*(]) X9$ 1091100 9Y3 Ul pue ‘sowl Tenonied
1B ‘sanss1) O1J103ds Ul passa1dxad 9q 03 sdU3
padul-X SMO[[e 3Byl uonengar dy1dads
-ouad uodn pasodwiiadns st A31a10e SUD3
JO uonenpow [eqod siy -syonpoid dwos
-owo1yd-Y jo syunowe ayenidorddeur woy
3NSAI ISIMIdYIO PNOM eyl AN[EYId| OYId
-ads-x3s a3 Sunuaadid Agaroyl ‘dsop swos
-OWOIYD-Y Ul JDUIPIP p[ojoml Y3 a1ds
-Op SIX9S I UDIMID(Q $IUDTZ payull-¥ Isow
JO uo1ss31dxd sazienba uonesuddwod d3e
-SO(] "SAWOSOWOIYD ¥ JO ISOP 1Y) Ul IdJIPp

01 (XX A[1eordAs) sapewdy pue (1 X 10 OX A]

9661 YIANIDAA 9 » ¥$LT TTOA < FONAIOS

‘PBSSIPPE 8Q PINOYS 80USPUOASBLI0D LWOYM O] &

VSN

‘88120 VW ‘eBpuqued ‘Ausienun pleneH ‘ABojoig
Je[n(lo0) PUE JEINOSIOIA 4O JusWwedsaq :SSaIppe Juesald,

VSN ‘0276 VO ‘Asiesieg ‘eiuioye)d
10 Austeniun ‘ABojoig (|90 pue Jeindsjop 4O Juswipedsq

-[e21d41) sofewr asned swistuRydaw uoHeUIW
-19319P-X$ ISOYM SWSIUBSIO Ul SISLIB UOLIES
~uadwod JBBSOP 10J PAAU Y] DWOSOWOIYD
dwes Y3 03 dFequl] 1Yd Aq A[9[0s pajerdl
SoUdd snordwNU Jo uolssAdxd Y3 sazEN
-powr 3ey3 $s9201d A103RNSAI IPIM-dWOSOW
-OIYd [B1IUISS UR ST Uonesuadwod gﬁesoq

‘uonesuadwod abesop pue uoljeuIwWIBIEP

X8S 104 |041U09 Ajo1euIpiood 1ey seuab Aiojeinba. oiy10eds-x X AQ paliajuo S| SaWOsSoWw
-0Jyo X ayposydewsay ay} 0} xa|dwod a8y} Jo uoleziiedo| oioads */z-Adp pue 9g-Adp
seuab uolesuadwod abesop ay; Jo s}onpoid Buipnioul ‘suiloid JNoj 1Se8| JB SUIelU0d
x8|dwoo siy] "seypoiydewtay Ul SSBLOSOWOIYD X OM] 8U} WO} S|oAd| 1diosuel} seonpal
18Ul suebejo siipqeyiouses) spojewau sy} ul payiiuapl sem xajdwod uolesuadwod
abesop e ‘eisH "siduosues} payull-X JO S|9A8| 8y} Isnipe 0} X8s auo Ul UolouN} Jey}
swisiueyoaw Aloje|nBai apim-awosowoayd ybnoayy sexas ay} usemiaq uoissaidxe sausb
aWosowWo.yd-X sazienba uoesuadwod abesop ‘sjewwew pue ‘salj ‘sepojewau uj

LeAs|N " eleqIRg ‘galn 'q uoser ,‘Bueny) usl]-oed

awosowoiy) X apojewsaN
9y} uo xajdwo) uonesuadwo)
abeso( e jJo Ajquiassy olj109dS-xag

