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ABSTRACT 

The unc-52(II) gene encodes the nematode homologue of 
p e r l e c a n , a mammalian basement membrane (BM) p r o t e o g l y c a n . UNC-52 
i s e s s e n t i a l f o r p r o p e r myofilament assembly and muscle attachment 
i n C. elegans. The l o n g e s t p r e d i c t e d UNC-52 p r o t e i n has f i v e 
s t r u c t u r a l domains, i n c l u d i n g a L D L - r e c e p t o r - l i k e domain (domain 
I I ) , a l a m i n i n - l i k e domain (domain I I I ) , an NCAM-like domain 
(domain IV) and a g l o b u l a r l a m i n i n - l i k e domain (domain V) . The 
unc-52 gene c o n s i s t s of 37 exons which, through a l t e r n a t i v e 
s p l i c i n g , generate a number of p r o t e i n i s o f o r m s . These i s o f o r m s 
show b o t h t i s s u e and temporal s p e c i f i c i t y . The domain s t r u c t u r e 
of unc-52 l e n d s i t s e l f t o r e g u l a t i o n v i a a l t e r n a t i v e s p l i c i n g . I n 
p a r t i c u l a r , domain IV c o n t a i n s m u l t i p l e c o p i e s o f an 
i m m u n o g l o b u l i n - l i k e r e p e a t (Ig-repeat) and many of the r e p e a t s 
are encoded by i n d i v i d u a l exons. A l t e r n a t i v e s p l i c i n g o f exons 
16, 17 and 18 a l t e r s the number of I g - r e p e a t s w i t h i n t h i s domain. 

N u l l m u t ations i n unc-52 l e a d t o a l e t h a l Pat ( p a r a l y z e d 
a r r e s t e d e l o n g a t i o n a t two-fold) phenotype (e.g. st549), w h i l e 
m u t a t i o n s i n exons 16-18 l e a d t o a v i a b l e Unc phenotype. Through 
the sequence a n a l y s i s of two new unc-52 m u t a t i o n s , st560 and 
r a l l 2 , I e s t a b l i s h e d t h a t domain I V - c o n t a i n i n g i s o f o r m s of unc-52 
a r e c r i t i c a l f o r myofilament assembly d u r i n g e a r l y development. 
These two mutations both l e a d t o a Pat phenotype and r e s u l t i n 
premature t r u n c a t i o n o f UNC-52 i s o f o r m s w i t h domain IV; st560 i s a 
s t o p codon i n exon 13; and r a l l 2 i s an d e l e t i o n removing s e v e r a l 
I g - e n c o d i n g exons w i t h i n domain IV. 

U s i n g a T e l e x c i s i o n and d o u b l e - s t r a n d break r e p a i r scheme t o 
v a r y the number of I g r e p e a t s w i t h i n an i s o f o r m , I addressed the 
f u n c t i o n a l s i g n i f i c a n c e of domain IV i n e s t a b l i s h i n g p r o p e r 
muscle assembly. I sought t o determine the m i n i m a l number of 
Ig r e p e a t s n e c e s s a r y w i t h i n domain IV t o a l l o w p r o p e r myofilament 
assembly and t o determine the r o l e of c o m b i n a t o r i a l I g r e p e a t s i n 
assembly. I c h a r a c t e r i z e d e i g h t in-frame d e l e t i o n a l l e l e s c r e a t e d 
by T e l e x c i s i o n which e l i m i n a t e from 1 t o 4 I g r e p e a t s . Animals 
homozygous f o r these d e l e t i o n s appear w i l d - t y p e i n movement and 
muscle s t r u c t u r e . 

The mec-8 gene encodes a p u t a t i v e RNA-binding p r o t e i n t h a t i s 
r e q u i r e d f o r some of the a l t e r n a t i v e s p l i c i n g of unc-52 (Lundquist 
et al., 1996). I n the absence of MEC-8 f u n c t i o n , o t h e r w i s e v i a b l e 
m u t a t i o n s i n the a l t e r n a t i v e l y - s p l i c e d r e g i o n of unc-52 a r e l e t h a l 
because the a f f e c t e d exons are no l o n g e r s p l i c e d out of embryonic 
unc-52 pre-mRNA (Lundquist e t al., 1996). I c o n s t r u c t e d s e v e r a l 
mec-8; unc-52(deletion) double mutants t o ask whether MEC-8 
f u n c t i o n was s t i l l r e q u i r e d i n the absence of i t s s p l i c i n g t a r g e t . 
I found t h a t mec-8(null); unc-52(viable deletion) c o m b i n a t i o n s are 
p h e n o t y p i c a l l y w i l d - t y p e , s u g g e s t i n g a complete independence from 
mec-8. 
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I N T R O D U C T I O N 

I . E x t r a c e l l u l a r Matrices 

Basement membranes (BM) a r e d e f i n e d as s p e c i a l i z e d r e g i o n s o f 

the e x t r a c e l l u l a r m a t r i x (ECM) (Yurchenco & S c h i t t n y , 1990) . These 

membranes form a dynamic network, a c t i n g as both a b a r r i e r and a t 

times a zone f o r i n f o r m a t i o n t r a n s f e r between two d i s t i n c t t i s s u e 

types. A l l e x t r a c e l l u l a r m a t r i c e s have the same b a s i c components 

i n c l u d i n g c o l l a g e n s (type IV), l a m i n i n s , nidogen and heparan s u l f a t e 

p r o t e o g l y c a n s (perlecan) (Tiinpl, 1993; Timpl and Brown, 1996) . There 

i s tremendous s t r u c t u r a l d i v e r s i t y w i t h i n each of these components 

which leads t o a q u a l i t a t i v e l y d i v e r s e a r r a y of m a t r i c e s (Timpl and 

Brown, 1996) . This d i v e r s i t y a r i s e s from the presence o f multigene 

f a m i l i e s f o r each of these components (van den B r u l e e t al, 1995; 

H e i k k i l a and S o i n i n e n , 1996) and/or a l t e r n a t i v e s p l i c i n g o f these 

ECM encoding genes (Noonan et al, 1991; Timpl, 1993; Lundquist e t 

al, 1996) . The BM i s important as a s t r u c t u r a l s u b s t r a t e f o r the 

attachment o f c e l l s and a l s o as the mediator of chemical g r a d i e n t s 

f o r the m i g r a t i o n of c e l l s . I t appears t o perform t h i s l a t t e r 

f u n c t i o n by a c t i n g as a molecular s i e v e f o r the d i f f u s i o n of 

m a t e r i a l s between t i s s u e types (Inoue, 1994). The s t r u c t u r a l 

components of the m a t r i x can a l s o a c t as l i g a n d s v i a i n t e r a c t i o n s 

w i t h v a r i o u s transmembrane r e c e p t o r s ( u s u a l l y i n t e g r i n s ) on c e l l 

s u r f a c e s (reviewed i n Calderwood e t al, 1997) . I n some cases, 

these i n t e r a c t i o n s remain s t a t i c and thus a c t as an anchor f o r 

s t a b i l i z i n g the attachment of c e l l s , but i n many cases the 

i n t e r a c t i o n may be more dynamic thus l e a d i n g t o s i g n a l i n g between 

ad j a c e n t t i s s u e s . C e l l u l a r responses t o these e x t r a c e l l u l a r s i g n a l s 
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a l t e r s gene e x p r e s s i o n which can have profound e f f e c t s on c e l l u l a r 

behaviour i n c l u d i n g m i g r a t o r y p r o p e r t i e s , morphology, growth, and 

d i f f e r e n t i a t i o n . 

II. Perlecan/UNC-52 

A t p r e s e n t we know a gre a t d e a l about the s t r u c t u r a l components 

of the ECM but much l e s s i s known about t h e i r f u n c t i o n a l r o l e s . 

T h is s i t u a t i o n i s e s p e c i a l l y acute f o r p r o t e o g l y c a n s . P r o t e o g l y c a n s 

a r e g l y c o s y l a t e d p r o t e i n s which have c o v a l e n t l y a t t a c h e d h i g h l y 

a n i o n i c glycosaminoglycans (reviewed i n Timpl, 1993) . The major 

b i o l o g i c a l f u n c t i o n of pr o t e o g l y c a n s d e r i v e s from the 

phy s i c o c h e m i c a l c h a r a c t e r i s t i c s o f the glycosaminoglycan component 

of the molecule, which p r o v i d e s h y d r a t i o n and s w e l l i n g p r e s s u r e t o 

the r e s p e c t i v e t i s s u e e n a b l i n g i t t o w i t h s t a n d compressional f o r c e s 

( Y a n a g i s h i t a , 1993) . Other b i o l o g i c a l f u n c t i o n s i n c l u d e c o n t r o l of 

f i l t r a t i o n through BMs and b i n d i n g o r storage of growth f a c t o r s and 

pr o t e a s e i n h i b i t o r s (Timpl, 1993) . The conce r t e d a c t i o n of 

proteases t h a t degrade the p r o t e i n core and heparanases t h a t remove 

the heparan s u l f a t e may modulate the b i o a v a i l a b i l i t y o f bound growth 

f a c t o r s . There a r e other p r o t e o g l y c a n s found i n v a r i o u s v e r t e b r a t e 

t i s s u e s which a r e u s u a l l y d e f i n e d through the b i n d i n g o f d i f f e r e n t 

sugar s i d e chains such d e c o r i n (Yamaguchi and R u o s l a h t i , 1988) , 

aggrecan (Doege e t a l , 1990) and bamacan (Couchman e t a l , 1996) . 

P e r l e c a n i s re c o g n i z e d as the most abundant heparan s u l f a t e 

p r o t e o g l y c a n i n v e r t e b r a t e s . The gene f o r p e r l e c a n was f i r s t c l o n e d 

and sequenced i n mouse (Noonan e t al, 1991) and l a t e r , a human 

(Murdoch e t al, 1992; K a l l u n k i & Tryggvason, 1992) and a 

Caenorhabditis elegans (Rogalski e t al, 1993) homologue were 

c h a r a c t e r i z e d . A l l v e r s i o n s share an i d e n t i c a l five-domain modular 
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s t r u c t u r e w i t h h i g h e s t o v e r a l l homology t o well-known p o l y p e p t i d e s . 

The f i r s t domain (domain I) i s unique t o t h i s p o l y p e p t i d e and i s the 

o n l y r e g i o n where the C. elegans homologue s i g n i f i c a n t l y d i f f e r s 

from the ot h e r two; the second (domain I I ) i s s i m i l a r t o the 

r e c e p t o r domain of the LDL c l a s s of r e c e p t o r s ; domain I I I shares 

homology w i t h the s h o r t chains of l a m i n i n A; domain IV i s composed 

of contiguous u n i t s (21 repeats i n humans, 14 i n mouse and C. 

elegans) most l i k e the n e u r a l c e l l adhesion molecule f a m i l y o f 

immunoglobulin (Ig) repeats ( R o g a l s k i e t a l , 1993) ; and domain V i s 

composed of l a m i n i n g l o b u l a r r e g i o n s separated by s h o r t E G F - l i k e 

r e p e a t s (Noonan e t al, 1991; Murdoch e t a l , 1992; K a l l u n k i & 

Tryggvason, 1992; R o g a l s k i e t al, 1993; T.M. R o g a l s k i , G.P. M u l l e n 

and D.G. Moerman, unpub. r e s u l t s ) . I n C. elegans, the gene t h a t 

encodes p e r l e c a n i s the unc-52 l o c u s . I t i s a l a r g e gene spanning 

over 25 kb, and i s composed of 37 exons t h a t p o t e n t i a l l y encodes an 

open r e a d i n g frame of almost 3500 amino a c i d r e s i d u e s ( R o g a l s k i e t 

a l , 1993, 1995; T.M. R o g a l s k i , G.P. M u l l e n and D.G. Moerman, unpub. 

r e s u l t s ) . 

To b e t t e r understand the r o l e of p e r l e c a n i n BM f u n c t i o n , we 

have chosen the nematode C. elegans as our model system. By u s i n g a 

simple eukaryote, we can u t i l i z e g e n e t i c s as a t o o l t o manipulate 

c e l l u l a r and e x t r a c e l l u l a r components. R e s u l t s gained through 

s t u d y i n g the mole c u l a r nature and f u n c t i o n a l r o l e s o f i n d i v i d u a l , o r 

groups of components, i n t h i s s i m p l e r system may be a p p l i c a b l e t o 

more complex organisms. The gr e a t number of mutants i n C. elegans 

and i t s we 1 1 - c h a r a c t e r i z e d genome make i t an i d e a l organism i n which 

t o study many b i o l o g i c a l processes (reviewed i n Wood, 1988, R i d d l e , 

1997) . Research i n our l a b o r a t o r y i s aimed a t d e t e r m i n i n g the 

i n t e r a c t i o n s between the BM and the p r e c u r s o r s o f the body w a l l 
3 



muscle t h a t a r e necessary f o r the formation of a f u n c t i o n a l muscle 

quadrant i n C. elegans (see F i g u r e 1 f o r d e t a i l s ) . My s p e c i f i c 

p r o j e c t has been t o f u r t h e r c h a r a c t e r i z e t h e f u n c t i o n a l r o l e o f 

nematode p e r l e c a n i n t h i s developmental process (see below). 

I I I . Muscle Structure in C. elegans 

There a r e 95 s t r i a t e d body-wall muscle c e l l s i n the a d u l t C. 

elegans. Only 81 c e l l s a r e p r e s e n t a t b i r t h . The remaining c e l l s 

a r e added e a r l y on d u r i n g postembryonic development ( S u l s t o n and 

H o r v i t z , 1977; S u l s t o n e t al, 1983) . These a r e arranged i n t o f o u r 

quadrants, two d o r s a l and two v e n t r a l . Each quadrant runs the 

l e n g t h of the l o n g i t u d i n a l a x i s and c o n s i s t s of a double row of 

spindle-shaped c e l l s (Figure 2) . The b a s i c repeat u n i t w i t h i n 

muscle t h a t i s r e s p o n s i b l e f o r c o n t r a c t i o n i s the sarcomere (Fi g u r e 

1; reviewed i n Waterston, 1988; Moerman and F i r e , 1997). There a r e 

7-10 sarcomeres a c r o s s the w i d t h of an a d u l t muscle c e l l and these 

are e a s i l y v i s u a l i z e d as A- or I-bands u s i n g p o l a r i z e d l i g h t 

microscopy. A sarcomere i s composed of bundles o f m y o s i n - c o n t a i n i n g 

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

Myosin i s anchored by M - l i n e s w h i l e a c t i n i s anchored by dense 

b o d i e s . The myofilament l a t t i c e i s anchored t o the c e l l s u r f a c e 

through a s e r i e s of l a t e r a l attachments ( f o c a l adhesions) which 

t i g h t l y adheres the c e l l t o the u n d e r l y i n g BM and hypodermis as w e l l 

as a d j a c e n t muscle c e l l s ( F r a n c i s and Waterston, 1985, 1991). 

IV. Focal Contacts 

I n g e n e r a l , any d i s r u p t i o n s i n f o c a l adhesion d e s t r o y s the 

s t r u c t u r a l l i n k between the c y t o s k e l e t o n , ECM and s u b s t r a t e . These 

l i n k s a r e c r u c i a l s i n c e they are r e g i o n s where s i g n a l t r a n s d u c t i o n 
4 



F i g u r e 1. 

