
11, 13) or at low temperatures (11, 16). 
Hence, much of the photodissociated CO 
cannot escape from the ligand pocket in the 
7.5-ns duration of the laser pulse and re- 
combines in a geminate fashion. Further. 
even for those Golecules in which the CO 
does escape from the ligand pocket, globin 
relaxation does not proceed fully to com- 
pletion in the crystal before rebinding of 
CO occurs. 

Our results show that nanosecond time- 
resolved macromolecular crystallography is 
indeed feasible and extend the time resolu- 
tion of macromolecular crystallography by 
six orders of magnitude, from milliseconds 
(27) to nanoseconds. The time resolution 
can be extended to the 100-ps domain if 
shorter laser uulses are used. Pur~oseful ex- 
perimental design and Laue data acquisition 
and reduction strategies (22, 23) yield sig- 
nificant features in the resultant time-de- 
pendent difference electron density maps, 
even from the weak diffraction patterns re- 
sulting from x-ray exposure t&es of only 
150 ps. 
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Survival of Cholinergic Forebrain Neurons in 
Developing p7!jNGFR-Def icien t Mice 

Catharina E. E. M. Van der Zee, Gregory M. Ross, 
Richard J. Riopelle, Theo Hagg* 

The functions of the low-affinity p75 nerve growth factor receptor ( ~ 7 5 ~ ~ ~ ~ )  in the 
central nervous system were explored in vivo. In normal mice, approximately 25 
percent of the cholinergic basal forebrain neurons did not express TrkA and died 
between postnatal day 6 and 15. This loss did not occur in ~ 7 5 ~ ~ ~ ~ - d e f i c i e n t  mice or 
in normal mice systemically injected with a ~ 7 5 ~ ~ ~ ~ - i n h i b i t i n g  peptide. Control, but 
not ~ 7 5 ~ ~ ~ ~ - d e f i c i e n t ,  mice also had fewer cholinergic striatal interneurons. Appar- 
ently, p75NGFR mediates apoptosis of these developing neurons in the absence of 
TrkA, and modulation of p75NGFR can promote neuronal survival. Cholinergic basal 
forebrain neurons are involved in learning and memory. 

N e r v e  growth factor (NGF) acts primarily 
through activation of its specific high-affin- 
ity TrkA tyrosine kinase receptor ( 1 ,  2). 
The  p75"GFR is the product of a different 
gene and can bind all NGF-related neuro- 
trophins ( 1 ,  2). The  complete set of 
p75N';FR functions remains to be elucidat- 
ed, but may include ( 1 ,  2)  providing ligand- 
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binding specificity for NGF, enhancement 
of TrkA function, and mediating retrograde 
transport of selected neurotrophins (3). The  
~ 7 5 " ' ; ~ ~  has at least two TrkA-indepen- 
dent signaling capacities: by its induction of 
NF-KB (4)  and activation of the sphingo- 
myelin pathway (5). Activation of the 
sphingomyelin pathway and formation of 
ceramide (5) can initiate apoptosis (cell 
death) through the stress-associated protein 
kinase pathway (6) .  Ceramide can stimulate 
cell proliferation, differentiation, and sur- 
vival (7)  perhaps through its metabolite 
sphingosine-1-phosphate, which activates 
mitogenic pathways and inhibits ceramide 
(8). When p75NGFR is overexpressed in Im- 
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mortalized neuronal cells (9) or its intracel- 
lular domain is overexpressed in transgenic 
mice (lo),  neuronal death results. Anti- 
sense oligonucleotides against p75N"FR en- 
hance survival of NGF-deprived differenti- 
ated PC12 cells and perinatal sensory neu- 
rons (11). However, participation of 
p75N"FR in "normal" neuronal death in 
vivo remains unclear. 