9661 18003100 | Paydadde ‘966 | 1sNbny 92

(7@ L2HLOND
zel welb SHJSN pue ‘(IN'd) 805016 dNd
el 4SN pue ygeredH ueib SHASN (W)
G-9Q 1elb A18100S Jeoue)) uedsuswy pue 20.L0SND
Wweib SHASN Aq pepoddng SjUsWILIOD  [EONUO
10} Bueny) "1 -'d pue ‘ebuies ‘o ‘eul) *| pue ‘Aeiq
-l VN0 E 10} 8li4 "y ‘UOIIN|OAUODSP pue Adoosold
-IW play-apIm Uim digy 1oj sseg ‘M “H Pue ‘apueQ
‘M IBPOS [ SBUO|D PIWLSOO PUE  SUWOSOWOIYD
[BlolIe 1SESA U0} UOSIN0D Y ‘SiuswLiadxe aulw.eb
12-Ad@ 10} Bueny) '] -'d ‘UOIIEZI[EOO0| BUIOSOWOIYD
OBOIBW 92-Add Y¥Mm djay 4oy uospadly ‘a YUeu M 'Gg

(€861) GI 'GE 9D ‘POOM "G "M PUB BWOAS 'S "¥T
‘(0661) Lee

‘26 1 "sAydoig ‘pleby "y A ‘¥epas ‘M T BMOBIH ‘A €2

"(GB61) 62v | ‘692 20UBIOS [ 1o llemdT M 'ge
"(5661) 8L2 ‘6 8@ seuey ‘uoisuel) 'O

‘1ezioner ‘d M IlemMy3 M OWWIN 'd '3 8lusIv 'O 'Y "1e
. (v661) BEL ‘€Y L 8UD

IPILYOS "H MI8I4 'O ‘UuBWIBISO M ‘ZJuslo] Y 02
(se61)

671 ‘8OL 10S /8D T 'sHeqly ‘N 'd Pue wnjieM 'd ‘61
‘(0661)

0L} ‘0§ foig 8D 1 Un3 “fe 1o Biequessid 'O T '8k

‘e}ep paysiigndun
“Joho 1 g ‘uileg 'g'Q ‘'snpide N "Q 'semeq '3 H L1

(G661) £2€€ “1g ) Bwdo

-foreq ‘sehkeN g ‘Buenyd *1-'d ‘NsH 'Y "Q (r661)
666 ‘LEL Sopeusn ‘sheN T g pue nsH 'Y 'Q 9t
“erep paysigndun 4eAeN g pue gern 'a r 't

"el1os aunwiwiaid yim

pajeal) soAiquie adA}-plim up paaasqo sem Buluiels

ON ‘Apoqnue payund-Ajuie yim paulioped sem

Buiures (v JueAn(pe s,punal4 yum paxiw uielold Jo

67 00G 01 00| JO SUOROBIUI PEAIBDBI SHAGRS {(YoIeas

-8y WayQouNWW| |gly) JueAnipe a1y yim pexiw

ul04d Jo B 0| JO SUOROB[UI SNOBUBINOGNS POAISOSI

S0l sisaloydonosie |96 epiwelhioeAiod pue Ayd
-e1B0yeWOIYD B1EBYO-I9XOIU Ag paund sem usioid
8y} pue ‘spisojoelebolyl-a-g-|Adosdost INW | yim
s|[90 §-SAd 1219 /j00 BIyoLBYIST Ul PaoNpUl Sem
syuswbel 9z-Add pabbe-eupnsly Jo uoissaidxg
‘sauIpnsIy Xis Buipoous adoyde ue 0} pasny (UaBoHA
-Ul) v 13SHd J10300A uoissaldxe /| ey} Ojul pauolo
-gns alem 9¢-Adad JO €9¢1 01 6EL PUe 6E/L O} LCt
spioe oujwe o0} Bulpuodsa.lod zard jo sjuewbelq |
'SPUB.IS U10Q UO paousnbas pue pauojo
alom suopoess Juspuadepul om) woly sjonposd
HOd swiom jueinw snobBAzowoy (66 u)9g-Adp
8|buis wouy 9z-Adp Jo dg 00z 1844 8Y} Ajjidwe 01 4Od
e u (,£-1vOLOD101VOOLYOLOVL1D-9) 611ar