S t r u c t u r e o f the sarcomere and basement membrane 

P a r t A. A schematic r e p r e s e n t a t i o n of a sarcomere, the b a s i c 
c o n t r a c t i l e u n i t of C. elegans muscle. The major s t r u c t u r a l 
f e a t u r e s a r e i n d i c a t e d such as the a c t i n - c o n t a i n i n g t h i n f i l a m e n t s 
(blue) which are anchored by dense b o d i e s (mauve, analogs of 
v e r t e b r a t e Z l i n e s ) and m y o s i n - c o n t a i n i n g t h i c k f i l a m e n t s (light 

orange) whose alignment i s m a i n t a i n e d by M - l i n e components 
(purple) . Some of the e x t r a c e l l u l a r components a r e a l s o shown. 
The unc-52 gene p r o d u c t s (light green), are found i n the basement 
membranes u n d e r l y i n g muscle c e l l s and p l a y an e s s e n t i a l r o l e i n 
a n c h o r i n g the dense b o d i e s to the c u t i c l e f o r l a t e r a l t r a n s m i s s i o n 
of the f o r c e s g e n e rated w i t h i n the sarcomere. 
P a r t B. An enlargement of a p o r t i o n of the b a s a l s u r f a c e of the 
muscle cell-BM-hypodermal j u n c t i o n . Many of the s t r u c t u r a l 
components of the f o c a l adhesion complex a t the membrane i t s e l f 
have been determined and t h e i r i n t e r a c t i o n s documented ( B u r r i d g e 
and Chrzanowska-Wodnicka, 1996) but the f u n c t i o n a l r o l e s of the 
i n t e r a c t i n g p r o t e i n s i s not w e l l - c h a r a c t e r i z e d . T h i s i s 
p a r t i c u l a r l y obvious i n the BM. As the t r a n s i t i o n diagram 
demonstrates, in v i t r o d a t a show the p o s s i b l e i n t e r a c t i o n s t h a t 
c o u l d be o c c u r i n g between the BM components but the n a t u r e of 
t h e i r assembly i s u n c l e a r . 
P a r t C. Diagrammatic r e p r e s e n t a t i o n of a p o s s i b l e BM a r c h i t e c t u r e 
showing the p u t a t i v e l a y e r i n g of components (Adapted from 
Yurchenco and S c h i t t n y , 1990). 
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r e l a t e s t o the assembly of c e l l u l a r components. Through a g g r e g a t i o n 

of i n t e g r i n r e c e p t o r s , the c o n s t i t u e n t s on the muscle c e l l membrane 

s i d e of the BM which i n c l u d e v i n c u l i n , t a l i n , o c - a c t i n i n , and f o c a l 

adhesion k i n a s e (FAK) s t i m u l a t e s i g n a l cascades which i n f l u e n c e s t he 

form a t i o n of c o n t r a c t i l e p r o t e i n s (Jockusch e t al, 1995; B u r r i d g e 

and Chrzanowska-Wodnicka, 1996; Moerman and F i r e , 1997). The BM 

network a c t s as a mediator of adhesion t o the opposing s i d e as w e l l . 

Mechanical s t a b i l i t y here i s c o n f e r r e d through m o l e c u l a r l y d i s t i n c t 

j u n c t i o n s c a l l e d hemidesmosomes which a re on the hypodermal s i d e o f 

the BM (see F i g u r e 1) . The exos k e l e t o n of C. elegans t h e r e f o r e has 

a d i r e c t l i n k a g e t o the muscle, mediated by the ECM. 

V . Muscle Development 

The development of C. elegans body-wall muscle i s w e l l 

c h a r a c t e r i z e d ( S u l s t o n e t al, 1983; reviewed i n Moerman & F i r e , 

1997) . Muscle c e l l s a r e not si m p l y c l o n a l l y d e r i v e d i n most cases. 

S e v e r a l o f the e a r l y blastomeres g i v e r i s e t o muscle and o t h e r 

s p e c i a l i z e d c e l l types which i m p l i e s a r a t h e r e l a b o r a t e p a t t e r n of 

commitment and d i f f e r e n t i a t i o n ( S u l s t o n e t al, 1983). Regardless o f 

blastomere d e r i v a t i o n , a l l body w a l l muscle c e l l s a r e e v e n t u a l l y 

o r i e n t e d w i t h i n the deve l o p i n g embryo along the l a t e r a l s i d e s o f the 

embryo adjacent t o the hypodermis a t around 290 minutes a f t e r f i r s t 

c l eavage (F i g u r e 3 ) . This i s the e a r l i e s t time a t which s t r u c t u r a l 

p r o t e i n s of muscle can be d e t e c t e d ( E p s t e i n e t al, 1993; Hresko e t 

al, 1994; Moerman e t a l , 1996). Most c e l l s a r e p o s t m i t o t i c a t t h i s 

stage and the muscle components a re o n l y d i f f u s e l y d i s t r i b u t e d 

w i t h i n the c e l l (Hresko e t a l , 1994) . They then m i g r a t e alon g the 

hypodermis t o t h e i r f i n a l d o r s a l o r v e n t r a l p o s i t i o n and form 
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F i g u r e 2. 

Anatomical s t r u c t u r e of the worm 

Par t A. Diagram of a p o s t e r i o r c r o s s - s e c t i o n through the a d u l t 
hermaphrodite showing major anatomical s t r u c t u r e s . Note t h a t t h e r e 
a r e f o u r muscle quadrants (red) w i t h an adjacent basement membrane 
(BM, green) juxtaposed t o the hypodermis. 
P a r t B. L a t e r a l view of a c a n o n i c a l worm showing o n l y two quadrants 
composed of a double row of muscle c e l l s . C e l l s a r e i n d i c a t e d i n 
green t o rep r e s e n t UNC-52/Perlecan i n the adj a c e n t BM. Pharynx and 
a n a l s p h i n c t e r s c o n t a i n s h o r t isoforms of UNC-52 w h i l e the body w a l l 
muscles c o n t a i n long isoforms. 
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Figure 2 . 
Anatomical structure of the worm 
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quadrants (Fi g u r e 3; Hresko, 1994; Moerman e t al, 1996; Schnabel e t 

al, 1997) . Myofilament components then become l o c a l i z e d t o the c e l l 

membranes, presumably through s i g n a l cascades and subsequent 

o r g a n e l l a r arrangement, where they form f o c a l c o n t a c t s w i t h the 

u n d e r l y i n g components of the BM and hypodermis which a r e a l s o 

l o c a l i z e d t o these r e g i o n s . At t h i s stage (approximately 350 

minutes), we see the s e c r e t i o n from muscle of the p r o t e o g l y c a n , 

p e r l e c a n , t h a t i s encoded by the unc-52 l o c u s ( F i g u r e 3; Moerman e t 

a l , 1996) . 

G e n e t i c a n a l y s i s r e v e a l s that nematode p e r l e c a n i s e s s e n t i a l 

f o r the proper assembly of the h i g h l y ordered myofilament l a t t i c e 

w i t h i n d e v e l o p i n g body w a l l muscle c e l l s ( R o g a l s k i e t al, 1993; 

Hresko e t al, 1994; W i l l i a m s and Waterston, 1994) . A f t e r b e i n g 

l o c a l i z e d o u t s i d e the muscle c e l l , UNC-52/perlecan f u n c t i o n s as p a r t 

of an adhesion complex t o anchor muscle (Moerman e t al, 1996) . I t 

i s h y p o t h e s i z e d t h a t i t may i n t e r a c t w i t h r e c e p t o r molecules, 

p o s s i b l y the i n t e g r i n complex, on the s u r f a c e of muscle c e l l s . 

Support f o r t h i s model comes from s e v e r a l l i n e s o f evidence: 1) the 

c o - l o c a l i z a t i o n of immunostaining of both i n t e g r i n and p e r l e c a n over 

the dense bodies and M - l i n e s of muscle c e l l s ( F r a n c i s and Waterston, 

1985, 1991; G.P. M u l l e n and D.G. Moerman, unpub. r e s u l t s ; 2) the 

g e n e t i c h i e r a r c h y ( e p i s t a s i s ) e s t a b l i s h e d through the c o n s t r u c t i o n 

of double mutants of i n t e g r i n and p e r l e c a n genes (W i l l i a m s and 

Waterston, 1994; G.P. M u l l e n and D.G. Moerman, unpub. r e s u l t s ) ; 3) 

the in v i t r o s t u d i e s done on mammalian homologs demonstrating t h a t 

RGD sequences of p e r l e c a n b i n d s p e c i f i c i n t e g r i n s u b u n i t s (Hayashi 

e t al, 1992; C h a k r a v a r t i e t a l , 1995; R u o s l a h t i , 1996). This 

e x t r a c e l l u l a r attachment i s e s s e n t i a l t o t r a n s m i t the muscular 

c o n t r a c t i o n s generated by the body-wall muscles t o the hypodermis 
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F i g u r e 3. 

Development of C. elegans and i t s muscle 

P a r t A. Panels 1-4 summarize the p r o c e s s of myofilament assembly 
i n C. elegans, d e p i c t i n g c r o s s s e c t i o n s of embryos a t v a r i o u s 
s t a g e s of development. The diagram i s adapted from d a t a p r e s e n t e d 
i n Hresko e t al.(1994) and reviewed i n Moerman (1997). (1) An 
embryo a t 290 min. a f t e r f i r s t c l e a v a g e . Muscle c e l l s (circles) 

have begun t o accumulate myofilament components ( d o t s ) . Muscle 
c e l l s l i e a d j a c e n t t o the l a t e r a l hypodermis a t t h i s s t age but a r e 
b e g i n n i n g t h e i r m i g r a t i o n t o f i n a l p o s i t i o n s beneath the d o r s a l o r 
v e n t r a l hypodermis. The hypodermis i s a t h i n l a y e r of c e l l s 
c o v e r i n g most of the embryo. Components d e s t i n e d f o r 
hemidesmosomes are p r e s e n t i n the hypodermis ( r e p r e s e n t e d by 
hatched regions) . (2) 350 min. embryo. Muscle c e l l s a r e 
asymmetric because m y o f i b r i l l a r c o n s t i t u e n t s (dots) a r e l o c a l i z e d 
t o membrane r e g i o n s a d j a c e n t t o o t h e r muscle c e l l s and the 
hypodermis. Both basement membrane and hemidesmosomal components 
have become c o n c e n t r a t e d a t these f o c a l r e g i o n s . (3) D o r s a l 
muscle quadrant of 420 min. embryo. Muscle c e l l s (now oval) have 
become f l a t t e n e d and m y o f i b r i l s ( d o t s ) , basement membrane (black) 

and hemidesmosome components (hatched region) are c o e x t e n s i v e . (4) 

D o r s a l muscle quadrant of 450 min. embryo shows the complete 
o r g a n i z a t i o n of the myofilament l a t t i c e and i t s e x t r a c e l l u l a r 
anchorage. 
P a r t B. Embryogenesis i n w i l d - t y p e and Pat mutants (1) Movement 
gen e r a t e d by c o n t r a c t i o n s of b o d y - w a l l muscle o c c u r when embryos 
r e a c h the 1 . 5 - f o l d l e n g t h (2) I n Pat mutants, 1 . 5 - f o l d embryos 
f a i l t o s t a r t moving and remain p a r a l y z e d . E l o n g a t i o n c o n t i n u e s 
o n l y u n t i l 2 - f o l d stage then a r r e s t s . Embryos o f t e n h a t c h and d i e 
as misshapen l a r v a e . 
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Figure 3 . 
Development of C. elegans and i t s muscle 
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and c u t i c l e i n order t o f a c i l i t a t e movement. Since UNC-52 i s 

produced by a l l the body-wall muscle c e l l s ( F r a n c i s and Waterston, 

1991; R o g a l s k i e t al, 1993; Moerman e t a l , 1996), w i t h o u t a 

f u n c t i o n a l gene product, muscle s t r u c t u r e i s d i s o r g a n i z e d t o the 

e x t e n t t h a t embryonic death occurs. 

VI. Mutants and Isoform D i v e r s i t y 

G e n e t i c s t u d i e s of unc-52 have d e f i n e d two broad c l a s s e s of 

mutant a l l e l e s based on t h e i r phenotypes and p a t t e r n s of 

complementation (Brenner, 1974, Mackenzie e t al, 1978; Waterston e t 

al, 1980, G i l c h r i s t and Moerman, 1992, R o g a l s k i e t al, 1993, 

W i l l i a m s and Waterston, 1994). One c l a s s c o n t a i n s v i a b l e 

u n c o o r d i n a t e d (Unc) animals w h i l e the other c o n t a i n s embryonic 

l e t h a l animals. The v i a b l e c l a s s of mutants are c h a r a c t e r i z e d by 

t h e i r p a r a l y z e d phenotype which becomes apparent i n l a t e r l a r v a l 

stages (Mackenzie e t al, 1978; G i l c h r i s t & Moerman, 1992). As 

a d u l t s , the mutants a r e completely p a r a l y z e d except f o r some 

movement i n the head r e g i o n . A l l mutants of t h i s c l a s s have p o i n t 

mutations w i t h i n a s m a l l i n t e r v a l c o n t a i n i n g t h r e e adjacent, 

a l t e r n a t i v e l y s p l i c e d exons (exons 16, 17, 18; R o g a l s k i e t al, 

1993, 1995) . Each of these exons encodes a s i n g l e I g repeat 

( R o g a l s k i e t al, 1993). The e f f e c t of these m o l e c u l a r l e s i o n s i s t o 

e l i m i n a t e some of the long UNC-52 isoforms produced i n growing and 

a d u l t animals. 

The second c l a s s of unc-52 a l l e l e s c o n s i s t s of embryonic 

l e t h a l s , a l l o f which share a Pat phenotype ( p a r a l y z e d a r r e s t e d 

e l o n g a t i o n a t t w o - f o l d ; W i l l i a m s & Waterston, 1994) . P r i o r t o the 

r e s u l t s d e s c r i b e d i n t h i s t h e s i s , o n l y two Pat a l l e l e s were 
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i d e n t i f i e d m o l e c u l a r l y , unc-52(st549) and unc-52 (ut111). The utlll 

a l t e r a t i o n r e s u l t s from the i n s e r t i o n of an endogenous t r a n s p o s a b l e 

element ( c a l l e d Tel) i n t o exon 2 and st549 i s a nonsense mu t a t i o n 

l e a d i n g t o a t e r m i n a t i o n codon i n exon 7 ( F i g u r e 4; R o g a l s k i et al, 

1995). Since these exons are expressed i n a l l UNC-52 isoforms, 

these mutations l e a d t o l i t t l e o r no e x p r e s s i o n o f the unc-52 gene 

product. I n utlll homozygous animals, e x c i s i o n of T e l can occur a t 

e i t h e r the DNA o r RNA l e v e l and leads t o weak e x p r e s s i o n of UNC-52 

and a somewhat l a t e r l e t h a l phenotype than what i s observed i n st549 

animals ( R o g a l s k i e t al, 1995). The Pat phenotype of st549 animals 

d e f i n e s the n u l l phenotype of t h i s l o cus s i n c e st549 mutants l a c k 

i m m u n o r e a c t i v i t y t o a n t i b o d i e s t h a t recognize a l l i s o f o r m s o f UNC-52 

(Ro g a l s k i e t al, 1993; G.P. M u l l e n , unpub. r e s u l t s ) . I n a d d i t i o n t o 

st549 and utlll, s i x other Pat a l l e l e s o f t h i s l o c u s have been 

i s o l a t e d (rall2, ra401, st546, st560, st572, st578—see R e s u l t s ) . 

I d e n t i f y i n g the molecular l e s i o n s i n these unc-52 Pat a l l e l e s has 

been a p r i m a r y g o a l of t h i s t h e s i s . 