Developing cholinergic neurons of the 
basal forebrain express p75N"FR and TrkA 
receptors and respond to NGF (1 2,  13). 
We investigated whether these neurons 
undergo developmental death, and the 
contribution of p75N"FR, by comparing 
control mice with transgenic mice lacking 
p75NGFR and with control mice injected 
with a ~ 7 5 ~ " ~ - i n h i b i t i n g  peptide. Mice 
homozygous for a null mutatton of 
~ 7 5 ~ " ~ ~  ( ~ 7 5 ~ " ~ ~ - d e f i c i e n t ,  129/Sv-de- 
rived J1 embryonic stem cell line) (14), 
the two DNA control strains (129/Sv and 
Balb/c), and another normal strain (C57B1/ 
6J/black 29) were obtained from Jackson 
Laboratory (Maine, USA). Adult (4 to 10 
weeks) ~ 7 5 ~ " ~ ~ - d e f i c i e n t  mice had many 

more choline acetyltransferase (ChAT)- 
positive (cholinergic) neurons of the medial 
septum basal forebrain than did their con- 
trols (Fig. 1, A and D). All three control 
strains showed a 25% reduction in the num- 
ber of cholinergic neurons between postna- 
tal day 6 and 15 (denoted P6 and P15) to 
the level observed in adults (Fig. 2A). In 
p75N"FR-deficient mice, the number of cho- 
linergic neurons remained the same after P6, 
and the mice had 50% more cholinergic 
neurons than did control mice beyond PI5 
(Fig. 2A). Thus, ~ 7 5 ~ " ~  appean to be es- 
sential for postnatal developmental death of 
a substantial proportion of the septal cho- 
linergic neurons. 

Because loss of ChAT does not indicate 
cell death (15), we determined whether 
medial septum neurons undergo the DNA 
fragmentation characteristic of apoptosis 
(1 6). Many apoptotic cells (TUNEL meth- 
od, Apoptag kit, Oncor, Gaithersburg, 
Maryland) were visible in control mice dur- 
ing the period of ChAT-positive neuron 
loss (P4 through PlO), but very few apop- 
totic cells were detected in ~ 7 5 ~ " ~ ~ - d e f i -  

Fig. 1. Coronal sections through the medial septum reveal that adult ~ 7 5 ~ ~ ~ ~ - d e f i c i e n t  mice (A) have 
more cholinergic (ChAT-positive) basal forebrain neurons than do control mice (D). Bar, 100 pm. The 
lack of p75NGFR immunoreactivity in the transgenic mice (B) and presence in controls (E) confirmed 
genotype. Similar numbers of TrkA-positive neurons were seen in ~ 7 5 ~ ~ ~ ~ - d e f i c i e n t  (C) and control (F) 
mice. Sections were processed as described (23). 

cient mice (Fig. 2B). O n  the basis of their 
distribution, this apoptotic population most 
likely includes cholinergic neurons. Other 
septal neurons may also undergo apoptosis, 
considering the number of detectable apop- 
totic cells and the limited period in which 
such cells can be detected (16). 

At any age, the number of ~ 7 5 ~ ~ ~ -  
positive medial septum neurons in control 
mice was the same as the ChAT-positive 
number. At P6, only -75% expressed TrkA 
[analysis of variance (ANOVA) P < 0.011. 
During the time of neuronal loss (P6 
through P15), the number of TrkA-positive 

Control 

: 
p75" 