pue (,e-vWIOLVLIVIOL 1109100101 1-,6)811ar
siowld yum pasn sem asesowAiod nj4 pauol) ‘el
‘pausodap alem (0890/Z J8quINU UOISSAD
-0B) @ousnbas ojwousb pue (ZggeyN Jeguunu uois
-S900B) ueguaY) Ul 90UaNDeS YN 92-4Adp 8y} pue
[(L661) L¥Z) ‘88 'V'S'N 19 PEOY HEN "00id e 1o
UUBWYIBAS "IA] paouanbas aiem sauojd yYNJO pue
oouab gg-Adp euL (G661 EL 1L 18U spusi
‘leyiuswinig ‘1] uoledo ue Jo Jaquisw e ag Aew
9z-Adp yeys Bunsebbns ‘siepes| YNY 271S pue 1S
410q 0} peol|ds-sue.) st yduosues 9z-Adp oy (,e- 1V
“VOLYVOLOOVOVOVYDOLOVDD-,S) 81ar ‘92-4dp
10} oYoeds Jowud B pue siepes| aoyds-sues} (,£
-0LOVL1OVOOOVVLLL 1990DDO0L LYWVOVLIOL
-,.6) 218 10 (,£-OL L1DVVOOOVLIVVL L1D9D0D
-00L 1VVOV101-.G) 1S U} 1o} ooads siawud Bul
-SN (HOd-14H) suonoeal ureyd asesswAjod aseiduos
-ueJ) astanal Aq (dq) sured aseq G/¢ ,G 8yl payduwe
oM ‘YNQ2 8u} JO pud ,G 8y} uiejgo o] uswbely zsd
OQY-G'8 BU) UM pausalos Aelqll YNQO abels-paxiw
€ WOl Paueiqo sem (zrd) suo YNdO M-G€ vV 2k
(saul 9 40 9) 2Sd ‘$9G20 Jo
Juswibel) | [BS O¥-G'8 UE 0} pamOo.IBU sem uolbas Bul
-nosal 9z-Adp ey “Alfeyiel oyoads-xx 8y} panose.
(saull 9 40 9) €910 PUE (SBUI| £ JO /) ¥DSZO Spiw