Determining the l o c a t i o n w i t h i n unc-52 and thus the b i o c h e m i c a l 

b a s i s f o r these mutant phenotypes has been c h a l l e n g i n g because of 

the complex p a t t e r n s of a l t e r n a t i v e s p l i c i n g t h a t g i v e s r i s e t o a 

number of p r o t e i n isoforms of unc-52 ( R o g a l s k i e t al, 1993, 1995; 

Lundquist e t al, 1996). One of the t o o l s a t our d i s p o s a l t o d e f i n e 

the r e g i o n where these a l t e r a t i o n s may l i e i s the v a r i o u s UNC-52-

s p e c i f i c a n t i s e r a . Immunostaining has r e v e a l e d t h a t the d i f f e r e n t 

UNC-52 isofor m s t h a t are produced have d i s t i n c t s p a t i o - t e m p o r a l 

l o c a t i o n s (G.P. M u l l e n and D.G. Moerman, p e r s . comm.). There a r e 

t h r e e groups of unc-52 products based on the presence o r absence of 

domain IV/V ( R o g a l s k i e t a l , 1993; T.R. R o g a l s k i , G.P. M u l l e n and 

D.G. Moerman, unpub. r e s u l t s ) . These i s o f o r m s are 1) a domain I , 
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F i g u r e 4. 

unc-52 gene schematic 

R e p r e s e n t a t i o n of the complete unc-52 gene showing the exon 
(boxes) and i n t r o n (line) s t r u c t u r e as w e l l as the domain 
s t r u c t u r e and 3 p o s s i b l e p r o t e i n p r o d u c t s . The gene c o n t a i n s 37 
exons which span over 25 kb. There a re a t l e a s t 4 a l t e r n a t i v e 
p o l y ( A ) - a d d i t i o n s i t e s ( c o l o r e d b o x e s ) . S e v e r a l exons a r e 
a l t e r n a t i v e l y - s p l i c e d . To date, o n l y d a t a d e m o n s t r a t i n g t h a t 
exons 6, 16, 17 and 18 are i n v o l v e d i n s p l i c i n g e x i s t s . Sequenced 
Pat a l l e l e s i n c l u d i n g the n u l l st549, and the domain IV knockouts, 
st560 and r a l l 2 a r e shown. The l o n g e s t ORF encodes a p r o t e i n of 
a p p r o x i m a t e l y 3 500 r e s i d u e s t h a t can be d i v i d e d i n t o 5 domains 
(Domains I-V) based on homologies ( p r o t e i n m o t i f s a r e as d e s c r i b e d 
i n the t e x t ) . The e p i t o p e s f o r a n t i b o d i e s GMl (green) and MH2/3 
(red) a r e i n d i c a t e d and corr e s p o n d t o sequences i n exon 10 and 
exon 19, r e s p e c t i v e l y . The GMl e p i t o p e i s common t o a l l UNC-52 
is o f o r m s w h i l e MH2/3 r e c o g n i z e s o n l y the l o n g i s o f o r m s c o n t a i n i n g 
Domain IV/V. R e p r e s e n t a t i v e s of both the s h o r t and l o n g i s o f o r m s 
a r e i n d i c a t e d . 
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I I and I I I form; 2) a domain I , I I , I I I and IV form; 3) a domain 

I , I I , I I I , IV and V form. Because the domain V - c o n t a i n i n g 

i s o f o r m has o n l y r e c e n t l y been d i s c o v e r e d , i t i s not i n c l u d e d i n 

t h i s s tudy. R a b b i t p o l y c l o n a l a n t i s e r a was g e n e r a t e d t o r e c o g n i z e 

s p e c i f i c e p i t o p e s of UNC-52 i n o r d e r t o d i s t i n g u i s h the domain I , 

I I , I I I i s o f o r m s from the domain I , I I , I I I , IV i s o f o r m s . We 

r e f e r t o these as the s h o r t and l o n g i s o f o r m s , r e s p e c t i v e l y . As 

i n d i c a t e d , the s h o r t i s o f o r m l a c k s domain IV and i n c l u d e s o n l y the 

f i r s t t h r e e domains: i n embryos t h i s i s o f o r m i s l o c a l i z e d t o the BMs 

u n d e r l y i n g the pharyngeal and anal s p h i n c t e r / d e p r e s s o r muscles (G.P. 

M u l l e n and D.G. Moerman, unpub. r e s u l t s ) . I n c o n t r a s t , domain IV-

c o n t a i n i n g long isoforms a r e not pre s e n t i n the pharyngeal o r the 

a n a l muscles a t any stage of embryogenesis. I n s t e a d , these long 

v a r i a n t s a r e r e s t r i c t e d t o the BMs u n d e r l y i n g the body w a l l muscle 

c e l l s d u r i n g embryonic development (G.P. M u l l e n and D.G. Moerman, 

unpub. r e s u l t s ; see F i g u r e 5 f o r d e t a i l s ) , o n l y l a t e r a r e they co-

expressed i n t i s s u e s along w i t h s h o r t i s o f o r m s ( i . e . pharynx and 

a n a l muscles). I n l a r v a e and a d u l t s , a d d i t i o n a l t i s s u e s accumulate 

long i s o f o r m s of UNC-52. These i n c l u d e the u t e r i n e and v u l v a l 

muscles i n the hermaphrodite; the m y o e p i t h e l i a l sheath o f the gonad; 

and the m a l e - s p e c i f i c muscles i n the male t a i l ( F r a n c i s and 

Waterston, 1991; G.P. M u l l e n , T.M. R o g a l s k i and D.G. Moerman, unpub. 

r e s u l t s ) . R e c e n t l y , the mec-8 gene has been shown t o encode a 

p u t a t i v e RNA-binding p r o t e i n t h a t r e g u l a t e s some of these s p l i c i n g 

events a t unc-52 (Lundquist et al, 1996). The g e n e t i c a n a l y s i s of 

unc-52 and i t s i n t e r a c t i o n w i t h genes such as mec-8 has p r o v i d e d 

i n s i g h t i n t o the importance of t h i s a l t e r n a t i v e - s p l i c i n g f o r 

g e n e r a t i n g i s o f o r m d i v e r s i t y w i t h i n a developmental c o n t e x t . 
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F i g u r e 5. 

Immunofluorescence s t a i n i n g of w i l d - t y p e and mutant embryos w i t h 

a n t i b o d i e s t o UNC-52 and Myosin Heavy C h a i n A 

Pan e l A. W i l d - t y p e embryos d o u b l e - l a b e l e d w i t h GM1, which 
r e c o g n i z e s a r e g i o n common t o a l l unc-52 gene p r o d u c t s , and DM5.6, 
which r e c o g n i z e s the minor b o d y - w a l l muscle myosin (MHC A) . GMl 
i s shown i n green (FITC) and DM5.6 i s shown i n r e d (TRSC) . The 
l e f t p a n e l shows b o t h a n t i b o d i e s s i m u l t a n e o u s l y , w h i l e the middl e 
and r i g h t p a n e l s show GMl and DM5.6 a l o n e . GMl s t a i n s the 
basement membranes u n d e r l y i n g the b o d y - w a l l muscles, as w e l l as 
the pharynx and a n a l s p h i n c t e r / d e p r e s s o r muscles. White arrowhead 
marks the p o s t e r i o r b u l b of the pharynx. 
P a n e l B. st549, the p u t a t i v e n u l l a l l e l e , e l i m i n a t e s a l l GMl 
s t a i n i n g and has s e v e r e l y d i s o r g a n i z e d myosin. 
P a n e l C. st560, a Domain I V - s p e c i f i c l e t h a l a l l e l e , i s a 
premature s t o p t r a n s i t i o n (C --> T) i n exon 13. White arrowhead 
marks the p o s t e r i o r b u l b of the pharynx. S m a l l w h i t e arrow p o i n t s 
t o a n a l s p h i n c t e r muscles. 

Panel D. r a l l 2 , a l e t h a l d e l e t i o n e l i m i n a t i n g 3283 bp of Domain 

IV. White arrowhead marks the p o s t e r i o r b u l b of the pharynx. 

S m a l l w h i t e arrow p o i n t s t o a n a l s p h i n c t e r muscles. 
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Figure 5. Immunofluorescence staining of wild-type and mutants 
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V I I . Model and Strategies 

We s p e c u l a t e t h a t e x t e n s i v e i s o f o r m d i v e r i s t y may r e f l e c t a 

requirement f o r p a r t i c u l a r isoforms needed a t d i f f e r e n t times o r i n 

d i f f e r e n t t i s s u e s . As d e s c r i b e d above, a n t i b o d i e s t o UNC-52 

demonstrate t h a t isoforms a r e d i f f e r e n t i a l l y d i s t r i b u t e d i n space 

and time. Why t h i s i s r e q u i r e d i s not c l e a r , but the d i f f e r e n t 

muscles i n v o l v e d do experience d i f f e r e n t mechanical s t r e s s . Perhaps 

d i f f e r e n t isoforms of UNC-52 have d i f f e r e n t a d h e r i n g p r o p e r t i e s o r 

biome c h a n i c a l s t r e n g t h . Our phenotypic c h a r a c t e r i z a t i o n of the 

l e t h a l c l a s s of mutants (see R e s u l t s ) has l e d us t o s p e c u a l t e t h a t 

domain I V - c o n t a i n i n g isoforms a r e e s s e n t i a l f o r myofilament 

fo r m a t i o n and s t a b i l i t y i n body w a l l muscles. Sequence a n a l y s i s o f 

two of the mutants confirms t h a t the prim a r y d e f e c t i n these animals 

i s t he l o s s of long UNC-52 isoforms w h i l e r e t a i n i n g the s h o r t 

i s o f o r m s (see R e s u l t s f o r f u r t h e r e x p l a n a t i o n of domain V) . This 

c o r r o b o r a t e s the importance o f these long i s o f o r m s i n muscle 

development. Domain IV c o n s i s t s of 14 I g repea t s spread over 16 

exons. Analyses of a l t e r n a t i v e s p l i c i n g o f unc-52 messages has 

shown t h a t much of the d i v e r s i t y i n s p l i c i n g c e n t e r s on a l i m i t e d 

r e g i o n of domain IV (Rogalski e t al, 1995). To attempt t o determine 

the r o l e of t h i s s p l i c i n g , we e x p l o r e d the f o l l o w i n g q u e s t i o n s : Are 

i n d i v i d u a l I gs w i t h i n t h i s group of p a r t i c u l a r importance d u r i n g 

muscle formation, o r do the Igs si m p l y a c t as s t r u c t u r a l spacers t o 

determine the l e n g t h of the p r o t e i n , o r i s there some o t h e r reason 

f o r t h i s l a r g e repeat domain? S t r a t e g i e s were developed t o answer 

these q u e s t i o n s . 

A key o b s e r v a t i o n t h a t bears on the r e l a t i v e importance of I g 

repeat s i n domain IV was made by E r i n G i l c h r i s t i n h e r s t u d i e s of 

i n t r a g e n i c r e v e r t a n t s of unc-52 v i a b l e a l l e l e s ( G i l c h r i s t and 
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Moerman, 1992) . I t was found t h a t e x o n - s k i p p i n g i n the domain IV 

r e g i o n o f exons 15 through 19 c o u l d l e a d t o s u p p r e s s i o n of 

mutations, w i t h i n t h i s r e g i o n ( G i l c h r i s t and Moerman, 1992; R o g a l s k i 

e t a l , 1995) . A l s o i t was determined t h a t an i n t r a g e n i c r e v e r t a n t , 

unc-52(ra38), has a s m a l l d e l e t i o n removing the e q u i v a l e n t of one 

complete exon and i s v i r t u a l l y w i l d - t y p e ( G i l c h r i s t & Moerman, 1992; 

R o g a l s k i e t a l , 1995). These r e s u l t s demonstrate t h a t i n d i v i d u a l I g 

u n i t s from t h i s r e g i o n can be removed w i t h o u t a d v e r s e l y a f f e c t i n g 

muscle. We extended these experiments t o determine whether i n t a c t 

muscle c o u l d be maintained a f t e r the removal of m u l t i p l e I g u n i t s . 

A T e l e x c i s i o n s t r a t e g y was u t i l i z e d t o i s o l a t e s e v e r a l unc-52 

d e l e t i o n r e v e r t a n t s and then a subset of the r e v e r t a n t s w i t h a l t e r e d 

domain IV r e g i o n s were used t o examine the importance of I g copy 

number and s p e c i f i c I g elements f o r UNC-52 f u n c t i o n . The unc-

52 (stl96: :Tel) a l l e l e has a T e l i n s e r t i o n i n exon 18 ( F i g u r e 4) and 

r e v e r t s a t a h i g h frequency i n a mutator background. Upon e x c i s i o n , 

T e l l e a v e s a d o u b l e - s t r a n d break t h a t must be r e p a i r e d . These f r e e 

ends can be immediately r e p a i r e d by the c e l l ' s DNA r e p a i r machinery 

or they may be the t a r g e t of exonuclease a c t i v i t y (Engels e t al, 

1990; G l o o r e t a l , 1991; Moerman et a l , 1991) . A f r e e end may be 

i n v o l v e d i n s t r a n d i n v a s i o n which w i l l p r o v i d e a DNA template f o r 

r e p a i r . Depending on whether r e p a i r i s completed o r i n t e r r u p t e d a t 

some p o i n t the s i t e can be r e t u r n e d t o w i l d type o r may c o n t a i n a 

rearrangement i n the form of a s m a l l d u p l i c a t i o n o r d e f i c i e n c y 

(Engels e t a l , 1990; G l o o r e t a l , 1991; Moerman e t a l , 1991; t h i s 

p r o c e s s i s diagrammed i n F i g u r e 6) . From an a n a l y s i s o f s e v e r a l 

unc-52 d e l e t i o n r e v e r t a n t s , i t was determined t h a t as many as four 

c o n s e c u t i v e I g repeats can be removed w i t h o u t any adverse e f f e c t on 

muscle development i n t h i s organism. This suggests t h a t a f t e r a 
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F i g u r e 6. 

T e l e x c i s i o n can c r e a t e n o v e l i n s e r t i o n / d e l e t i o n 

m utations i n a gene 

I n a mutator background, the T e l element i n unc-52 (stl96:: Tel) can 
e x c i s e from i t s i n s e r t i o n s i t e , a t a r e l a t i v e l y h i g h frequency, 
c r e a t i n g d o u b l e - s t r a n d gaps. D u r i n g the r e p a i r p r o c e s s , a d d i t i o n s 
o r d e l e t i o n s of DNA can occur. 
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Figure 6. 

Tel excision scheme 
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c e r t a i n minimal number, I g copy number i s not o f pr i m a r y importance 

and t h a t I g repe a t s w i t h i n the exon 16-18 i n t e r v a l a r e non

e s s e n t i a l . 

