


embryos [9]. Thus, as for the plant phragmoplast, the tar-

geting of membrane vesicles by microtubule-mediated

motor proteins may mediate the addition of new mem-

brane during cytokinesis in animal cells.

Studies of cytokinesis in the early C. elegans embryo now

provide loss-of-function genetic evidence that membrane

addition is required for cytokinesis in an animal cell. This

advance comes from Jantsch-Plunger and Glotzer [4], who

have taken advantage of the nearly complete genome

sequence of C. elegansthat is now available, and the power-

ful technique of RNA-mediated interference (RNAi), to

survey all known C. eleganssyntaxin genes for requirementsduring embryonic cytokinesis. They inactivated eight dif-

ferent syntaxin genes by RNAi and found one, called syn-4,that appears to be required both for cytokinesis and for the

reassembly of nuclei after the completion of cell division.

C. elegans embryos lacking syn-4function were found toexhibit partially penetrant defects in cytokinesis: approxi-

mately two-thirds of the embryos analyzed failed to

complete the first two rounds of embryonic cytokinesis.

Some embryos failed to form ingressing furrows, whereas

in others the furrows ingressed substantially but ulti-

mately regressed. Many of the syn-4-deficient embryos

also exhibited defects in the extrusion of polar bodies

during meiosis, apparently as a result of defects in meiotic

cytokinesis. Finally, mitotic spindles appeared to segre-

gate chromosomes normally in the absence of syn-4func-tion, but supernumerary nuclei sometimes formed as

chromosomes decondensed and attempted re-assembly

into daughter nuclei. Syn-4 protein, as detected by immunofluorescent labeling,

localizes prominently to cleavage furrows and to small

structures dispersed throughout the cytoplasm that

concentrate around re-forming nuclei. Syn-4 may therefore

be required for membrane addition at the cleavage furrow

during cytokinesis, and for subsequent membrane fusion

events that mediate nuclear re-assembly. Further support-

ing a role for membrane addition, the inactivation by RNAi

of rab-11—which encodes a C. elegansmember of the Rabfamily of small GTPases that have also been implicated in

specific membrane fusion events —results in a cytokinesis

defect similar to that caused by inactivation of syn-4(A.Skop and J. White, personal communication). 

T h e s e  r e s u l t s  w i t h  C .  e l e g a n s s u p p o r t  t h e  v i e w  t h a t

m e m b r a n e  a d d i t i o n  i s  r e q u i r e d  d u r i n g  c y t o k i n e s i s  i n

a n i m a l  c e l l s ,  a s  i n  p l a n t  c e l l s ,  b u t  i m p o r t a n t  i s s u e s  r e m a i n

t o  b e  a d d r e s s e d .  O n e  i s  t h e  q u e s t i o n  o f  w h e t h e r  n e w

m e m b r a n e  m a t e r i a l  i s  t a r g e t e d  s p e c i f i c a l l y  t o  t h e  c l e a v a g e

f u r r o w  d u r i n g  m i t o s i s  i n  C .  e l e g a n s e m b r y o s .  F u r t h e r

i n s i g h t  m i g h t  c o m e  f r o m  m e m b r a n e - l a b e l i n g  a n d

u l t r a s t r u c t u r a l  s t u d i e s  o f  v e s i c l e  f u s i o n  o r  a c c u m u l a t i o n  a t

t h e  c l e a v a g e  f u r r o w  d u r i n g  c y t o k i n e s i s  i n  w i l d - t y p e  a n d

s y n - 4 - d e f i c i e n t  e m b r y o s .  I n d e e d ,  i t  r e m a i n s  p o s s i b l e  t h a t S y n - 4  a n d  R a b - 1 1  a r e  r e q u i r e d  t o  t r a n s p o r t  t r a n s m e m -

b r a n e  p r o t e i n ( s )  e s s e n t i a l  f o r  c y t o k i n e s i s  t o  t h e  c e l l

s u r f a c e ,  i n  w h i c h  c a s e  t h e  p h e n o t y p e s  c a u s e d  b y  l o s s  o f

f u n c t i o n  o f  t h e s e  p r o t e i n s  m i g h t  n o t  b e  d u e  t o  d e f e c t i v e

m e m b r a n e  a d d i t i o n .  S u c h  a n  i n d i r e c t  e x p l a n a t i o n  i s  s u p -

p o r t e d  b y  t h e  o b s e r v a t i o n  t h a t  s y n - 4 m u t a n t s  f a i l  t o

s e c r e t e  a  n o r m a l  c h i t i n o u s  e g g s h e l l  f o l l o w i n g  f e r t i l i z a t i o n

[ 4 ] ,  r a i s i n g  t h e  p o s s i b i l i t y  t h a t  S y n - 4  m i g h t  b e  r e q u i r e d
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more generally for the fusion of all secretory vesicles at
the cell surface. 

The identification and analysis of temperature-sensitive
alleles of syn-4 may be necessary to dissect these different
requirements. Meanwhile, examining the localization of
transmembrane proteins expressed in the early embryo,
such as the Delta and Notch homologs Glp-1 and Apx-1,
might indicate whether syn-4 is required more generally
for vesicle transport. It will also be interesting to learn
whether microtubules are involved in targeting new
membrane addition in C. elegans embryos, and whether the
midzone microtubules that become constricted by the
contractile ring at the end of cytokinesis are in some ways
similar to the phragmoplast of dividing plant cells. 

Intriguingly, a protein that from its sequence is likely to be a
member of the kinesin family of motor proteins is localized
to the spindle midzone in early C. elegans embryos [10,11].
This protein is called Zen-4 or CeMKLP1, and inactivation
of the zen-4 gene was found to result in a late defect in
cytokinesis, with cleavage furrows regressing only after sub-
stantial ingression. While the cytokinesis defect in zen-4
mutant embryos might be caused indirectly by spindle
defects, it also is possible that Zen-4/MKLP-1 is required to
target membrane vesicles to the cleavage furrow late in
cytokinesis, promoting the final separation of daughter cells
at the spindle midzone eT*ı˝0.26 Twı˝(s Twı˝Twı˝(simil,alloihter cells)Tjı˝T*nr cellsslate in)Tthe final sdeT*ı˝ect3G Tw ˝T*ı˝0.03-13.logs Glp-
mired more geoThe fi27d more generally
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