9¢LL

-s00 BuiddepsnQ “Alfeyis) Jo endsal 10} Pelse) a1em
Buudsyo einw [g-oun 9z-Adp pue ‘pelejos] alom
JoseW 9-/0./ JUBUILIOP By} papiwsuel) Ageis jeyy
sour *[(1L661) 6S6E ‘0L T OGNT 'SOIqUIY “A ‘QUIoD
-youns @ “uewesy ‘N T ‘olleN "D "OJ (w/Bm 001)
9-/0J Jox B UONO8[UI JUBUILLOPR 8U) YIm $8106AZ0I18
-1y gz-oun/(6918) L&-oun (66 u)9z-Adp J0 speuoh
oyl pajoslul asem (w/BM 00L) 24E0M PUe 64800
U99M}BQ YUl SNONBIRUOD B WO} Jey) SpIsod Buidde
-19AQ "Z4E0M JO YBU 8L} 0} NW GO0 PUe 64800 JO
Yol oy} 03 (nw) spun dew g | -0 paddew gz-Adp ‘snyL
"UOISISA ZN BU} PBY ¥ PUB ‘Z4EOM JO UOISISNA ZGN S}
peY 9z ‘SUBUIqUIOD8) ZZ-0un 8} JO "UCISIOA ZN U}
pey G pue ‘64200 JO UOISIBA Z9N 8l pey OZ ‘SiuBu
-IQUIOo8I L £-0un 8y} JO "ZIN+ +/(66 L U)9z-Adp 22
-ouN pUe ggN+ +/1£-oun (661 U)9Z-Adp sulens ayy
wou} paxald sjueuIquiodal AJg-uou dun wol YNJd
oy} BuizAleue Ag swsiydiowAjod omy 8say) 03 sAne|8)
9z-Adp paddew ap\ "suless goN oeleblag pue gzN
joIsug usemiaq swsiydiowAjod Ajuspl 0y seqoid
SE ‘[ £-0UN pue Zz-oun AQ paMuely a1e YoIum ‘64200
pUE Z4EOM SPIWSOD pasn am ‘Ajesioaid alow
9z-Adp dew 0] “(6) [ £-oun pue gz-oun usamiaq ‘Al
dnoub ebexul 0} peddew useq pey susb 9z-Adpayl " ||
‘eyep paysiigndun ‘Ajgaus|y "d pue pismoded '3 '3 0L
(€861) 2Sv ‘261 1oUBD "UBYD) O "UMBPOH T "6
(G661)
/8G ‘6 Ao Seuer) ‘PUBYsSOY ‘q ‘UeBoH '3 ‘AOMIU
-UNAS A Y (pB61) €08 ‘221 "Il ‘MeysuIeT D M
‘POOM Y 3 ‘BIegpioD 'O | ‘UoHes ‘N (E661) SEIH
‘€CL 0Ig [eD [ ‘PUBYSOY ‘g ‘AouULET ] A A0
-uuNAS A Y {766 1) 8E6Y ‘€L 1 OGINT ‘1B 1o BYeS
"A (P66 1) BYY ‘6L /12D "UOSIUONN [ "L puUe OuelH "1 '8
(9661) 981
‘¥Lg ©0UBI0S BkO P °g ‘ger 'Q °r ‘Buenyd 1-d "L
(6861) 625
‘T2 L sonsuey) ‘iekel 1 g pue WnegsnN "0 {(e661)
6vE ‘2L 18D okON T g pue uiepy 'd 'Y ‘(€661
G/8 ‘€€l sopeuen AN P g ‘ulRly QY ‘uosy
-eusld 'g 1 ‘Buoted M {(1661) G9 ‘LGE enEN
UBRBIN ' "g PUE JOUON 1N (066 +) +6 ‘%2 L Soneusn
(2861) G2 '8Y PIq ‘19RO [ "G PUB BANBUBJIA ‘N Y "9
"(661) L2 ‘08 Piq! 4ekeN 1 'g ‘fsuhzodoy g T
JBIANN T PUILY Y N H(8861L) 291 ‘GG pIqr Joke
‘Mg ‘uosse) 'd 7 ‘yosieueld *d T BIN W TS
‘(¥661) 6G1
‘6L 1190 ‘IekoN 1 °g ‘uosueqy 'O ' ‘Buenyd 1-d v
(6861) LS “LeL
soneusy) ‘1vRN 1 'g ‘Buoeq 7 ‘yosyausld 'q I
(9861) 128 ‘Ly 19D ‘uosseD "d ] pue JBRON T g
(9661) L£9 ‘0 1oUSD
Aoy nuuy ‘JRABN T g pue auld M L (G661
2091 ‘0L 80UsI0OS ‘epoiny| | "N pue Aojley 1Y

[QUNes]

—

S3LON ANV S3ON3H343H

*9INJONIIS
dWOsOWOoIYd Ul sdFuRYD Y3noiyy uon
-B3oI39s  QWOSOWOIYD J1JOIdW U0 SO
31 319X9 Ajrepwis Aew 97- & J(J "uoIssaidxa
9Ud3 DNPAI 01 SIWOSOWOIYD X JO In)
-ON1IS Y3 $3JIpoW 31 33 §35933ns (/) xa1d
-wod uonesuadwod d3.sOp supiaga ‘1) B JO
uonsodwod aYy *(Q7) uonesaidas dwos
-OwoIYd pue uoIssaIdxd dudg ur dgimg 10§
3101 [BINIONIIS B $15933Ns 100] 2dA3-3uniew
JUD[IS dYI puUB ‘SAIDWO[I  ‘SIIDWOIIUD
JO  SUTBWOp  IYI[-ULBWOIYD0IINY: YIIm
dgimg jo uonezied0[0d Y] ‘(77) 2seyde
-Ue 3UlINp UOHRBISIW 2IdWOIIU Fuldde]
YIIm pajejauIod ([z ‘07) sisolw dunnp
$SO] AWOSOWOIYD JO 3Bl YSIY B ISNed Os[e
INg ‘SUIDUI[IS IIM d194191UT AJUO J0U QIms
ul suotieInjy 190] adA3-sulzew Judqis pue
$919WONUID 3B uolssaidar feuondidsueny
sulRIUTBW dUJZ 91ms aquiod $22KW0LDYIIDS
-021y0S YL ‘(§]) UOIEBSUIPUOD dWosOwW
-01yd ur $3109j9p ygdnoayl sdeyiad ‘uored