V I I I . Goals and Summary 

The g o a l of t h i s t h e s i s has been t o examine i n more d e t a i l t he 

r o l e o f domain IV of p e r l e c a n i n myofilament assembly and muscle 

attachment. This has been pursued through a combination o f 

molecu l a r and g e n e t i c techniques. S p e c i f i c q u e s t i o n s t o be 

addressed i n c l u d e , 1) I s domain IV c r i t i c a l f o r body w a l l muscle 

development? 2) Are c e r t a i n I g u n i t s more c r i t i c a l than o t h e r s ? 

and 3) I s o v e r a l l l e n g t h of domain IV a c r u c i a l f a c t o r ? These 

q u e s t i o n s a r e addressed by the a n a l y s i s of s e v e r a l m u t a t i o n s 

w i t h i n the unc-52 l o c u s t h a t have s p e c i f i c a l t e r a t i o n s . By 

i d e n t i f y i n g two Pat mutations w i t h i n domain IV, the e s s e n t i a l 

importance of long isoforms o f t h i s p r o t e i n f o r body w a l l muscle 

f u n c t i o n has been demonstrated. The v a r i o u s domain IV d e l e t i o n 

r e v e r t a n t s t h a t have been c h a r a c t e r i z e d , i l l u s t r a t e t he i n h e r e n t 

s t r u c t u r a l p l a s t i c i t y of nematode p e r l e c a n and may r e f l e c t t he 

redundancy i n h e r e n t i n a l l l a r g e ECM p r o t e i n s . I n summary, t h i s 

study o f domain IV a l t e r a t i o n s g i v e s f u r t h e r i n s i g h t i n t o the 

mol e c u l a r f u n c t i o n of UNC-52 and t e s t s the hypo t h e s i s t h a t domain IV 

i s e s s e n t i a l d u r i n g embryonic muscle development. 
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MATERIALS & METHODS 

I . Nematode s t r a i n s , maintenance, genetic constructs 

We have f o l l o w e d s t a n d a r d C. elegans g e n e t i c nomenclature 

( H o r v i t z e t al., 1979). Standard l a b o r a t o r y techniques were 

employed f o r the h a n d l i n g of nematode s t o c k s (Brenner, 1974). 

Unless otherwise noted, g e n e t i c experiments were performed a t 20°C. 

The s t o c k s used were the w i l d - t y p e s t r a i n N2; RW6011, unc-52(st546)/ 

mnDp34H; RW6013, unc-52 (st560)/mnDp34H; RW6014, unc-

52 (st572) /mnDp34lI; DM5105, unc-52 (st578)/mnDp34II; DM3102, mut-

4 (st700)I/unc-52 (stl96::Tel)II; TU74 , mec-8 (u74) I; DM4301, mut-

4(st700)I; unc-52 (stl96::Tel)II, DM4411, unc-52(ra511)II; DM4412, 

unc-52 (ra512)'II; DM4413, unc-52 (ra513)II; DM4414, unc-52(ra514)II; 

DM4415, unc-52(ra515)II; DM4416, unc-52(ra516)II; DM4417, unc-

52 (ra517) II; DM4418, unc-52(ra518)II; DM4419, unc-52(ra519)II. Some 

s t r a i n s were p r o v i d e d c o u r t e s y of the CGC. 

I I . PCR a m p l i f i c a t i o n of genomic DNA 

Standard PCR r e a c t i o n s were performed as d e s c r i b e d by B a r s t e a d 

e t al. (1991) w i t h the f o l l o w i n g m o d i f i c a t i o n s . E i t h e r 5-6 embryos 

( i n t he case of l e t h a l s ) o r 2 a d u l t hermaphrodites were p l a c e d i n 3 

|IL of l y s i s b u f f e r (50 mM KC1, 10 mM T r i s (pH 8.0), 2.5 mM MgCl 2, 

0.45% Tween-20, 0.45% NP-40, 60 |lg/ml P r o t e i n a s e K) i n the l i d o f a 

0.5 ml eppendorf tube w i t h 15 (XL of m i n e r a l o i l . These tubes were 

b r i e f l y spun i n a m i c r o c e n t r i f u g e and then i n c u b a t e d i n a 

thermocycler f o r 30 min. a t 37°C, then 5 min. a t 95°C t o i n a c t i v a t e 

the P r o t e i n a s e K. These l y s a t e s were .then used d i r e c t l y f o r 
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s t a n d a r d PCR (as d e s c r i b e d i n R o g a l s k i et al, 1993, 1995) o r l o n g -

range PCR which d i f f e r s o n l y s l i g h t l y ( N i e l s o n e t al, 1994) . Each 

method i n c l u d e s p e r r e a c t i o n 10 mM dNTPs, 25 pmol forward p r i m e r , 25 

pmol r e v e r s e primer. Long range PCR used 2.5 (IL l o w - s a l t 10X b u f f e r 

(200 mM T r i s - H C l , 100 mM KCl, 100 mM (NH 4) 2S0 4, 20 mM MgS04, 1% T r i t o n 

X-100, 1 mg/mL BSA, Stra t a g e n e ) , and the cor r e s p o n d i n g p r o p r i e t a r y 

TaqPlus Polymerase (Stratagene) i n the amount o f 3-5 u n i t s 

(depending on the s i z e of product b e i n g a m p l i f i e d ) and dH 20 t o 22 | 1 L . 

The s t a n d a r d PCR method i n c l u d e d 25 mM MgCl 2 and 2 .5 (IL s t a n d a r d 10X 

r e a c t i o n b u f f e r , and -2.5 u n i t s Taq Polymerase (Gibco-BRL) . A l l PCR 

mi x t u r e s were a m p l i f i e d i n a Perkin-Elmer-Cetus 480 thermocycler 

u s i n g the f o l l o w i n g c o n d i t i o n s o f 30 sec a t 95°C, 30 sec a t a n n e a l i n g 

temperature (53-57 °C) and 1 t o 5 min. a t p o l y m e r i z a t i o n temperature 

of 72 °C f o r 30 c y c l e s f o l l o w e d by 5 min. a t 72 °C. We were 

s u c c e s s f u l i n g e n e r a t i n g genomic fragments as l a r g e as 5 kb i n s i z e . 

The f o l l o w i n g primer sets were used (Table 1) : 

I I I . PCR sequencing 

The P C R - a m p l i f i e d genomic DNA fragments were d i r e c t l y sequenced 

u s i n g unc-52 primers and the BRL dsDNA C y c l e Sequencing System as 

d e s c r i b e d i n R o g a l s k i e t al. (1993, 1995) . B r i e f l y , sequencing 

r e a c t i o n mixes c o n s i s t e d of 1-2 (XL from PCR-amplif i e d genomic DNA 

r e a c t i o n , 4.5 (XL 10X Taq Sequencing b u f f e r (300 mM T r i s - H C l , 50 mM 

MgCl 2, 300 mM KCl, 0.5% w/v W-l b u f f e r , BRL), 0.5 |0,L Taq 
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P o l y m e r a s e (BRL) , 5 | l L P - e n d - l a b e l e d p r i m e r (1 p m o l ) a n d H 2 0 t o 3 6 

JUL. F o u r 0 . 5 mL e p p e n d o r f t u b e s w e r e l a b e l e d A , C , G , o r T a n d 2 . 0 

flL o f t h e a p p r o p r i a t e t e r m i n a t i o n m i x (2 mM e a c h , BRL) c o n t a i n i n g 

t h e d i d e o x y n u c l e o t i d e s (2 mM e a c h , BRL) a n d 8 \ih o f t h e a b o v e 

s e q u e n c i n g r e a c t i o n w e r e a d d e d t o e a c h t u b e a n d o v e r l a i d w i t h a d r o p 

o f s i l i c o n e o i l . T h e s e q u e n c i n g r e a c t i o n s w e r e p e r f o r m e d i n a 

P e r k i n - E l m e r - C e t u s DNA t h e r m o c y c l e r w i t h t h e f o l l o w i n g c o n d i t i o n s : 

3 0 s e c a t 9 5 ° C , 3 0 s e c a t 5 5 °C, 6 0 s e c a t 7 0 °C f o r 2 0 c y c l e s a n d t h e n 

3 0 s e c a t 9 5 °C a n d 60 s e c a t 7 0 °C f o r 1 0 c y c l e s . A t t h e e n d o f t h e 

3 0 c y c l e s 5 |IL o f s t o p s o l u t i o n (BRL) w a s a d d e d t o e a c h t u b e a n d 

t h e s e r e a c t i o n s w e r e b o i l e d f o r 5 m i n . a n d t h e n p l a c e d o n i c e f o r 5 

m i n . b e f o r e b e i n g l o a d e d o n t o a s t a n d a r d 6% p o l y a c r y l a m i d e 

s e q u e n c i n g g e l . 

IV. I s o l a t i o n of deletion revertants 

T o i s o l a t e T e l e x c i s i o n e v e n t s f r o m unc-52(stl96::Tcl), we 

f i r s t c r o s s e d t h i s a l l e l e i n t o a m u t a t o r b a c k g r o u n d . W i l d - t y p e 

(N2) m a l e s w e r e c r o s s e d t o dpy-5(e61); unc-52(stl96) 

h e r m a p h r o d i t e s . O u t c r o s s m a l e p r o g e n y (dpy-5/+; unc-52/+) w e r e 

t h e n m a t e d t o mut-4(stlOQ) h e r m a p h r o d i t e s . W i l d - t y p e h e r m a p h r o d i t e 

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

s e l f p r o g e n y . P l a t e s w e r e t h e n s c o r e d f o r t h e p r e s e n c e o f b o t h D p y 

a n d U n c p r o g e n y , i n d i c a t i n g t h a t t h e p a r e n t a l g e n o t y p e w a s 

dpy/mut-4; unc-52/+. U n c n o n - D p y p r o g e n y w e r e t h e n p i c k e d s i n g l y 

o n t o n e w p l a t e s a n d a l l o w e d t o s e l f . U n c a n i m a l s t h a t f a i l e d t o 

s e g r e g a t e D p y U n c - 5 2 p r o g e n y w e r e e x p e c t e d t o h a v e t h e g e n o t y p e 
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mut-4(stlOO),-unc-52(stl96::Tcl) . S e v e r a l i n d e p e n d e n t i s o l a t e s w e r e 

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

s p o n t a n e o u s r e v e r s i o n o f t h e U n c p h e n o t y p e . S e v e r a l i n d e p e n d e n t 

l i n e s w e r e e s t a b l i s h e d t h a t r e v e r t e d a t a h i g h f r e q u e n c y (~1 x 1 0 " 

3 ) . T h e s e w e r e m a i n t a i n e d b y p i c k i n g s i n g l e U n c a n i m a l s t o n e w 

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

A n y p l a t e s t h a t f a i l e d t o s e g r e g a t e r e v e r t a n t s w e r e d i s c a r d e d . 

R e v e r t a n t s w e r e i d e n t i f i e d o n t h e b a s i s o f t h e i r i m p r o v e d 

m o v e m e n t a n d l a r g e r b o d y s i z e c o m p a r e d w i t h t h e i r U n c s i b l i n g s . 

R e v e r t a n t s w e r e p i c k e d s i n g l y t o n e w p l a t e s a n d m a i n t a i n e d s e v e r a l 

g e n e r a t i o n s , u n t i l t h e r e v e r t a n t a l l e l e w a s h o m o z y g o u s ( u s u a l l y 4 -

6 g e n e r a t i o n s b e f o r e b e i n g a s s a y e d b y P C R ) . We t h e n u s e d P C R t o 

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

t h e e x o n 1 8 r e g i o n o f unc-52. C a n d i d a t e s t h a t a p p e a r e d t o h a v e a 

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

s e q u e n c i n g . 

V . Lethal deletion revertants 

T o i s o l a t e l e t h a l T e l e x c i s i o n e v e n t s , w i l d - t y p e (N2) m a l e s 

w e r e c r o s s e d t o unc-52(stl96::Tcl) ; mut-4(st700)I h o m o z y g o t e s a n d 

h e t e r o z y g o u s h e r m a p h r o d i t e p r o g e n y w e r e p i c k e d s i n g l y t o n e w 

p l a t e s . T h o s e a n i m a l s t h a t d i d n o t s e g r e g a t e p a r a l y z e d U n c 

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

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

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

m n D p 3 4 ( H e r m a n e t al., 1 9 7 9 ) . 
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V I . Construction of mec-8; unc-52 doubles mutants 

T o c o n s t r u c t mec-8; unc-52 d o u b l e m u t a n t s , s p o n t a n e o u s m a l e s 

w e r e i s o l a t e d f r o m r e v e r t a n t s t o c k p l a t e s a n d u s e d t o e s t a b l i s h 

m a l e s t o c k s . H o m o z y g o u s unc-52 r e v e r t a n t m a l e s w e r e t h e n c r o s s e d 

t o mec-8(u74) h e r m a p h r o d i t e s . S e v e r a l o f t h e r e s u l t i n g d o u b l e 

h e t e r o z y g o u s h e r m a p h r o d i t e s w e r e p l a t e d i n d i v i d u a l l y . F r o m p l a t e s 

t h a t s e g r e g a t e d M e c a n i m a l s , s i n g l e M e c h e r m a p h r o d i t e s w e r e 

t r a n s f e r r e d a n d b r o o d e d . T h e p a r e n t a l h e r m a p h r o d i t e w a s t h e n 

t e s t e d b y P C R f o r t h e d e l e t i o n ( r e v e r t a n t ) a l l e l e o f unc-52. 

S t r a i n s c a r r y i n g a d e l e t i o n a l l e l e w e r e r e t e s t e d u s i n g P C R f o r a 

w i l d - t y p e unc-52 a l l e l e . S t r a i n s t h a t d i d n o t p r o d u c e a w i l d - t y p e 

P C R p r o d u c t w e r e p r e s u m a b l y h o m o z y g o u s f o r t h e d e l e t i o n . 

V I I . D y e - f i l l i n g to s t a i n amphid/phasmid neurons 

T o c o n f i r m t h a t p u t a t i v e mec-8; unc-52(revertant) a n i m a l s 

w e r e h o m o z y g o u s f o r mec-8, we s t a i n e d t h e s e a n i m a l s w i t h t h e 

f l u o r e s c e n t d y e 3 , 3 1 - d i o c t a d e c y l o x a c a r b o c y a n i n e ( D i O ; M o l e c u l a r 

P r o b e s ) t o e v a l u a t e t h e d y e - f i l l i n g d e f e c t s ( D y f p h e n o t y p e ) a s 

d e s c r i b e d b y H e r m a n a n d H e d g e c o c k ( 1 9 9 0 ) . B r i e f l y , w o r m s w e r e 

b a t h e d i n a s o l u t i o n o f 10 m g / m l i n M9 b u f f e r f o r 2 - 3 h o u r s a t 

r o o m t e m p e r a t u r e a n d t h e n t r a n s f e r r e d t o a f r e s h p l a t e f o r a b o u t 1 

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

f l u o r e s c e n c e m i c r o s c o p y ( u s i n g a n e x c i t a t i o n w a v e l e n g t h o f 4 8 8 

nm) . 

V I I I . Immunoflourescenee techniques and microscopy 

I m m u n o f l o u r e s c e n e e s t a i n i n g w a s p e r f o r m e d o n p o p u l a t i o n s o f 

e m b r y o s f r o m N 2 , C B 4 4 4 , RW6013 a n d a d u l t s f r o m N2 a n d D M 4 4 1 5 . T h e 

s p e c i m e n s w e r e f i x e d a n d s t a i n e d u s i n g m e t h o d s p r e v i o u s l y d e s c r i b e d 
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( R o g a l s k i et al., 1 9 9 3 , 1 9 9 5 ) . T h e a n t i b o d i e s u s e d w e r e a r a b b i t 

p o l y c l o n a l a n t i s e r u m t o unc-52, G M l ( M o e r m a n e t al. , 1 9 9 6 ) ; a m o u s e 

m o n o c l o n a l a n t i b o d y t o unc-52, MH3 ( F r a n c i s a n d W a t e r s t o n , 1 9 9 1 ; 

R o g a l s k i e t al. , 1 9 9 3 , 1 9 9 5 ) ; a n d a m o u s e m o n o c l o n a l a n t i b o d y t o 

m y o s i n h e a v y c h a i n A , D M 5 . 6 ( M i l l e r e t al. , 1 9 8 3 ) . T h e s e c o n d a r y 

a n t i b o d i e s , F I T C - l a b e l e d d o n k e y a n t i - r a b b i t F ( a b ' ) 2 a n d T R S C - l a b e l l e d 

d o n k e y a n t i - m o u s e F ( a b ' ) 2 , w e r e p u r c h a s e d f r o m J a c k s o n I m m u n o R e s e a r c h 

L a b o r a t o r i e s , I n c . 

