 M K C  in 
buffer A. Fractions (1 ml) were coliected and the active 
fractons vjhicli eluted wth -0.3 M KCI. were adjusted 
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Failure of the Cystic Fibrosis Transmembrane 
Conductance Regulator to Conduct ATP 

M. M. Reddy, P. M. Quinton, C. Haws, J. J. Wine, 
R. Grygorczyk, J. A. Tabcharani, J. W. Hanrahan, 

K. L. Gunderson, R. R. Kopito* 

The cystic fibrosis transmembrane conductance regulator (CFTR) is a chloride ion channel 
regulated by protein kinase A and adenosine triphosphate (ATP). Loss of CFTR-mediated 
chloride ion conductance from the apical plasma membrane of epithelial cells is a primary 
physiological lesion in cystic fibrosis. CFTR has also been suggested to function as an ATP 
channel, although the size of the ATP anion is much larger than the estimated size of the 
CFTR pore. ATP was not conducted through CFTR in intact organs, polarized human lung 
cell lines, stably transfected mammalian cell lines, or planar lipid bilayers reconstituted with 
CFTR protein. These findings suggest that ATP permeation through the CFTR is unlikely to 
contribute to the normal function of CFTR or to the pathogenesis of cystic fibrosis. 

T h e  cloning of the  CFTR gene ( 1 ,  2 )  and 
the delnonstratioll that it encodes a low- 
collductance protein kinase A (PKA)-regu- 
lated C 1  c h a l ~ l ~ e l  (3-5) confirn~ed that the  
loss of epithelial plasma membrane C1- 
conductance is the principal ionic mecha- 
nism underlying the  pathogenesis of cystic 
fibrosis (CF)  (6.  7). T h e  precise lnechanis~n 
b>- which this loss of C 1  conductance is 
linked to the  complex and varied features of 
the  C F  phenotype relnains obscure. CFTR 
has been reported to regulate other ion 
channels (8, 9 )  and mediate per~neab~l i ty  of 

cell lnelnbranes to A T P  (10).  Both CFTR 
(1G) and its distant relative P-glycoprotein 
(1 1 ) have been reported to form ATP-per- 
meant channels with single-channel con- 
ductance of -5 pS. However, we found that 
CFTR had no  detectable A T P  conductal~ce 
in four different systems, including native 
sweat duct and reconstituted b~la>-ers. 

CFTR is abundantly expressed in hulnall 
sweat duct (1 2) .  where it appears to consti- 
tute the  sole patl~wa>- for C 1  absorption 
(1 3) .  W h e n  the  CFTR channel IS activated 
by addition of adenosine 3'3 '-monophos- 
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