s
e

G

Anti-DPY-27 Pl

Wild type

sdc-2(y74)

SN (#) e merg

s in the first two

superimp

calization re

protein

the sdc or dpy

mutations (73). Bar, 10 pm.

In the nematode C. elegans, dosage com-
pensation is achieved by halving the level of
transcripts from each of the two hermaphro-
dite X chromosomes (2—4). Central to this
process is the sex-specific localization of the
DPY-27 dosage compensation protein to
both hermaphrodite X chromosomes after
the 30-cell stage of embryogenesis (4) (Fig.
1, A to C). DPY-27 is also produced and
localized to the nuclei of males, but in this
sex does not bind to the X chromosome (4).
DPY-27 is a member of the evolutionarily
conserved SMC (structural maintenance of
chromosomes) family of proteins that partic-
ipate in several aspects of chromosome dy-
namics, including chromosome condensa-
tion in yeast and frogs, as well as chromo-
some segregation in yeast (4, 5). SMC pro-
teins are characterized by an NH,-terminal
adenosine triphosphate (ATP)-binding mo-
tif, a conserved COOH-terminal domain,
and a central coiled-coil region reminiscent
of motor proteins such as myosin and kine-
sin. The similarity of DPY-27 to the SMC
proteins, together with its X localization,
suggests that DPY-27 promotes the reduc-
tion in X-chromosome transcript levels by
inducing partial X-chromosome condensa-
tion during interphase of the cell cycle. To
understand the mechanism of C. elegans
dosage compensation, we examined how
DPY-27 becomes localized to the X chro-
mosome in a sex-specific manner and
identified proteins that interact with
DPY-27 on X to reduce X-chromosome
expression.

We first investigated whether mutations
in the gene hierarchy that controls dosage

uires the participation of sdc-2, sdc-3, and ¢
8 and dpy-26 are probably required for the stability of tf

Similar staining results were obtained for larvae and adults carrying
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compensation interfered with the X localiza-
tion or function of DPY-27. This hierarchy
includes XX-specific genes that coordinately
control both sex determination and dosage
compensation (sdc-1, sdc-2, and sdc-3) (6—
8) and genes that regulate only dosage com-
pensation (dpy-21, dpy-26, dpy-27, dpy-28,
and dpy-30) (2, 3, 9). Hermaphrodite-spe-
cific lethality results from the failure to
activate these genes and the consequent
increase in X-chromosome gene expression.
Male-specific lethality results from the fail-
ure to inactivate the sdc and dpy genes and
the consequent reduction in X-chromo-
some gene expression. In males, the activi-
ties of the sdc and dpy genes are repressed by
xol-1 (XO lethal) (10), a gene target (11) of
the primary sex-determination signal, the
ratio of X chromosomes to sets of autosomes
(X:A).

Because mutations in most sdc and dpy
genes cause >95% lethality in XX animals,
we examined the staining pattern produced
by antibodies to DPY-27 (anti-DPY-27) in
XO mutants that lack xol-1 and thereby
activate the hermaphrodite mode of dosage
compensation. Death of these xol-1 XO mu-
tants is prevented by a mutation in an sdc or
dpy gene that blocks the execution of dos-
age compensation (12). Because mutations
in xol-1 permit DPY-27 to localize inappro-
priately to the male X chromosome (4),
comparison of the anti-DPY-27 staining
pattern between the sdc or dpy xol-1 XO
mutants and wild-type XX hermaphrodites
reflects the impact of the dosage compen-
sation mutation on DPY-27 in XX animals.