C o n f o c a l i m a g e s w e r e c o l l e c t e d u s i n g t h e MRC 6 0 0 s y s t e m ( B i o -

R a d M i c r o s c i e n c e s D i v i s i o n ) a t t a c h e d t o a N i k o n O p t i p h o t - 2 c o m p o u n d 

m i c r o s c o p e . O p t i c a l s e c t i o n s w e r e t a k e n a t 0 . 2 m i c r o n i n t e r v a l s a n d 

c o m b i n e d u s i n g t h e P R O J E C T ( " m a x i m u m p r o j e c t i o n " ) f u n c t i o n . F o r 

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

a n d a r r a n g e d a n d a n n o t a t e d u s i n g A d o b e P h o t o s h o p 3 . 0 / 4 . 0 . T h e 

c o m p u t e r i m a g e s w e r e p r i n t e d o n a C o d o n i c s N P - 1 6 0 0 p r i n t e r . 

F o r p o l a r i z e d l i g h t m i c r o s c o p y , l i v e w o r m s w e r e v i e w e d 

f o l l o w i n g p r o c e d u r e s d e s c r i b e d b y W a t e r s t o n e t al. ( 1 9 8 0 ) . 
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RESULTS 

I . Domain IV of perlecan is essential for myofilament assembly 

in muscle and for nematode v i a b i l i t y 

T h e U N C - 5 2 / P e r l e c a n - e n c o d i n g g e n e o f C. elegans i s a c o m p l e x 

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

p r o t e i n . T h e s e i s o f o r m s a r e 1) a d o m a i n I, I I a n d I I I f o r m ; 2 ) a 

d o m a i n I, I I , I I I a n d I V f o r m ; 3) a d o m a i n I, I I , I I I , I V a n d V 

f o r m . S i n c e t h e d o m a i n V - c o n t a i n i n g i s o f o r m h a s o n l y r e c e n t l y 

b e e n d i s c o v e r e d , i t i s n o t i n c l u d e d i n t h i s s t u d y . P o l y c l o n a l 

a n t i s e r a s p e c i f i c t o c e r t a i n r e g i o n s o f U N C - 5 2 w e r e g e n e r a t e d t o 

d i s t i n g u i s h t h e d o m a i n I, I I , I I I i s o f o r m s f r o m t h e d o m a i n I, I I , 

I I I , I V i s o f o r m s . We r e f e r t o t h e s e a s t h e s h o r t a n d l o n g 

i s o f o r m s , r e s p e c t i v e l y . D e s p i t e t h e s i z e a n d a p p a r e n t c o m p l e x i t y 

o f t h e unc-52 l o c u s , i t h a s o n l y t w o b r o a d c l a s s e s o f a l l e l e s , a n 

U n c ( u n c o o r d i n a t e d ) c l a s s a n d a l e t h a l c l a s s . A l l m u t a t i o n s t h a t 

l e a d t o U n c a n i m a l s l i e w i t h i n t h e a l t e r n a t i v e l y - s p l i c e d e x o n s 16, 

17 a n d 18 i n d o m a i n I V . P r i o r t o t h i s s t u d y , t h e l o c a t i o n s o f 

o n l y t w o o f t h e m u t a t i o n s t h a t l e a d t o l e t h a l i t y w e r e k n o w n . T h e 

u t l l l a l t e r a t i o n i s t h e r e s u l t o f a T e l i n s e r t i n e x o n 2 a n d st549 

r e s u l t s f r o m a s t o p c o d o n i n e x o n 7 ( R o g a l s k i e t a l , 1993). 

I t w a s d e t e r m i n e d t h a t st549 r e p r e s e n t s t h e n u l l s t a t e o f t h e 

g e n e ( W i l l i a m s a n d W a t e r s t o n , 1994; R o g a l s k i e t a l , 1993). 

S t a i n i n g o f t h i s m u t a n t w i t h , G M l , a p o l y c l o n a l a n t i b o d y t h a t 

r e c o g n i z e s a l l i s o f o r m s o f U N C - 5 2 d e m o n s t r a t e d t h a t t h e r e i s n o 

d e t e c t a b l e a c c u m u l a t i o n o f U N C - 5 2 . T h e G M l a n t i s e r a r e c o g n i z e s 

e p i t o p e s e n c o d e d b y a p o r t i o n o f e x o n s 9 a n d 10 a n d t h u s d e t e c t s 

b o t h s h o r t a n d l o n g i s o f o r m s o f U N C - 5 2 ( M o e r m a n e t al, 1996). O f 

t h e r e m a i n i n g a l l e l e s , ra401 h a s a n i d e n t i c a l p h e n o t y p e a n d s t a i n i n g 
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p a t t e r n w i t h U N C - 5 2 a n t i b o d i e s a s st549. A n o t h e r a l l e l e , st572, i s 

s o m e w h a t s i m i l a r t o u t l l l ( G . P . M u l l e n , K . N o r m a n a n d J . B u s h u n p u b . 

r e s u l t s ) . B o d y w a l l m u s c l e i n a n i m a l s h o m o z y g o u s f o r t h e s e 

m u t a t i o n s s t a i n s w e a k l y w i t h a n t i s e r a t o U N C - 5 2 a n d i t a p p e a r s t h a t 

t h e p r o t e i n i s u n a b l e t o b e t r a n s p o r t e d f r o m m u s c l e s t o t h e B M . T h e 

r e m a i n i n g f o u r a l l e l e s , st546, st560, st578 a n d ral!2, a l l s h a r e t h e 

P a t p h e n o t y p e : h o m o z y g o u s p r o g e n y f r o m t h e s e s t r a i n s h a t c h a n d d i e 

a t t h e t w o - f o l d s t a g e o f d e v e l o p m e n t ( F i g u r e 3 ; T a b l e 2 ) . T h i s 

t e r m i n a l p h e n o t y p e i s i d e n t i c a l t o st549 a n i m a l s , h o w e v e r , t h e s e 

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

a n t i b o d i e s t o U N C - 5 2 . We o b s e r v e d t h a t b o d y w a l l m u s c l e 

i m m u n o r e a c t i v i t y w a s a b s e n t i n t h e s e m u t a n t e m b r y o s , b u t t h a t o t h e r 

t i s s u e s i n c l u d i n g t h e p h a r y n x a n d a n a l s p h i n c t e r / r e t r a c t o r m u s c l e s 

e x h i b i t a w i l d - t y p e s t a i n i n g p a t t e r n ( G . P . M u l l e n , P . R a h m a n i , J . 

B u s h , u n p u b . r e s u l t s ) . T h e p r e s e n c e o f i m m u n o r e a c t i v e m a t e r i a l i n 

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

st546, st560, st578 a n d ral!2 a n i m a l s i n d i c a t e s t h a t t h e s e m u t a n t s 

d o n o t h a v e a n a l t e r a t i o n i n a r e g i o n o f t h e g e n e c o m m o n t o a l l 

U N C - 5 2 i s o f o r m s ( i . e . n o t i n a n y o f t h e f i r s t 3 d o m a i n s ) . T h e 

f o u r m u t a n t s t r a i n s w e r e a l s o e x a m i n e d w i t h , M H 3 , a m o n o c l o n a l 

a n t i b o d y t h a t r e c o g n i z e s a n e p i t o p e e n c o d e d b y e x o n 19 i n d o m a i n 

I V ( F r a n c i s a n d W a t e r s t o n , 1 9 9 1 ; R o g a l s k i et al, 1 9 9 3 , 1 9 9 5 ) . 

T h i s a n t i b o d y d e t e c t s a l l l o n g i s o f o r m s o f U N C - 5 2 . N o n e o f t h e s e 

f o u r s t r a i n s c o n t a i n e d a n y r e a c t i v e m a t e r i a l t o MH3 ( G . P . M u l l e n , 

u n p u b . r e s u l t s ) . T h i s o b s e r a v t i o n i s c o n s i s t e n t w i t h t h e l a c k o f 

s t a i n i n g i n st549 n u l l e m b r y o s . A p o s s i b l e i n t e r p r e t a t i o n o f 

t h e s e r e s u l t s i s t h a t t h e a n t i b o d i e s a n d m u t a n t s a l l o w u s t o 
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d i s c e r n t h e d i f f e r e n t i a l e x p r e s s i o n o f t h e s h o r t a n d l o n g i s o f o r m s 

o f U N C - 5 2 w i t h i n t h e d e v e l o p i n g e m b r y o ; s h o r t f o r m s a r e p r e s e n t i n 

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

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

I n t h e a b o v e e x p e r i m e n t s , m u t a n t e m b r y o s w e r e c o - s t a i n e d w i t h 

t h e m A b , D M 5 . 6 , w h i c h r e c o g n i z e s t h e m i n o r b o d y w a l l m u s c l e 

m y o s i n , MHC A ( M i l l e r e t a l , 1 9 8 3 ; G . P . M u l l e n , p e r s . c o m m . ) . 

D M 5 . 6 a l l o w s t h e v i s u a l i z a t i o n o f t h e m y o f i l a m e n t s i n t h e b o d y 

w a l l m u s c l e s . W i t h i n t h e b o d y w a l l m u s c l e s o f t h e f o u r l e t h a l 

m u t a n t s st546, st560, st578 a n d r a l l 2 , m y o s i n i s n o t o r g a n i z e d 

i n t o o r d e r e d A - b a n d s b u t i n s t e a d f o r m s l a r g e a g g r e g a t e s ( s e e 

F i g u r e 5 , p a n e l s C a n d D) . A n i m p o r t a n t i m p l i c a t i o n o f t h e s e 

o b s e r v a t i o n s i s t h a t a l o n g f o r m o f U N C - 5 2 ( c o n t a i n i n g d o m a i n I V ) 

i s n e c e s s a r y f o r m y o f i l a m e n t l a t t i c e f o r m a t i o n a n d / o r m a i n t e n a n c e 

i n b o d y w a l l m u s c l e o f C. elegans. 

T h e a b o v e m o d e l s u g g e s t e d a d i f f e r e n t i a l d i s t r i b u t i o n o f 

s h o r t a n d l o n g U N C - 5 2 i s o f o r m s . T h e c o r o l l a r y t h a t l o n g i s o f o r m s 

a r e e s s e n t i a l f o r m y o f i l a m e n t o r g a n i z a t i o n w o u l d b e l a r g e l y 

c o n f i r m e d i f we c o u l d f i n d a m u t a t i o n w i t h i n d o m a i n I V i n a n y o n e 

o f st546, st560, st578 o r ra!12. T h e p h e n o t y p i c c h a r a c t e r i z a t i o n 

o f t h e s e m u t a n t s u s i n g a n t i b o d i e s , a s d e s c r i b e d b y G . P . M u l l e n , 

l e d u s t o s u s p e c t t h a t a n y s e q u e n c e a l t e r a t i o n s i n unc-52 s h o u l d 

l a y d o w n s t r e a m ( 3 ' ) o f e x o n 10 b e c a u s e G M l ( e x o n 1 0 ) s h o w s 

i m m u n o r e a c t i v e m a t e r i a l i n t h e s e m u t a n t s b u t MH2 ( e x o n 1 9 ) d o e s 

n o t . G e n o m i c DNA w a s P C R - a m p l i f i e d f r o m st546, st560, st578 a n d 

r a l l 2 h o m o z y g o u s P a t e m b r y o s i n t h e r e g i o n d o w n s t r e a m o f e x o n 10 

a n d u p s t r e a m o f e x o n 1 9 ( s e e T a b l e 1 f o r a m p l i f i c a t i o n p r o d u c t s ) . 

W h i l e t h e m u t a t i o n s i n st546 o r st578 c o u l d n o t b e f o u n d i n t h i s 

r e g i o n ( s e e A p p e n d i x f o r d e t a i l s ) , t h e n u c l e o t i d e a l t e r a t i o n s i n 
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st560 a n d r a l l 2 w e r e d e t e r m i n e d . T h e unc-52(st560) m u t a t i o n i s a 

C t o T t r a n s i t i o n a t n u c l e o t i d e 8 9 8 9 i n e x o n 13 c h a n g i n g a 

g l u t a m i n e r e s i d u e ( C A A ) t o a n o c h r e s t o p c o d o n ( T A A ) ( T a b l e 2 ; 

F i g u r e 4 ) . A t t h e p r o t e i n l e v e l , t h i s m e a n s t h a t unc-52 g e n e 

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

r e p e a t o f d o m a i n I V . T h e i m m u n o f l u o r e s c e n c e o b s e r v a t i o n s u s i n g 

t h e a n t i b o d y G M l s h o w t h a t U N C - 5 2 r e a c t i v i t y i s p r e s e n t i n t h e B M 

o v e r l y i n g t h e p h a r y n x a n d a n a l s p h i n c t e r / d e p r e s s o r m u s c l e s i n t h i s 

m u t a n t , b u t o n l y r e s i d u a l U N C - 5 2 s t a i n i n g i s o b s e r v e d o v e r t h e 

b o d y w a l l m u s c l e s ( F i g u r e 5 , p a n e l C ) . T h i s r e s i d u a l s t a i n i n g 

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

l o w l e v e l o f e x p r e s s i o n o f t h e s h o r t U N C - 5 2 i s o f o r m s f r o m t h e 

b o d y - w a l l m u s c l e s . W h i l e we f a v o r t h e f o r m e r p o s s i b i l i t y , we 

c a n n o t d i s t i n g u i s h b e t w e e n t h e s e t w o p o s s i b i l i t i e s a t t h i s t i m e . 

W h a t i s c l e a r i s t h a t w i t h o u t a l o n g i s o f o r m o f U N C - 5 2 , b o d y w a l l 

m u s c l e i s s e v e r e l y d i s o r g a n i z e d a n d l a c k s a l l m y o f i l a m e n t 

o r g a n i z a t i o n ( F i g u r e 5 , c o m p a r e t o w i l d - t y p e ) . 

T h e r a l l 2 a l l e l e w a s i n i t i a l l y i s o l a t e d u s i n g a d i f f e r e n t 

a p p r o a c h t h a n t h a t u s e d t o i d e n t i f y t h e o t h e r P a t a l l e l e s . 

T r a n s p o s o n s i n s e r t e d w i t h i n g e n e s h a v e p r e v i o u s l y b e e n u s e d 

s u c c e s s f u l l y t o i s o l a t e r e a r r a n g e m e n t s o f t h e g e n o m e i n C . elegans 

( K i f f e t a l , 1 9 8 8 ; M o e r m a n e t a l , 1 9 9 1 ) . A s m a l l - s c a l e r e v e r s i o n 

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

52 m u t a t i o n s r e s u l t i n g a f t e r t r a n s p o s o n e x c i s i o n a n d i m p r e c i s e 

r e p a i r e v e n t s i n d o m a i n I V ( E n g e l s e t al, 1 9 9 0 ; G l o o r e t al, 1 9 9 1 ; 

M o e r m a n e t a l , 1 9 9 1 ) . We t o o k a d v a n t a g e o f t h e p a r a l y z e d T e l 

a l l e l e unc—52(stl96::Tcl) T h i s s t r a i n i s i d e a l s i n c e t h e T e l 

m u t a t i o n i n stl96 i s w i t h i n e x o n 1 8 w h i c h i s o n e o f t h e 

a l t e r n a t i v e l y s p l i c e d e x o n s w i t h i n d o m a i n I V . F r o m a p p r o x i m a t e l y 

3 6 



F i g u r e 7. 