" - 11- 
0 5 10 15 Adult 

Postnatal day 

Fig. 2. A proportion of postnatal cholinergic neu- 
rons in the medial septum undergoes apoptosis in 
control, but not in ~ 7 5 ~ ~ ~ ~ - d e f i c i e n t  (p75-I-), 
mice. (A) Average number 2 SEM of ChAT-posi- 
tive medial septum neurons per 30-pm section 
(six to eight sections per mouse) at different post- 
natal ages (PO is the day of birth). In control mice, 
25% of the neurons disappeared between P6 and 
PI5 [P < 0.0001, ANOVA, F(4,41) = 15.6821. 
Adult ~ 7 5 ~ ~ ~ ~ - d e f i c i e n t  mice (n = 14) did not 
show this decrease. The numbers in the three 
adult control groups (1 29/Sv, n = 6; Balblc, n = 
9; and C57BVGJ/black 29, n = 9) were not signif- 
icantly different and therefore are grouped. At P3, 
P6, PI 0, and PI 5 for control (1 29lSv and Balb/c) 
mice, n = 4,7,6, and 5; and for ~ 7 5 ~ ~ ~ ~ - d e f i c i e n t  
mice, n = 3, 4, 4, and 6, respectively. Sections 
were processed and analyzed as described (23). 
(B) The average number of apoptotic profiles per 
10-pm medial septum section of control mice was 
much higher than in ~ 7 5 ~ ~ ~ ~ - d e f i c i e n t  mice [P < 
0.0001, ANOVA, F(1,24) = 759.3921. Values are 
from individual mice and derive from a separate 
set of animals than those in Figs. 2A and 3. 
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neurons remained constant, suggesting that 
only the TrkA-negative neurons (-25%), 
seen at P6, die (Fig. 3). In p75NGFR-defi- 
cient mice, the number of TrkA-positive 
neurons was always similar to that in con- 
trol mice, but the number of TrkA-negative 
cholinergic neurons remained constant 
(Fig. 3). Thus, p75NGFR apparently medi- 
ates apoptosis of cholinergic neurons only 
in the absence of TrkA, and TrkA counter- 
acts this function of p75NGFR. 

We investigated whether p75NGFR 
plays a role in the developmental death of 
other neurons in the brain. Cholinergic 
interneurons in the neostriatum express 
p75NGFR and TrkA in early development 
(C. E. E. M. Van der Zee, G. M. Ross, R. J. 

Control 

\ ,,A control 

Postnatal day 

Fig. 3. In control mice, apparently only TrkA-neg- 
ative medial septum neurons disappear between 
P6 and PI5 [P < 0.0001, ANOVA, F(3,23) = 
46.5491. The average number + SEM of cholin- 
ergic neurons in control and ~ 7 5 ~ ~ ~ ~ - d e f i c i e n t  
(p75-I-) mice was separated into TrkA-positive 
and TrkA-negative (ChAT-positive minus TrkA- 
positive) groups. Sections were processed and 
analyzed as described (23). At P6, Pl 0, P15, and 
adult ages for control mice (1 29/Sv and Balb/c), n 
= 6,6,3,  and 12; and for ~ 7 5 ~ ~ ~ ~ - d e f i c i e n t  mice, 
n = 5, 4, 4, and 10, respectively. 

A 
Control 

dc28-36 

TrkA p75 

TrkA - 

Fig. 4. (A) dc28-36 (100 pM) reduces 12TNGF 
affinity crosslinking to p75NGFR (>50%), but not to 
TrkA, in PC1 2 cells, as measured by optical den- 
sity of autoradiographic signal. (B) dc28-36 (100 
p,M) does not affect NGF-induced TrkA phospho- 
rylation in PC12 cells. lmmunoprecipitated and 
electrophoretically separated TrkA was identified 
with phosphorylated tyrosine antibodies. 

Riopelle, T. Hagg, unpublished results) 
(1 2), but only detectable amounts of TrkA 
during adulthood (12, 17). Adult p75N"m- 
deficient mice (n = 14) had 23% more 
striatal cholinergic neurons than did con- 
trols (n = 18; 53 ? 2 neurons compared 
with 43 ? 2 neurons per mm2, P < 0.001). 
The number of Purkinje cells in the cere- 
bellum that express p75NGm, but not TrkA, 
during development and adulthood (1 7, 
18) was the same in adult control and 
p75NG*-deficient mice (304 ? 7 cells per 7 
mm lobule length for both, n = 5 each). 
How p75N"FR mediates death of neostriatal 
neurons and not Purkinje cells remains to 
be resolved. 