Analysis by confocal microscopy re-
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vealed that in embryos lacking sdc-2, sdc-3,
or dpy-30 activity, DPY-27 was distributed
diffusely throughout interphase nuclei (Fig.
I, D to L) in a pattern indistinguishable
from that seen in wild-type XO animals and
in young XX embryos that have not yet
activated dosage compensation. Thus, sdc-2,
sdc-3, and dpy-30 are all essential for the
localization of DPY-27 to X. These results
also indicate that the coordinate control
genes activate the early steps of dosage
compensation by recruiting DPY-27 to the
X chromosome.

In contrast to sdc-2, sdc-3, and dpy-30,
the dosage compensation genes dpy-26 and
dpy-28 affect the production or stability of
DPY-27, whereas the coordinate control
gene sdc-1 and the dosage compensation
gene dpy-21 affect other aspects of dosage
compensation. Null mutations in sdc-1 and
dpy-21 have no effect on the DPY-27 stain-
ing pattern (13), consistent with the minor
dosage compensation disruption caused by
these mutations. Null mutations in either
dpy-26 or dpy-28 abolished anti-DPY-27
staining (Fig. 1, M to P), consistent with the
XX-specific lethality caused by these muta-
tions. To exclude the possibility that the
lack of staining in dpy-26 and dpy-28 mutant
embryos is due to a general reduction in
protein synthesis, we also stained these em-
bryos with antibodies specific for two other
nuclear proteins (UNC-86 and EGL-43)
and obtained a pattern indistinguishable
from that of wild-type embryos (13).

To determine whether the absence of
DPY-27 protein in dpy-26 or dpy-28 mu-
tants reflected reduced levels of dpy-27
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transcripts, we analyzed polyadenylated
RNA from mutant embryos on Northern
blots (14) using a dpy-27 cDNA probe (Fig.
2). The slight reduction in dpy-27 transcript
levels in the dpy-26 and dpy-28 mutants
cannot account for the absence of DPY-27
protein. Thus, loss of dpy-26 and dpy-28
reduces either the translation or the stabil-
ity of DPY-27. If DPY-26 and DPY-28 func-
tion by forming a complex with DPY-27,
then DPY-27 might become unstable in the
absence of these protein partners. Prece-
dence for such destabilization exists in the
Drosophila dosage compensation pathway,
which also involves the formation of a pro-
tein complex that is localized to X in a
sex-specific manner (15). According to this
hypothesis, the C. elegans dosage compensa-
tion complex would have to form and stabi-
lize DPY-27 in both sexes independently of
its association with X to account for the
abundance of DPY-27 in XO embryos.

We tested the hypothesis that DPY-27
forms a stable complex with DPY-26 by
immunoprecipitation experiments with af-
finity-purified anti-DPY-27 or anti-DPY-
26 (4, 16) using nuclear extracts (17) from
wild-type and mutant embryos. The result-
ant immunoprecipitates were fractionated
by SDS—polyacrylamide gel electrophoresis
(PAGE) and immunoblotted with anti—
DPY-27 or anti-DPY-26. As expected,
anti-DPY-27 immunoprecipitated DPY-27
from wild-type nuclear extracts but not
from dpy-27 mutant extracts (Fig. 3A, lanes
1 and 2). Anti-DPY-27 also immunopre-
cipitated DPY-26 from wild-type extracts
but not from dpy-27 mutant extracts (Fig.
3A, lanes 5 and 6), demonstrating that
DPY-27 and DPY-26 form a stable complex
that withstands 400 mM KCI. Converse-
ly, anti-DPY-26 immunoprecipitated both
DPY-26 and DPY-27 from nuclear extracts
of wild-type embryos (Fig. 3A, lanes 7 and
8), confirming the existence of the DPY-27-
DPY-26 complex. Anti-DPY-27 did not im-
munoprecipitate DPY-27 from nuclear ex-
tracts deficient in DPY-26 or DPY-28 (Fig.
3A, lanes 3 and 4), as expected based on the