D e l e t i o n s r e v e r t a n t s i n domain IV 

R e p r e s e n t a t i o n o f the 10 d e l e t i o n r e v e r t a n t s i n unc-52 and the one 
l e t h a l a l l e l e showing the r e l a t i v e e x t e n t s of the b r e a k p o i n t s . 
M o l e c u l a r l y , the r e v e r t a n t s range i n s i z e from 311 bp t o 1519 bp 
w h i l e the Pat a l l e l e i s an out-of-frame 3283 bp d e l e t i o n . Even 
the l a r g e s t v i a b l e r e v e r t a n t , ra515, which l a c k s 4 I g r e p e a t s from 
the r e g i o n , has a v i r t u a l l y w i l d - t y p e phenotype. The r e d - c o l o u r e d 
d e l e t i o n s are those used i n the c o n s t r u c t i o n of double mutants 
w i t h mec-8 w h i l e the g r e e n - c o l o u r e d d e l e t i o n r e p r e s e n t s the Pat 
a l l e l e . 
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1200 heterozygous +/unc-52(stl96) animals screened, a s i n g l e Pat 

mutant was i d e n t i f i e d (P. Rahmani, J . Bush and G.P. M u l l e n , unpub. 

r e s u l t s ) . We examined P C R - a m p l i f i e d fragments from b o t h w i l d type 

and mutant embryos i n a 5 kb r e g i o n of unc-52 f l a n k i n g the T e l 

i n s e r t i o n s i t e i n exon 18 t o see i f we c o u l d d e t e c t a m o l e c u l a r 

a l t e r a t i o n w i t h i n the l o c u s . One of the a m p l i f i e d fragments from 

r a l l 2 homozygous embryos had a s m a l l e r fragment than what we 

observed i n w i l d type animals (data not shown) , and a f t e r 

sequencing a c r o s s the r e g i o n , i t was determined t h a t t h i s 

a l t e r a t i o n i s a 3283 bp out-of-frame d e l e t i o n (Table 2) . T h i s 

l a r g e d e f i c i e n c y i s w h o l l y c o n t a i n e d w i t h i n the domain IV encoding 

p o r t i o n of unc-52 ( F i g u r e s 4 and 7 ) . The immunostaining r e s u l t s 

demonstrate t h a t the d e f i c i e n c y does not i n t e r f e r e w i t h the 

e x p r e s s i o n of s h o r t i s o f o r m s o f UNC-52, and t o r e i t e r a t e , t h e r e i s 

no o r g a n i z e d myosin. These r e s u l t s a g a i n c o n f i r m t h a t a domain 

I V - c o n t a i n i n g l o n g i s o f o r m of UNC-52 i s r e q u i r e d t o p e r m i t 

myofilament assembly t o occur a t t h i s time d u r i n g embryonic 

development. 

I I . A l t e r n a t i v e l y - s p l i c e d Domain IV immunoglobulin-encoding exons 

are dispensable 

P r e v i o u s s t u d i e s had suggested the h y p o t h e s i s t h a t i n d i v i d u a l 

exons w i t h i n the r e g i o n of a l t e r n a t i v e s p l i c i n g i n domain IV may 

be d i s p e n s a b l e ( G i l c h r i s t and Moerman, 1992; R o g a l s k i e t a l , 

1995) . I n o r d e r t o t e s t t h i s , a s e r i e s of exons were removed from 

t h i s r e g i o n by a g a i n u t i l i z i n g the t r a n s p o s o n i n s e r t i o n a l l e l e , 

unc-52(stl96::Tel). I n s t e a d of s e l e c t i n g f o r Pat a n i m a l s , as i n 

the s c r e e n t h a t y i e l d e d unc-52(rall2) , we i n s t e a d s e l e c t e d f o r 

i n t r a g e n i c r e v e r t a n t s w i t h v i a b l e phenotypes. We i d e n t i f i e d 
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a p p r o x i m a t e l y 120 independent r e v e r t a n t s which e x h i b i t e d improved 

movement compared w i t h the p a r a l y z e d p a r e n t a l s t r a i n ( J . Bush and 

G.P. M u l l e n , unpub. r e s u l t s ) . U s i n g PCR p r i m e r s t h a t f l a n k an 

a p p r o x i m a t e l y 2.6 kb r e g i o n which encompasses the a l t e r n a t i v e l y -

s p l i c e d exons, f o u r t e e n w i l d - t y p e l o o k i n g s t r a i n s showed c l e a r DNA 

a l t e r a t i o n s (see Table 3 ) . Upon sequencing, i t was determined 

t h a t f o u r of the f o u r t e e n r e v e r t a n t s have s m a l l i n s e r t i o n s (from 3 

to 30 bp) , one has a s m a l l 9 bp in-frame d e l e t i o n , w h i l e the 

rem a i n i n g 9 r e v e r t a n t s c o n t a i n d e l e t i o n s removing up t o s e v e r a l 

hundred b a s e p a i r s (Table 3 ) . These l a t t e r n i n e were o f p a r t i c u l a r 

i n t e r e s t because these s t r a i n s a l l e x h i b i t n e a r l y w i l d - t y p e muscle 

s t r u c t u r e and movement. The o n l y o b s e r v a b l e phenotype appears t o 

be a minor f r a g i l i t y of the muscle. R e v e r t a n t worms do not appear 

to be as ro b u s t as w i l d - t y p e animals when, b e i n g t r a n s f e r r e d 

between p l a t e s and o c c a s i o n a l l y seem t o be more s u s c e p t i b l e t o 

mech a n i c a l d i s r u p t i o n of t h e i r body w a l l muscles. T h i s i s 

observed as i n d i v i d u a l worms b e i n g s l u g g i s h o r u n c o o r d i n a t e d i n 

movement o n l y a f t e r b e i n g t r a n s f e r r e d . 

An a n a l y s i s of the DNA b r e a k p o i n t s i n the r e v e r t a n t s shows 

some i n t e r e s t i n g f e a t u r e s . The most prominent c h a r a c t e r i s t i c of 

the rearrangements i s the c l o s e p r o x i m i t y of s i x of the d e l e t i o n 

e n d p o i n t s t o the T e l i n s e r t i o n s i t e ( F i g u r e 8) . The a l l e l e s 

ra.512, ra513, ra515, ra516, ra517, and ra519 a l l have a r i g h t 

b r e a k p o i n t w i t h i n 12 bp of the o r i g i n a l T e l i n s e r t i o n d i n u c l e o t i d e 

(TA) , w h i l e the l e f t b r e a k p o i n t s appear more random i n t h e i r 

d i s t r i b u t i o n . T h i s may be a p r o p e r t y of t r a n s p o s i t i o n o r the DNA 

r e p a i r mechanism i t s e l f . Our s e l e c t i o n f o r v i a b l e r e v e r t a n t s may 

a l s o impose some r e s t r a i n t s on the d e l e t i o n b r e a k p o i n t s . The 

sequences e i t h e r s i d e of the b r e a k p o i n t s i n these d e l e t i o n s do not 
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Table 3. 

R e v e r t a n t s o b t a i n e d from T e l e x c i s i o n s c r e e n 

A l l e l e R e a r r a n g e m e n t 

D M 4 3 0 5 * 30 bp insertion 
D M 4 3 1 0 * 24 bp insertion 

unc-52(ra507) 12 bp insertion 
D M 4 3 1 3 * 3bp insertion 

unc-52(ra506)* 9 bp delet ion 
unc-52(ra511) 566 bp delet ion 
unc-52(ra512) 1206 bp delet ion 
unc-52(ra513) 1293 bp delet ion 
unc-52(ra514) 1457 bp delet ion 
unc-52(ra515) 1519 bp delet ion 
unc-52(ra516) 982 bp delet ion 
unc-52(ra517) 1359 bp delet ion 
unc-52(ra518) 1205 bp delet ion 
unc-52(ra519) 1185 bp delet ion 
unc-52(ra112) 3283 bp delet ion 

* denotes s t r a i n s t h a t were s u b s e q u e n t l y l o s t . 
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F i g u r e 8. 

D e l e t i o n b r e a k p o i n t s 

(Top l i n e ) P a r t i a l exon 18 sequence i n d i c a t i n g the TA d i n u c l e o t i d e 

(shown i n o u t l i n e ) i n s e r t i o n s i t e f o r T e l and some of i t s 

s u r r o u n d i n g sequence. The a l l e l e s show t h e i r a s s o c i a t e d d e l e t i o n 

b r e a k p o i n t s denoted as a s l a s h ( / ) . N o t i c e the c l o s e p r o x i m i t y of 

the r i g h t - h a n d endpoints of ra512, ra513, ra515, ra516, ra517 and 

ra519 (boxed n u c l e o t i d e s ) t o the T e l s i t e - - a l l s i x mu t a t i o n s break 

w i t h i n 12 n u c l e o t i d e s of TA. I t a l i c i z e d sequence r e p r e s e n t s the 

' f o o t p r i n t ' r e m a i n i n g a f t e r T e l e x c i s i o n f o l l o w e d by gap r e p a i r of 

the f r e e DNA ends. Ra516 has a 20 n t a d d i t i o n w i t h no 

s i m i l a r i t i e s t o s u r r o u n d i n g sequence so i t p r o b a b l y arose from the 

ends of T e l i t s e l f a c t i n g as template d u r i n g s t r a n d i n v a s i o n . 

Ra518 i s c l e a r l y a d u p l i c a t i o n of one end p o s s i b l y r e s u l t i n g 

through unequal c r o s s - o v e r . A l l o t h e r m u tations have l i k e l y 

o c c u r r e d through p r e c i s e e x c i s i o n . 
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share any obvious sequence s i m i l a r i t i e s so they a re u n l i k e l y t o be 

the r e s u l t of unequal c r o s s i n g over, as was proposed f o r the 

i n t r a g e n i c r e v e r t a n t unc-52(ra38) ( R o g a l s k i e t a l , 1995). Two of 

the r e v e r t a n t s {ra516 and ra518) do c o n t a i n s m a l l rearrangements 

i n a d d i t i o n t o a d e l e t i o n , but these a l t e r a t i o n s s t i l l m a i n t a i n 

the c o r r e c t r e a d i n g frame (see F i g u r e 8 lege n d f o r f u r t h e r 

d e t a i l s ) . The o t h e r seven members of t h i s s e t a l l c o n t a i n p e r f e c t 

in-frame d e l e t i o n s ( r e f e r t o F i g u r e 7 f o r a schematic v i e w of the 

genomic e x t e n t of each d e f i c i e n c y ) . 

These seven domain IV d e l e t i o n s range from 982 bp t o 1519 bp 

and remove between two and f o u r I g r e p e a t s (see Table 2 and F i g u r e 

7) . I n some i n s t a n c e s ( f o r example ra512 and ra514) i t appears 

t h a t ' c h i m e r i c ' exons may r e s u l t i n a h y b r i d I g u n i t ( F i g u r e 9 ) . 

These have the c o r r e c t arrangement and s p a c i n g of conserved 

c y s t e i n e s and s u r r o u n d i n g amino a c i d s b e l i e v e d t o be i m p o r t a n t f o r 

t e r t i a r y f o l d i n g of Igs (see F i g u r e 10 f o r t y p i c a l r i b b o n 

s t r u c t u r e of an NGAM-like Ig) . The c h i m e r i c exons of the o t h e r 

a l l e l e s a r e p r o b a b l y s p l i c e d out of the pre-mRNA as they appear to 

encode o n l y p a r t i a l Igs and these a re l i k e l y n o n - f u n c t i o n a l 

( F i g u r e 9) . Each d e l e t i o n r e v e r t a n t s t r a i n removes a t l e a s t a 

co u p l e of I g r e p e a t s and y e t t h i s does not appear t o have much of 

an e f f e c t on nematode growth, m o t i l i t y , nor on muscle development 

(Table 4 ) . The s t r a i n , unc-52(ra515), c o n t a i n i n g the l o n g e s t 

d e l e t i o n was s t a i n e d w i t h GMl, an a n t i b o d y s p e c i f i c t o UNC-52, and 

DM5.6, an a n t i b o d y s p e c i f i c t o a myosin heavy c h a i n A ( M i l l e r e t 

al, 1983), t o determine the s t a t e of p e r l e c a n and the muscle 

i n t e g r i t y . T h i s mutant e x h i b i t s a c o m p l e t e l y w i l d - t y p e UNC-52 and 

myosin s t a i n i n g p a t t e r n (data not shown) d e s p i t e l a c k i n g a t l e a s t 

f o u r immunoglobulin r e p e a t s from domain IV (exons 15, 16, 17, and 
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Table 4 . 

C h a r a c t e r i z a t i o n of noteworthy r e v e r t a n t s a l o n e and 

i n double homozygous combination w i t h a mec-8 n u l l 

Strain Muscle Movement Amphid Phasmid Co ld -
Structure Staining Staining Sensitivity 

N 2 wt wt 12 4 no 

unc-52(ra507) wt wt 12 4 no 

unc-52(ra511) wt wt 12 4 no 

unc-52(ra515) wt wt 12 4 no 

unc-52(ra516) wt wt 12 4 no 

mec-8(u74) wt var iab le 4-8 1-2 y e s 

mec-8(u74); 
ra507 

mutant pat ? ? ? 

mec-8(u74); 
ra511 

wt s lugg ish 4-8 1-2 y e s 

mec-8(u74); 
ra515 

wt s lugg ish 4-8 1-2 yes 

mec-8(u74); 
ra516 

wt s lugg ish 4-8 1-2 yes 

Note: Not a l l d a t a f o r unc-52 (ra507) has been determined 
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F i g u r e 9. 

Comparison of normal Igs and p o t e n t i a l h y b r i d s 

f o r c e d through c h i m e r i c exons 

Amino a c i d sequence alignment of s e v e r a l I g u n i t s from domain IV 
and the most conserved r e s i d u e s ( c o l o u r e d b o x e s ) . The two 
c y s t e i n e s ( [C], boxed i n green) are a b s o l u t e l y c onserved as they 
a r e r e q u i r e d f o r the d i s u l p h i d e b r i d g e e s s e n t i a l t o p r o p e r f o l d i n g 
of I g s . Those r e v e r t a n t s t h a t may make a h y b r i d I g u n i t a r e 
shown. The o t h e r a l l e l e s do not have enough sequence a v a i l a b l e t o 
make a n y t h i n g r e s e m b l i n g a f u n c t i o n a l I g . Note the 3 c y s t e i n e s 
p r e s e n t i n ra3 8 and ra507 which may a f f e c t c e r t a i n i s o f o r m s when 
MEC-8 i s removed (see t e x t ) . A l s o , note the l o c a t i o n o f the RGD 
m o t i f (purple) i n I g l 2 encoded by exon 19. 
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1 8 ) , and r e d u c i n g the domain IV number of I g r e p e a t s from f o u r t e e n 

t o t e n . The o t h e r d e l e t i o n r e v e r t a n t a l l e l e s were examined u s i n g 

p o l a r i z e d l i g h t m icroscopy and they too had normal muscle (data 

not shown). These combined r e s u l t s i n d i c a t e t h a t many of the I g 

r e p e a t s i n t h i s r e g i o n of domain IV a r e inde e d d i s p e n s a b l e . 