To  further explore the death-inducing 
role of p75NGFR, we designed a p75NGFR- 
interfering peptide (dc28-36) that mimics 
the p75NGFR-binding Loop 1 of NGF (1 9). 
Peptide dc28-36 inhibited binding of 1251- 
labeled NGF to p75N"* by -20% in PC12 
cells (Table 1) and caused >50% reduction 
in the lZ51-NGF crosslinking to p75N"FR, 
but not to TrkA (Fig. 4A). In PC12 cells, 
dc28-36 had no effect on lZ5I-NGF binding 
to TrkA, TrkA-mediated '''1-NGF uptake, 
NGF-dependent survival (Table I) ,  or 
TrkA phosphorylation (Fig. 4B). Thus, 
dc28-36 specifically interferes with the 
p75N"FR-NGF interaction in vitro. 

Table 1. dc28-36 peptide is a specific inhibitor of 
NGF binding to ~ 7 5 ~ ~ ~ ~ .  For design of dc28-36 
see (19). All assays were performed as de- 
scribed (22). 

NGF dc28-36 Receptors Control 

(nM) (PM) 
(%) + 
SEM 

lnhibition of steady-state specific binding 
of lz51-NGF to p75NGFR but not to TM in 

PC12 cells' 
0.5 0 p75NGFR, TrkA 100 
0.5 100 p75NGFR, TrkA 87 + 4t 
0.5 0 TrkAS 100 
0.5 100 TrkAS 133 2 42 

lnhibition of 7251-NGF binding to PC12nnr5 
predominantly expressing p75NGFR 

0.5 0 p75NGFR 100 
0.5 2 p75NGFR 102 2 6  
0.5 50 p75NGFR 83 2 3t  
0.5 200 p75NGFR 84 + 2t 
No effect on (TM-mediated) lz51-NGF uptake 

in PC 12 cells 
0.04 0 p75ffiFR, TrkA 1009 
0.04 200 p75NGFR, TrkA 96 + 4 

No effect on NGF-dependent survival of 
PC12 cellsll 

0.04 0 p75NGFR, TrkA 100 
0.04 200 p75NGFR, TrkA 103 + 3 

'Calculated p75NGFR occupancy (total-TW) at 100 pM 
dc28-36 = 84 ? 4%t. tP < 0.01, Student's t 
test. $Brain-derived neurotrophic factor (5 nM) was 
used to prevent NGF binding to p75NGFR but not to 
T W .  $1 00% is 1.25 fmol of NGF per lo6 cells taken 
up over 30 min at 37%. llln serum-free conditions. 
48 hours at 37%. 

Mice were injected daily from PO (PO is 
the day of birth) through PI5 subcutane- 
ously (the blood-brain barrier is still open at 
this time) (20) with saline or saline con- 
taining dc28-36. At P15, the number of , 

cholinergic medial septum neurons in dc28- 
36 peptide-treated control mice was -43% 
higher than in saline- or noninjected P15 
controls (Table 2). Thus, dc28-36 had pre- 
vented the death of these neurons, similar 
to noninjected or dc28-36 peptide-treated 
p75NGFR-deficient mice (Table 2). This 
provides additional evidence that p75NGFR 
mediates the death of developing cholin- 
ergic neurons in vivo. 

The mechanisms of p75NGFR-induced 
apoptosis in forebrain cholinergic neurons 
remain to be resolved. Potentially, binding 
of ligand (most likely neurotrophins) to 
p75NGFR could induce apoptosis through 
the TrkA-independent ceramide pathway 
(5, 6). The observation that TrkA can 
inhibit ceramide formation (5) is consis- 
tent with our finding that all surviving 
cholinergic neurons expressed TrkA. In 
the absence of NGF, p75NGFR can induce 
neuronal death by inhibiting ligand-inde- 
pendent TrkA autophosphorylation, that 
is, prevent the intrinsic survival-promot- 
ing signaling of TrkA ( 1, 1 1 ). This mech- 
anism probably does not play a role in the 
developmental death of the cholinergic 
basal forebrain neurons, because apparent- 
ly only those lacking TrkA died. Others 
have suggested a death-mediating role for 
unbound p75NG* in the absence of TrkA 
(9, 21). 