Fig. 2. dpy-27 transcript

S
levels in dosage compen- 282,
sation mutants. Polyade- o s
nylated RNA was isolated LT
from  wild-type, dpy-26 5882
(n199), dpy-28(s939), and
dpy-27(y167) embryos as  9ov-27 RLEL

in (74). The fiter-bound (48kb)

mRNAs were hybridized o

with a probe made from full- (1?5-%) .-
length dpy-27 cDNA and an :

actin probe specific for act-1

as a loading control. The reduced dpy-27 tran-
script level in the dpy-27(y167) nonsense mutant
probably reflects the instability of the mRNA in the
absence of translation.
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immunofluorescence experiments. Similar-
ly, DPY-26 and DPY-27 were not detected
in immunoblots of nuclear extracts deficient
in DPY-26, DPY-27, or DPY-28 (13). These
experiments provide evidence that DPY-26
and DPY-27 form a complex and suggest
that DPY-28 is also part of that complex.
To identify other components of the
dosage compensation complex, we partial-
ly purified the complex from wild-type and
dpy-27 mutant nuclear extracts with ion-
exchange chromatography (18). The frac-
tions that contained DPY-27 were then
immunoprecipitated with either anti—
DPY-26 or anti-DPY-27 and the proteins
separated by SDS-PAGE (Fig. 3B). Com-
parison of the proteins immunoprecipi-
tated from the wild-type and the dpy-27
mutant extracts revealed at least four pro-
teins specific to the dosage compensation
complex. Two proteins migrating at ~170
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Fig. 3. A dosage compensation protein complex.
(A) Coimmunoprecipitation of DPY-26 and DPY-
27. Immunoprecipitations (IP) with wild-type and
mutant nuclear extracts and anti-DPY-26 or anti—
DPY-27 (17). The immunoprecipitates were ana-
lyzed by SDS-PAGE and immunoblotted with an-
ti-DPY-26 or anti-DPY-27. Two isoforms of DPY-
26 are observed. Anti-DPY-27 staining is not de-
tectable in embryos with the dpy-27 nonsense
mutation used in these experiments (4). (B) Iden-
tification of additional dosage compensation com-
plex members. After partial purification (79), the
protein complex was analyzed by SDS-PAGE and
silver-stained. Arrows indicate the locations of
DPY-26, DPY-27 (both ~170 kD), and two other
proteins (~160 and ~150 kD) whose copurifica-
tion was dependent on DPY-27. (C) Immunoblot
with an anti-DPY-26 probe shows that the DPY-
26-DPY-27 complex is intact after the partial pu-
rification. Molecular size standards are indicated
on the right (in kilodaltons).
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kD were identified as DPY-26 and DPY-27
by immunoblot analysis (Fig. 3C). Two
other proteins migrated at ~160 kD and
~150 kD. One may be DPY-28, because
mutations in the dpy-28 gene affect the
stability of the complex, but the identity
of the other protein is unknown.

To assess the native size of the protein
complex, we fractionated crude wild-type
nuclear extract by centrifugation through
a 15 to 60% sucrose gradient and then
immunoblotted the fractions with anti—
DPY-26 and anti-DPY-27. DPY-26 and
DPY-27 comigrated in the gradient with a
mobility between that of the 443- and
669-kD molecular size standards, consis-
tent with the estimated size of the partially
purified complex.

The results of our biochemical and im-
munofluorescence experiments, together
with the DPY-26 experiments in the ac-
companying report (16), demonstrate that
C. elegans achieves dosage compensation
through a protein complex that specifically
localizes to the X chromosomes of her-
maphrodites to reduce their gene expres-
sion. Our studies also identify proteins piv-
otal to the sex-specific localization of DPY-
27 and presumably other complex members
to the X chromosome. These results suggest
the following model: In males, the dosage
compensation complex is prevented from
associating with X by the male-specific
xol-1 gene, which represses sdc gene activi-
ty. In hermaphrodites, sdc-2, in conjunction
with sdc-3 and dpy-30, activates dosage
compensation by localizing the protein