S i n c e animals appear normal when homozygous f o r one of these 

d e l e t i o n s we attempted t o see i f we c o u l d v a r y the gene dosage and 

d e t e c t a phenotype. unc-52(ra515)/unc-52(st560) and unc-

52 (ra.511) I unc-52 (st560) h e t e r o a l l e l i c c ombinations were 

c o n s t r u c t e d and examined. These animals were i d e n t i c a l i n 

phenotype t o animals homozygous f o r the d e l e t i o n s i n d i c a t i n g t h a t 

a s i n g l e copy of a r e v e r t a n t chromosome i s s u f f i c i e n t f o r 

v i a b i l i t y . 

I I I . Domain IV deletions eliminate the requirement for mec-8-

mediated s p l i c i n g of unc-52 during embryogenesis 

A l t e r n a t i v e s p l i c i n g w i t h i n the domain IV encoding r e g i o n of 

unc-52 t r a n s c r i p t s appears t o be r e g u l a t e d ( R o g a l s k i e t al, 1 9 9 3 , 

1 9 9 5 ; Lundquist e t a l , 1 9 9 6 ) . One component of t h i s r e g u l a t o r y 

system i s a p u t a t i v e RNA b i n d i n g p r o t e i n encoded by the gene mec-8 

(Lundquist e t al, 1 9 9 6 ) . When v i a b l e unc-52 mutations a r e c r o s s e d 

i n t o a mec-8(null) background, the r e s u l t i n g double mutants e x h i b i t 

a s y n t h e t i c l e t h a l phenotype r e m i n i s c e n t of Pat a l l e l e s of unc-52 

(Lundquist and Herman, 1 9 9 4 ) . Two of the s p l i c e c h o i c e s w i t h i n 

domain IV a r e mec-8 dependent: the s p l i c i n g o f exon 1 5 t o 19 and 

exon 16 t o 19 (Lundquist e t a l , 1 9 9 6 ) . A l l other s p l i c e d e c i s i o n s 

occur through mec-8 independent mechanisms ( F i g u r e 1 1 ) . I n mec-

8 ( n u l l ) ; unc-52(viable) embryos s p l i c i n g around exons c o n t a i n i n g 

t r a n s l a t i o n a l stop mutations does not occur and t r a n s l a t i o n i s 
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F i g u r e 10. 

Ribbon diagram of a C2-type immunoglobulin 

(3-sheet s t r u c t u r e of an NCAM subtype of I g showing the seven-
s t r a n d e d t e r t i a r y f o l d i n g . The l o c a t i o n s of the conserved 
c y s t e i n e s a re shown as w e l l as the t y r o s i n e (Y) which i s the 
r e s i d u e t h a t i n c l u d e s the TA d i n u c l e o t i d e f o r T e l i n s e r t i o n . 
(Adapted from Vaughn and Bjorkman, 1996). 
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Figure 10. 
Ribbon diagram of C2-type immunoglobulin 



prematurely t r u n c a t e d d u r i n g embryogenesis (Lundquist e t al, 1996). 

Therefore the s y n t h e t i c l e t h a l phenotype of mec-8(null);unc-

52 (viable) double mutants r e s u l t s from the absence o f f u n c t i o n a l 

UNC-52 iso f o r m s w i t h domain IV, as does the l e t h a l i t y o f unc-

52 (st560) o r unc-52 (rall2) homozygotes. 
We reasoned t h a t i f we c o u l d remove the t a r g e t r e g i o n from 

w i t h i n the unc-52 gene, perhaps i t c o u l d become independent o f any 

requirement f o r MEC-8. To t e s t t h i s h y p o t h e s i s , the f o l l o w i n g 

double mutants were c o n s t r u c t e d w i t h the mec-8 n u l l a l l e l e , mec-

8(u74): mec-8 (u7'4);unc-52(ra515), because t h i s e l i m i n a t e s a l l of 

the a l t e r n a t i v e l y - s p l i c e d r e g i o n ; mec-8 (u74);unc-52(ra511), s i n c e 

i t removes the s p l i c e j u n c t i o n s f o r exons 18 and 19; and mec-

8(u74);unc-52(ra516), as i t i s the next s m a l l e s t d e l e t i o n removing 

exons 17 and 18. I t was observed t h a t these combinations a r e not 

s y n t h e t i c l e t h a l and are v i r t u a l l y w i l d - t y p e i n phenotype (Table 

4) . These worms are somewhat s l u g g i s h , but t h i s i s a l s o observed 

w i t h mec-8 homozygotes. To c o n f i r m t h a t these animals were 

homozygous f o r mec-8, they were examined f o r the d y e - f i l l i n g (Dyf) 

d e f e c t s i n the amphid/phasmid neurons which a r e observed i n mec-8 

mutants (see M a t e r i a l s & Methods). T h i s i s s i m p l y a d i a g n o s t i c 

t o o l i n d i c a t i v e of the Mec phenotype. The reduced number of 

amphid and phasmid c e l l b o d i e s t h a t s t a i n e d c o n f i r m e d t h a t these 

animals were homozygous f o r the mec-8 m u t a t i o n (Table 4) . These 

o b s e r v a t i o n s demonstrate t h a t by e l i m i n a t i o n of the unc-52 

s u b s t r a t e r e g i o n (exons 15 to 18), we can remove any dependence on 

MEC-8 f u n c t i o n a t t h i s l o c u s . 

Another phenotype a s s o c i a t e d w i t h mec-8 mutants i s an 

embryonic and e a r l y l a r v a l c o l d - s e n s i t i v e l e t h a l i t y . A t 15°C, n u l l 

mutants of mec-8 e x h i b i t an a p p r o x i m a t e l y 3 0% m o r t a l i t y r a t e 
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( L u n d q u i s t and Herman, 1994) . S i n c e t h i s l e t h a l i t y may be due t o 

a problem i n muscle attachment, we were i n t e r e s t e d i n examining 

the double mutant t o see i f unc-52 might be i m p l i c a t e d i n t h i s 

phenotype. I f a b o r t e d unc-52 s p l i c i n g caused the c o l d s e n s i t i v e 

l e t h a l i t y , then a mec-8(null);unc-52(deletion-revertant) double 

mutant s h o u l d no l o n g e r have any c o l d - s e n s i t i v e l e t h a l i t y . 

However, the double mutants a r e a l l c o l d s e n s i t i v e (Table 4) which 

suggests t h a t MEC-8 has y e t another t a r g e t b e s i d e s unc-52 t h a t i s 

im p o r t a n t f o r muscle attachment. 
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F i g u r e 11. 

P o t e n t i a l s p l i c e c h o i c e s o c c u r i n g i n the 

a l t e r n a t i v e l y - s p l i c e d r e g i o n 

The mec-8-dependent and independent s p l i c e s determined through 
cDNA and RT-PCR d a t a i n w i l d - t y p e worms ( R o g a l s k i et al 1993, 1995; 
L u n d q u i s t e t al, 1996). mec-8-dependent s p l i c i n g i s e l i m i n a t e d i n 
a l l r e v e r t a n t s except ra38, ra516, ra518 and ra519. The exon 15-
19 s p l i c e i s p r e s e n t i n a l l f o u r of these mutants but exon 16-19 
i s o n l y p r e s e n t i n ra38. S u r p r i s i n g l y , ra516, ra518 and ra519 a r e 
not l e t h a l when MEC-8 i s absent u n l i k e ra38 which i s l e t h a l . 
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Figure 11. 
Potential splice choices in unc-52 
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DISCUSSION 

The unc-52 gene encodes a l a r g e m u l t i - d o m a i n p r o t e i n found i n 

the BMs u n d e r l y i n g the muscle t i s s u e s of the nematode C. elegans 

( R o g a l s k i e t al, 1993) and i s r e q u i r e d f o r the p r o p e r i n i t i a t i o n 

of myofilament assembly. T h i s i s a complex l o c u s t h a t undergoes 

e x t e n s i v e t r a n s c r i p t i o n a l r e g u l a t i o n ( R o g a l s k i e t al, 1993, 1995; 

L u n d q u i s t e t al, 1996). Much of t h i s r e g u l a t i o n o c c u r s by 

a l t e r n a t i v e - s p l i c i n g of exons w i t h i n the domain IV-encoding 

p o r t i o n of the gene and t h i s l e a d s t o s e v e r a l d i s t i n c t l o n g 

i s o f o r m s of the p r o t e i n . S e v e r a l exons of domain IV encode a 

s i n g l e immunoglobulin u n i t , e x c e p t i o n s are exons 14 and 19 which 

encode more than one I g , and exons 24 and 25 which t o g e t h e r form a 

s i n g l e I g u n i t . The c o m b i n a t o r i a l n a t u r e of the I g u n i t s may be 

dependent on the type of i s o f o r m r e q u i r e d d u r i n g development. 

E x p r e s s i o n of unc-52 v a r i e s over time and space ( R o g a l s k i e t al, 

1995; G. P. M u l l e n , unpub. r e s u l t s ) . Two groups of i s o f o r m s are 

produced based on the presence o r absence of domain IV. Short 

v a r i a n t s l a c k domain IV w h i l e l o n g forms c o n t a i n t h i s domain. The 

l o n g i s o f o r m s are s p e c i f i c a l l y l o c a l i z e d t o the BMs of the body-

w a l l muscles d u r i n g embryogenesis. The p r i m a r y g o a l of t h i s 

t h e s i s has been t o determine the importance of domain IV f o r 

p e r l e c a n f u n c t i o n and muscle development. The s p e c i f i c q u e s t i o n s 

t h a t have been addressed i n c l u d e , 1) I s domain IV c r i t i c a l f o r 

body w a l l muscle development? 2) Are c e r t a i n I g u n i t s more 

c r i t i c a l than o t h e r s ? and 3) I s o v e r a l l l e n g t h o f domain IV a 

c r u c i a l f a c t o r ? To address these q u e s t i o n s , s e v e r a l m u t a t i o n s 

w i t h i n the unc-52 l o c u s t h a t possess s p e c i f i c a l t e r a t i o n s have 
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been a n a l y z e d . A comparison o f the l o c a t i o n of these l e s i o n s w i t h 

the phenotypes of animals homozygous f o r these m u t a t i o n s l e a d s us 

to a f u l l e r a p p r e c i a t i o n of the c o m p l e x i t y of unc-52 and a g r e a t e r 

u n d e r s t a n d i n g of the f u n c t i o n of t h i s complex gene d u r i n g muscle 

development. 

I . Domain IV i s essential for UNC-52 function during embryogenesis 

The i d e n t i f i c a t i o n and c h a r a c t e r i z a t i o n of mut a t i o n s w i t h i n 

the unc-52 gene demonstrate t h a t UNC-52 i s an im p o r t a n t and 

e s s e n t i a l component f o r myofilament assembly w i t h i n muscle c e l l s 

and f o r muscle growth i n C. elegans (Brenner, 1974; Mackenzie e t 

al, 1978; Waterston e t al, 1980; G i l c h r i s t and Moerman, 1992; 

R o g a l s k i e t al, 1993, 1995; Hresko e t al, 1994; W i l l i a m s and 

Waterston, 1994) . The o b s e r v a t i o n t h a t st549 i s a n u l l a l l e l e and 

t h a t i t l e a d s t o the l o s s of bo t h s h o r t and l o n g i s o f o r m s of UNC-

52 l e d t o the s p e c u l a t i o n t h a t l e t h a l i t y r e s u l t s when animals have 

no UNC-52 i s o f o r m s ( R o g a l s k i e t al, 1993) . The t r u e cause of 

embryonic l e t h a l i t y i s more c o m p l i c a t e d and more s u b t l e than t h i s 

s i m p l e e x p l a n a t i o n . A n t i b o d i e s t o d i f f e r e n t r e g i o n s of UNC-52 

r e v e a l t h a t l o n g and s h o r t i s o f o r m s of t h i s p r o t e i n have d i f f e r e n t 

c e l l u l a r d i s t r i b u t i o n s d u r i n g morphogenesis i n the d e v e l o p i n g 

embryo. Long i s o f o r m s appear t o be the predominant p r o d u c t from 

d e v e l o p i n g body w a l l muscle c e l l s w h i l e s h o r t i s o f o r m s a r e the 

major p r o d u c t from o t h e r muscle t i s s u e d u r i n g l a t e embryogenesis 

(G.P. M u l l e n and D.G. Moerman, unpub. r e s u l t s ) . A l t h o u g h 

st549 (null) animals l a c k b o t h types of i s o f o r m s and do not have 

any UNC-52 p r o t e i n ( R o g a l s k i e t al, 1993) , o t h e r Pat a l l e l e s l i k e 

st560 and r a l l 2 l a c k o n l y the body w a l l - s p e c i f i c l o n g i s o f o r m s . 

What these t h r e e mutations have i n common i s t h a t they a l l l e a d t o 
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d i s o r g a n i z a t i o n of the myofilament a r r a y w i t h i n body w a l l muscle 

( F i g u r e 5, pa n e l s B, C, D) and thus p a r a l y s i s a t a c r i t i c a l stage 

of development when e l o n g a t i o n of the embryo s h o u l d commence 

( r e f e r t o F i g u r e 3 ) . 

Complete absence of a l l unc-52 gene p r o d u c t s i s t h e r e f o r e not 

r e s p o n s i b l e f o r the l e t h a l i t y . Rather, i t i s the l a c k of a 

complete domain I V - c o n t a i n i n g body w a l l m u s c l e - s p e c i f i c i s o f o r m 

t h a t l e a d s t o embryonic l e t h a l i t y . The l e t h a l i t y r e s u l t s i n a 

l a c k of body w a l l muscle f u n c t i o n which i s a d i r e c t r e s u l t of a 

f a i l u r e t o i n i t i a t e p r o p e r myofilament assembly ( F r a n c i s and 

Waterston, 1991; W i l l i a m s and Waterston, 1994) . Our model f o r 

unc-52 f u n c t i o n i s founded on our c h a r a c t e r i z a t i o n of the mutant 

phenotypes and the e a r l i e r o b s e r v a t i o n t h a t UNC-52 c o n c e n t r a t e s a t 

the base of dense b o d i e s and M - l i n e s ( F r a n c i s and Waterston, 

1991) . Dense b o d i e s are analogous t o Z - l i n e s i n v e r t e b r a t e s but 

a l s o a c t as the nematode homologue of a v e r t e b r a t e f o c a l a d hesion 

plaque. We b e l i e v e UNC-52 a i d s i n the assembly and a n c h o r i n g of 

the dense b o d i e s as they are formed d u r i n g morphogenesis. Whether 

UNC-52 p l a y s an i n s t r u c t i v e / s i g n a l i n g r o l e o r s i m p l y an attachment 

r o l e i n the assembly of i n t e g r i n complexes and myofilament 

a n c h o r i n g w i t h i n muscle i s s t i l l not c l e a r — a l t h o u g h i t p r o b a b l y 

f u n c t i o n s p r i m a r i l y i n attachment a t l a t e r s t a g e s . Without a 

s t a b l e f o c a l attachment s t r u c t u r e a t the membrane/BM i n t e r f a c e t o 

ac t as an anchor, sarcomere u n i t s w i t h i n muscle c e l l s cannot be 

p r o p e r l y o r g a n i z e d ( B u r r i d g e et a l , 1988; V o l k e t a l , 1990; 

revie w e d i n Moerman and F i r e , 1997) . Many of the Pat mutants 

d e s c r i b e d by W i l l i a m and Waterston (1994) a f f e c t some as p e c t of 

myofilament assembly o r a n c h o r i n g a t t h i s c r i t i c a l s t age of muscle 

development and morphogenesis. 
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A t an e a r l i e r stage i n t h i s p r o j e c t , our i n t e r p r e t a t i o n of 

these r e s u l t s was t h a t they i n d i c a t e d the e s s e n t i a l n a t u r e of 

domain IV of unc-52. One model we c o n s i d e r e d was t h a t perhaps 

domain IV i n t e r a c t s w i t h the i n t e g r i n complex. New r e s u l t s based 

on f u r t h e r sequencing i n the unc-52 r e g i o n suggests t h a t t h i s i s 

u n l i k e l y . We now r e a l i z e t h a t the unc-52 gene i s even l a r g e r than 

we had p r e v i o u s l y r e a l i z e d ( R o g a l s k i e t al, 1993; see 

I n t r o d u c t i o n ) . We had d e s c r i b e d a gene w i t h f o u r domains and 26 

exons spr e a d over about 15 kb. More r e c e n t l y the genome 

sequencing c o n s o r t i u m has p r o v i d e d us w i t h f u r t h e r sequence 3' of 

what we thought was the terminus of the gene. A n a l y s i s of t h i s 

r e g i o n r e v e a l s another 11 exons and extends the gene another 10 

kb, a p p r o x i m a t e l y (T.M. R o g a l s k i , G.P. M u l l e n and D.G. Moerman, 

per s . comm.) . This new r e g i o n i s s i m i l a r t o domain V o f mammalian 

p e r l e c a n and c o n t a i n s s e v e r a l l a m i n i n - l i k e segments and E G F - l i k e 

r e p e a t s (Noonan e t a l , 1991; K a l l u n k i and Tryggvason, 1992; 