The mechanism whereby peptide dc28- 
36 mimicked the phenotype of the p75NGFR 
null mutation (no basal forebrain neuron 
loss) in control mice remains to be resolved. 
In vitro, dc28-36 had a relatively small 
inhibitory effect on binding but a pro- 

Table 2. dc28-36 prevents death of developing 
cholinergic basal forebrain neurons in control 
mice. Peptide dc28-36 was injected subcutane- 
ously daily from PO through PI5 (29 kg/g of body 
weight; 0.1 ml of 250 pM; molecular weight = 
11 63 daltons). The average number of cholinergic 
neurons per medial septum section was deter- 
mined at PI 5 (23). Control groups contained 1291 
Sv and Balb/c mice, which had similar neuron 
numbers. 

Treatment group Number 
2 SEM 

Control + none 19.321.8 5 
Control + saline 19.4+1.1 8 
Control + dc28-36 27.8 2 1.2" 7 
~ 7 5 ~ ~ ~ ~ - d e f i c i e n t  + none 28.6 + 1 .0" 8 
~ 7 5 ~ ~ ~ ~ - d e f i c i e n t  26.0 + 1.0" 4 

+ dC28-36 

'Significantly different [P < 0.0001, ANOVA, F(4,27) = 
15.258, and supplemental t test] from noninjected and 
saline-injected control groups. 
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nounced blocking effect o n  crosslinking of 
NGF to  p75NGFK. This suggests that the  
peptide interfered with post-binding con- 
fortnarional changes of ligand or p75N"FK 
or both, thereby blocking activation of 
death-related pathways. T h e  suggestion 
that such post-docking events detertnine 
the  type of downstream signaling from 
p75NcFR emerges from the  finding that,  
although all neurotrophins can bind to 
p75NUFR, only NGF activates NF-KB 
through p75N"FR in Schwann cells (4) .  

In conclusion, we present in  vivo evi- 
dence that p75N"FK mediates apoptosis of 
developing cholinergic basal forebrain and 
neostriaturn neurons, and that pharmaco- 
logical modulation of p7jNGFK can promote 
neuronal survival. These findings are rele- 
vant to the observation that cholinergic 
basal forebrain neurons are involved in 
learning alld memory, and degenerate in 
Alzheimer's disease. 

REFERENCES AND NOTES 

1. L. A. Greene and D. R. Kaplan. Curr Opm. Neuio- 
biol. 5, 579 (1 995) 

2. M. Bothwell. Annii. Rev. Neurosci. 18, 223 (1995): 
M. V. Chao and B. L. Hempstead, Trends Neuroscr, 
18. 321 (1 995). 

3. R Curtls et a/., Neuron 14, 1201 (1 995) 
4. B D. Carter et a/., Sclence 272, 542 (1996). 
5. R. T. Dobrowsky, M. H. Werner, A. M. Castelno, 

M. V. Chao, Y. A. Hannun, ibid 265, 1596 (1 994): R.  
T Dobro!vsky, G M. Jenk~ns, Y. A. Hannun, J Biol. 
Chem. 270, 221 35 (1995). 

6. Y. A. Hannun and L M Obeid, Trends Biochem. SCI. 
20, 73 (1 995): M. Verhe~] el a/., Nature 380, 75 
(1 996). 

7. M. V. Chao, Mol. Cell Neiaosci. 6, 91 (1995). 
8. 0. Cuvlller et a/., Nature 381, 800 (1 996). 
9. S. Rab~zadeh e l  a/., Sclence 261, 345 (1993). 

10. P. Barker and F. M~ller, personal cornmunlcatlon. 
11. G. L. Barrett and P. F. Bartett, Proc. Natl Acad. Sci. 

U.S.A. 91, 6501 (1994), G. L. Barrett and A. Geor- 
giou, J. Neiiroscl. Res. 45, 11 7 (1996). 