" complex to X. sdc-2 is the candidate gene to

trigger the dosage compensation process
and to confer hermaphrodite specificity, be-
cause its product is present exclusively in
XX animals, unlike the others (8, 19).
SDC-3 might itself associate with X to di-
rect DPY-27 localization, because it con-
tains a pair of TFIIIA-type zinc finger mo-
tifs that are essential for dosage compensa-
tion (7, 14). Finally, the small, nuclear
DPY-30 protein probably influences the
localization of DPY-27 to X indirectly
(20), by affecting the activity of sdc-3 (21).
Through these studies, a picture has
emerged of how the genes of the dosage
compensation hierarchy act at the molecu-
lar level to equalize X-chromosome expres-
sion between the sexes.
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Molecular Mimicry of Human Cytokine and
Cytokine Response Pathway Genes by KSHV

Patrick S. Moore, Chris Boshoff, Robin A. Weiss, Yuan Chang*

Four virus proteins similar to two human macrophage inflammatory protein (MIP) che-
mokines, interleukin-6 (IL-6), and interferon regulatory factor (IRF) are encoded by the
Kaposi’'s sarcoma—-associated herpesvirus (KSHV) genome. vIL-6 was functional in B9
proliferation assays and primarily expressed in KSHV-infected hematopoietic cells rather
than KS lesions. HIV-1 transmission studies showed that vMIP-I is similar to human MIP
chemokines in its ability to inhibit replication of HIV-1 strains dependent on the CCR5
co-receptor. These viral genes may form part of the response to host defenses con-
tributing to virus-induced neoplasia and may have relevance to KSHV and HIV-I

interactions.

Kaposi’s sarcoma-associated herpesvirus
(KSHV) is a gammaherpesvirus (1, 2) relat-
ed to Epstein-Barr virus (EBV) and herpes-
virus saimiri (HVS). It is present in nearly all
KS lesions including the various types of
HIV-related and HIV-unrelated KS (I, 3,
4). Moreover, viral DNA is localized to KS
tumors (1, 4, 5) and serologic studies show
that KSHYV is specifically associated with KS
(2, 6-8). Taken together, these studies indi-
cate that KSHV is the probable infectious
agent precipitating KS in patients with and
without HIV" (9). Related lymphoprolifera-
tive disorders, which can occur in patients
with KS [such as body-cavity-based/primary
effusion lymphoma (PEL), a rare B cell lym-
phoma, and some forms of Castleman’s dis-
ease] are also associated with KSHV infec-
tion (10).

To identify viral genes in the KSHV
genome, genomic sequencing (11) was per-
formed with Supercos-1 and Lambda FIX II

genomic libraries from BC-1, a non-
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Hodgkin’s lymphoma cell line stably infect-
ed with both KSHV and EBV (12). The
KSHV DNA fragments KS330Bam and
KS631Bam (1) were used as hybridization
starting points for mapping and bi-direc-
tional sequencing (11). Open reading frame
(ORF) analysis (13) of the Z6 cosmid se-
quence identified two separate potential
coding regions (ORFs K4 and K6) with
sequence similarity to B-chemokines and a
third potential coding region (ORF K2)
similar to human interleukin-6 (hulL-6); a
fourth potential coding region (ORF K9)
is present in the Z8 cosmid insert sequence
with sequence similarity to interferon reg-
ulatory factor (IRF) proteins (Fig. 1).
None of these KSHV genes are similar to
other known viral genes (I4) and the
predicted proteins were named without
reference to their potential in vivo func-
tional properties.

The 289-bp ORF of the K6 gene encodes
a 10.5-kD predicted protein (vMIP-I) with
37.9% amino acid identity (71% similari-
ty) to huMIP-1a and slightly greater dif-
ferences with other B-chemokines (Fig.
1A). ORF K4 also encodes a predicted
10.5-kD protein (vMIP-1I), similar in se-
quence and amino acid hydrophobicity
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