12. S. Koh and R. Loy, J Neiiroscl. 9, 2999 (1989). 
13. Y. Li et a/., \bid. 15, 2888 (1 995). 
14. K. F Lee et a/., Cell 69, 737 (1 992). 
15. T. Hagg, M. Manthorpe, H. L. Vahlslng, S. Varon, 

Exp. Neiirol. 101 , 303 (1 988): T. Hagg el a/., Brain 
Res 505, 29 (1 989). 

16 Y Gavr~el~, Y. Sherman, S. A. Ben-Sasson, J. Cell 
Biol. 11 9, 493 (1 992); M. C. Raff el  a/., Science 262, 
695 (1 993). 

17. S. Koh. G. A. Ovler. G. A. Hlaans. EXD Neurol. 106. 
209 (1 989): T Sobrevlea ey>l , J. cornp. Neiirol 
350. 587 11 9941 

~ , - 

18 B. C. F~gueiredo, U. Otten, S Strauss, B. Volk, D. 
Maysnger, Dev Brain Res 72, 237 (1993) 

19 We syntheszed a conformat~onally constrained pep- 
tlde contaming the V1 loop reyion of NGF, whch 
particpates In ts  binding to [C F lbanezet 
a/.. Cell 69, 329 (1992)l and affects NGF-mediated 
neurlte outgroMh [F. M. Longo et a/.. Cell Regul. 1, 
189 (1 990)], but has not been mplicated In a d~rect 
TrkA ~nteract~on. The hear pept~de Cys-Ala-Thr- 
Asp-e-Lys-Gly-Lys-Glu-Cys was synthes~zed [E. 
Atherton and R. C. Sheppard, Solld Phase Peptide 
Synthesis (IRL Press, Oxford, 1989JI and purlfled with 
high-performance liqu~d chromatography (HPLCI. 
The sequence and composlt~on was confirmed by 
sequence analys~s and mass spectroscopy The 
pept~de was cycl~zed by way of d~sulf~de bonds be- 
tween the Cys residues to the depsl-cycl~c product 
dc28-36 [K. K. Lee, J. A. Black, R. S. Hodges, In High 
Performance Liqiiid Chromatography of Peptides 

and Protelrrs, C. T Mant and R. S. Hodges, Eds. 
(CRC, Boca Raton, FL, 19911, pp 389-3981 and 
purlfled by HPLC. The pept~de nature was conf~rmed 
by approprate changes n the HPLC retention tlme of 
the peptde and by mass spectroscopy 

20 W R~seau and H. Woburg Trends Rleuroscl. 13, 174 
(1990); Y. Krl, J. Fawcett, K. M. Mearow, E. Pertens, 
J. D~amond, Soc. IVeurosci. Abstr 21 1539 (1 995). 

21. G Taglialatela, C. J. H~bbert, L. A. Hutton, K. Werr- 
bach-Perez, J. R. Perez-Polo, J iveurochem. 66, 
1826 (1996). 

22. S. M. Dostaer et a/., Eur. J. iveuroscl. 8, 870 ( I  996). 
23 All an~mal procedures were performed accord~ng to 

the Canadan Councl for An~mal Care gudelnes. 
Mouse brarls were processed for h~stoogcal analy- 
sis as descr~bed for rats (15). Eve?) thlrd 30-bm 
coronal section through the medal septum was m -  
munoreacted w~th polyclonal ant~bod~es to ChAT 
(A61 43, Chemlcon, Temecula, CAI. The two sets of 
adja~ent sectlons were sta~ned w~th polyclonal anti- 
bod~es to TrkAor ~ 7 5 ~ ~ ~ "  (antREXI (L. F. Rechardt, 
Unlv, of Cal~forn~a, San Franc~scoi The number of 
~mmunoreactive neurons In one half of the medial 
septum was counted In all of the SIX to eght sec- 
tons per marker for each an~ma, and expressed as 

an average per sechon. Numbers were corrected 
accord~ng to the forinua [M. Abercromb~e, Anat 
Rec. 94, 239 (1946)j N = n X T!(T-D), where N = 
total number, n = counted prof~les T = section 
thckness, and D = longest cell diameter. The size 
of the neurons in control and p75NGFa-def~c~ent 
mlce showed an increase up to P I  5, followed by a 
decrease to adult values as 1s seen In rats [E. 
Gould N. J VVoof, L L. Butcher, Braiii Res. Bull. 27, 
767 (1991 I!, but was sm~lar for both qroups at each 
age. 

24. VVe are grateful for the ~ 7 5 ~ " ' ~  and TrkA antbodies 
from L. F. Relchardt and the excellent techn~cal sup- 
port from J. Bunker, M Netherton, and D. Sadi, lAJe 
thank N Tatton for guidance w~th the Apoptag meth- 
od, J Hebb for suggesting the peptide experiment, 
and E. M. Johnson, Jr. (Washington University St. 
LOUIS, MOI and E. M. Shooter (Stanford Un~versity, 
CA) for their helpful input on the manuscript. Support- 
ed by Allelx Bopharmaceutcals, M~ssissauga, Ontar- 
10, Canada, and the Network of Centres of Excellence 
(Canada) (R.J.R, andT.H.I and a Scholarship from the 
Medcal Research Council of Canada (T H.). 

8 July 1996, accepted 3 October 1996 

DPY-26, a Link Between Dosage Compensation 
and Meiotic Chromosome Segregation 

in the Nematode 
Jason D. Lieb, Elizabeth E. Capowski, Philip Meneely,* 

Barbara J. Meyeri 

The DPY-26 protein is required in the nematode Caenorhabditis elegans for X-chromo- 
some dosage compensation as well as for proper meiotic chromosome segregation. 
DPY-26 was shown to mediate both processes through its association with chromo- 
somes. In somatic cells, DPY-26 associates specifically with hermaphrodite X chromo- 
somes to reduce their transcript levels. In germ cells, DPY-26 associates with all meiotic 
chromosomes to mediate its role in chromosome segregation. The X-specific localization 
of DPY-26 requires two dosage compensation proteins (DPY-27 and DPY-30) and two 
proteins that coordinately control both sex determination and dosage compensation 
(SDC-2 and SDC-3). 

M a n y  sexually reproducing organisms, in- 
cluding C, elegans, rely o n  a chromosorne- 
counting mechanism for determining their 
sex. In such organisms the two sexes differ 
in  the  dosage of their X chron~osomes. 
These organisms have evolved strategies to 
compensate for this difference in gene dose 
and thereby nrevent a lethal imbalance in , L 

gene products. T h e  dosage compensation 
mechanisms involve chromosotne-wide reg- 
co la ti on of gene expression (1 ) .  In  C. el- 
egans, hermaphrodites (XX) reduce the  lev- 
el of transcripts frotn each of their two X 
chromosomes to equalize X-chromosome 
gene expression with that of males (XO) 
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(2-4). A regulatory gene hierarchy controls 
dosage compensation in C. elegans, and her- 
maphrodites deficient in these genes die 
from overexpression of their X-linked genes 
(5, 6 ) .  Dosage compensation is implement- 
ed by a protein coinplex that includes prod- 
~ ~ c t s  of a t  least two genetically defined dos- 
age compensation dumpy genes, dpy-26 and 
dpy-27 (7).  T h e  dpy-27 gene product, DPY- 
27, associates specifically with hermaphro- 
dite X chromosomes and is a member of a 
highly conserved family of proteins in- 
volved in chromosome condensation and 
segregation (4 ,  8). These properties suggest 
that dosage compensation is achieved 
through changes in  X chromosome struc- 
ture (4) .  

Here, we present a study of the  dplt-26 
gene, whose protein product, DPY-26, not 
oilly forms a complex with DPY-27 to 
achieve dosage compensation, but also 
functions independently of DPY-27 in mei- 
osis. Unlike dpy-27 mutations, dpy-26 mu- 
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