Murdoch e t a l , 1992). The s i g n i f i c a n c e of t h i s f i n d i n g i s two

f o l d . F i r s t , i t i n d i c a t e s t h a t the importance of domain IV 

p r o b a b l y l i e s i n i t s r o l e as a l i n k e r between domain V and the 

r e s t o f the molecule. S i n c e the p r e d i c t e d modular s t r u c t u r e of 

domain IV resembles a r o d (Noonan e t a l , 1991) , i t may be p r e s e n t 

i n a p a s s i v e sense o n l y t o h e l p p o s i t i o n domain V. Second, the 

p o r t i o n of l a m i n i n c o n t a i n e d w i t h i n domain V i s thought t o be 

cap a b l e of i n t e r a c t i n g w i t h i n t e g r i n complexes. T h i s l a m i n i n 

p o r t i o n o f domain V may be the r e a l i n t e r a c t i v e p a r t n e r w i t h c e l l 

s u r f a c e components and t h i s may be the imp o r t a n t d i f f e r e n c e 

between l o n g and s h o r t i s o f o r m s . We are c u r r e n t l y a t t e m p t i n g t o 

o b t a i n t a r g e t e d mutations i n t h i s domain to t e s t t h i s h y p o t h e s i s 

(T. R o g a l s k i , C. Warren, J . C u l o t t i and D. Moerman, p e r s . comm.). 
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I I . E f f e c t s of removing a l t e r n a t i v e l y s p l i c e d exon of unc-52 

Domain IV of unc-52 encodes 14 I g r e p e a t s . T h i s r e p e t i t i v e 

modular s t r u c t u r e i s t y p i c a l of ECM and l a r g e transmembrane 

p r o t e i n s w i t h l a r g e e x t r a c e l l u l a r components (reviewed i n Vaugh 

and Bjorkman, 1996) . I t i s a l s o found i n a few i n t r a c e l l u l a r 

p r o t e i n s , most n o t a b l y l a r g e s t r u c t u r a l muscle components (e.g. 

the t w i t c h i n / t i t i n f a m i l y ; Benian e t a l , 1989; L a b e i t e t a l , 

1992). Long t r a c t s of immunoglobulins w i t h i n p r o t e i n s have been 

proposed t o a c t as r u l e r s t o e s t a b l i s h a p e r i o d i c i t y when b u i l d i n g 

l a r g e r m o l e c u l a r aggregates (reviewed i n T r i n i c k , 1994). To date, 

o n l y one bona f i d e " r u l e r " p r o t e i n has been i d e n t i f i e d . T h i s i s 

the lambda phage p r o t e i n , gpH, (Katsura, 1987) which a c t s t o form 

a s c a f f o l d f o r the f o r m a t i o n of the t a i l r e g i o n of t h i s phage. My 

r e s u l t s showing t h a t up t o f o u r Igs can be e l i m i n a t e d w i t h o u t 

a f f e c t i n g the s p a c i n g o r l e n g t h of myofilament components, o r 

a f f e c t i n g any o t h e r aspect of muscle development, s t r o n g l y 

s u p p o r t s the c o n c l u s i o n t h a t domain IV does not a c t as a r u l e r . 

The r e s u l t s a r e i n agreement w i t h e a r l i e r s t u d i e s t h a t showed t h a t 

i n t r a g e n i c s u p p r e s s i o n of v i a b l e unc-52 mutants o c c u r s v i a exon 

s k i p p i n g , o r by an in-frame d e l e t i o n f u s i n g two a d j a c e n t exons 

( G i l c h r i s t and Moerman, 1992; R o g a l s k i e t al, 1995). These 

combined o b s e r v a t i o n s l e a v e us p u z z l e d about the s i g n i f i c a n c e of 

a l t e r n a t i v e s p l i c i n g of domain IV s i n c e the l a r g e s t of the 

d e l e t i o n r e v e r t a n t s e l i m i n a t e a l l of the a l t e r n a t i v e l y s p l i c e d 

Igs and y e t we see no d e l e t e r i o u s e f f e c t s on the a n i m a l . One 

c o n c l u s i o n t h a t can be d e r i v e d from these o b s e r v a t i o n s i s t h a t 

none of the a l t e r n a t i v e l y s p l i c e d Igs have unique o r e s s e n t i a l 

f u n c t i o n a l r o l e s i n muscle development. 
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Might we have been a b l e t o o b t a i n even l a r g e r d e l e t i o n 

r e v e r t a n t s t h a t e l i m i n a t e even more I g m o t i f s ? I n o t h e r words, 

how s m a l l c o u l d one make domain IV and s t i l l have an i m a l s s u r v i v e ? 

T h i s i s an i n t e r e s t i n g q u e s t i o n but a d i f f i c u l t one t o answer. 

The T e l e x c i s i o n s c r e e n we u t i l i z e d t o o b t a i n these rearrangements 

has s e v e r a l r e s t r i c t i o n s and p o s s i b l e l i m i t a t i o n s . Perhaps the 

most s e r i o u s l i m i t a t i o n was t h a t the s c r e e n was b i a s e d f o r ' those 

g e n e t i c events t h a t produced o n l y b e t t e r moving a n i m a l s . T h i s 

o c c u r r e d w i t h a h i g h frequency (~10~2-10~3) and we were a b l e t o 

a n a l y z e over 120 r e v e r t a n t s , but o n l y a s m a l l p r o p o r t i o n of these 

a c t u a l l y had d e l e t i o n s (Table 2 ) . The m a j o r i t y of r e v e r t a n t s 

p r o b a b l y a rose as a r e s u l t of p r e c i s e e x c i s i o n events a l t h o u g h our 

da t a does not s p e c i f i c a l l y address t h i s p o i n t . The r a t i o of 

rearrangements t o p r e c i s e r e p a i r i s determined by the a b i l i t y of 

the homologues t o p a i r , the s p e c i f i c p r o p e r t i e s of the r e p a i r 

machinery and i n these experiments, our a b i l i t y t o d e t e c t the 

phenotype (see Engels e t al 1990; G l o o r e t al, 1991 f o r d a t a 

p e r t a i n i n g t o the r e p a i r p r o c e s s ) . The ra515 m u t a t i o n a t over 1.5 

kb was the l a r g e s t d e l e t i o n we i s o l a t e d t h a t s t i l l s e g r e g a t e d w i l d 

type a n i m a l s . The 3.2 kb ra!12 d e l e t i o n mutant demonstrates t h a t 

i t i s p o s s i b l e t o o b t a i n l a r g e r d e l e t i o n s a f t e r T e l e x c i s i o n , but 

i n t h i s i n s t a n c e we d i d not demand v i a b i l i t y . 

The d e l e t i o n b r e a k p o i n t s i n the d e l e t i o n r e v e r t a n t s appear t o 

p r e f e r e n t i a l l y extend 5' r a t h e r than 3' from the t r a n s p o s o n 

i n s e r t i o n s i t e ( F i g u r e 7) . While our sample s i z e i s s m a l l , we 

s p e c u l a t e t h a t t h i s i m p l i e s a r e s t r a i n t on m a t e r i a l t h a t can be 

removed 3' of the T e l i n s e r t i o n s i t e and s t i l l m a i n t a i n v i a b i l i t y . 

As mentioned e a r l i e r UNC-52 may i n t e r a c t w i t h i n t e g r i n s on the 

transmembrane s u r f a c e of the muscle c e l l s . I n t e r e s t i n g l y , 600 bp 
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3' o f the T e l i n s e r t i o n s i t e w i t h i n exon 18 t h e r e i s encoded 

w i t h i n exon 19 an RGD (arg-gln-asp) m o t i f , a demonstrated l i g a n d 

f o r i n t e g r i n r e c e p t o r s (Lawler and Hynes, 1989; rev i e w e d i n 

R u o s l a h t i , 1996) . I f one c o n s i d e r s t h a t the average d e l e t i o n s i z e 

i n the r e v e r t a n t s i s over 1200 bp and presuming an equ a l 

d i s t r i b u t i o n around the e x c i s i o n s i t e , then by i n s p e c t i o n , the RGD 

s i t e s h o u l d be removed. S i n c e i t i s not removed by any of the 

v i a b l e d e l e t i o n r e v e r t a n t s , we suggest t h a t t h i s m o t i f o r some 

o t h e r a s p e c t of the r e g i o n 3' t o exon 18 i s c r i t i c a l f o r domain IV 

f u n c t i o n i n UNC-52. We r e c o g n i z e t h a t t h i s i s a d i f f i c u l t p o i n t 

t o s t r e s s because our sample s i z e i s s m a l l . T h i s p o s s i b l e b i a s i n 

e x c i s i o n d i r e c t i o n and the f a c t t h a t we d i d not r e c o v e r any 

d e l e t i o n r e v e r t a n t s t h a t extend beyond the a l t e r n a t i v e l y s p l i c e d 

r e g i o n f u r t h e r suggests t h a t perhaps a s m a l l e r domain IV i s not 

co m p a t i b l e w i t h v i a b i l i t y . 

I I I . Effects of mec-8;unc-52(deletion-revertant) mutants on muscle 

development 

The mec-8 l o c u s produces a p u t a t i v e RNA-binding p r o t e i n which 

has been shown t o promote a l t e r n a t i v e s p l i c i n g of two unc-52 p r e -

mRNA t r a n s c r i p t s , exon 15 - 19 and exon 16 -19 (Lundquist, 1994; 

1996). A c c u m u l a t i o n of o t h e r a l t e r n a t i v e l y - s p l i c e d unc-52 

t r a n s c r i p t s i s mec-8-independent. The MEC-8-dependent unc-52 

s p l i c e p r o d u c t s (15 - 19 and 16 - 19 ) are not a b s o l u t e l y r e q u i r e d 

f o r embryogenesis i n unc-52(+) animals s i n c e mec-8 mutants a re 

ca p a b l e of normal muscle development. However, mec-8(null) and 

unc-52 (paralyzed) double homozygotes e x h i b i t a s y n t h e t i c l e t h a l 

phenotype s i m i l a r t o the Pat a l l e l e s of unc-52 (Lundquist and 

Herman, 1994). L i k e t r u e Pat a l l e l e s , these double mutants produce 
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o n l y t r u n c a t e d UNC-52 isoforms (Lundquist e t al, 1996) . This i s 

because the mutated exon t h a t would n o r m a l l y be s p l i c e d out d u r i n g 

embryogenesis has become the d e f a u l t e x p r e s s i o n p a t t e r n i n these 

embryos. We attempted, through the use of double mutants between 

mec-8 and the d e l e t i o n r e v e r t a n t s of unc-52, t o see i f we c o u l d 

e l i m i n a t e the n e c e s s i t y f o r MEC-8 p r o c e s s i n g of unc-52 

t r a n s c r i p t s . A secondary reason f o r these experiments was t o see 

i f we c o u l d h e l p d e f i n e the t a r g e t r e g i o n w i t h i n unc-52 

t r a n s c r i p t s t h a t MEC-8 a c t s upon. 

Our r e a s o n i n g i n these experiments was t h a t i f MEC-8 o n l y 

i n t e r a c t s w i t h the exon 15 through 19 r e g i o n of unc-52, then by 

removing t h i s r e g i o n we s h o u l d l i b e r a t e unc-52 from any 

requirement f o r MEC-8. We c o n s t r u c t e d t h r e e mec-8; unc-

52 (deletion-revertant) mutants t h a t a re v i a b l e and have w i l d type 

muscle s t r u c t u r e and movement (Table 4) . T h i s i n d i c a t e s t h a t 

i n d e e d the p r o c e s s i n g of unc-52 t r a n s c r i p t s i n these examples i s 

now independent of mec-8 f u n c t i o n ( F i g u r e 11) . I t a l s o f u r t h e r 

c o n f i r m s t h a t t h i s r e g i o n i s p r o b a b l y the o n l y p o r t i o n of unc-52 

t h a t MEC-8 r e g u l a t e s . The phenotype of mec-8 mutants i s complex 

and i n c l u d e s mechanosensory as w e l l as chemosensory d e f e c t s and 

low penetrance c o l d - s e n s i t i v e embryonic a r r e s t ( C h a l f i e and 

S u l s t o n , 1981; P e r k i n s e t al, 1986; Lu n d q u i s t and Herman, 1994). 

T h i s l a t t e r phenotype has been c o r r e l a t e d w i t h d e f e c t s i n the 

attachment of body w a l l muscle t o a d j a c e n t hypodermis and c u t i c l e 

( Lundquist and Herman, 1994). The double mutants s t i l l e x h i b i t 

a l l t h r e e Mec phenotypes i n d i c a t i n g t h a t MEC-8 must have o t h e r 

t a r g e t t r a n s c r i p t s b e s i d e s unc-52. In p a r t i c u l a r , s i n c e these 

double mutants a re s t i l l weakly p e n e t r a n t f o r the c o l d - s e n s i t i v e 

l e t h a l phenotype, MEC-8 must i n t e r a c t w i t h o t h e r t a r g e t genes t h a t 
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a f f e c t muscle attachment. Suppressor screens l o o k i n g f o r resc u e 

of the Mec-8; Unc-52 s y n t h e t i c l e t h a l phenotype have found 

r e v e r t a n t s which map t o two independent l o c i (see Smu mutants i n 

Lu n d q u i s t and Herman, 1994) . More r e c e n t l y , a new l o c u s has been 

d e f i n e d t h a t when mutated forms a s y n t h e t i c l e t h a l w i t h mec-8 but 

not w i t h unc-52 p a r a l y z e d mutants (Bob Herman, p e r s . comm.). 

Not a l l double mutants between mec-8 and unc-52 r e v e r t a n t s 

are v i a b l e ; the mec-8; unc-52(ra38) double mutant i s a s y n t h e t i c 

l e t h a l (B. Herman, p e r s . comm.) as i s mec-8; unc-52(ra507) (Table 

4) . W h i l e we are not c e r t a i n why these two c o n s t r u c t s form 

s y n t h e t i c l e t h a l s , we suspect the c h i m e r i c (ra38) or a l t e r e d 

(ra507) I g formed i n these r e v e r t a n t s may not be c o m p a t i b l e w i t h 

unc-52 f u n c t i o n . S y n t h e t i c l e t h a l mec-8; unc-52(ra38) embryos 

accumulate h i g h l e v e l s of UNC-52 w i t h i n the c e l l , b ut do not 

r e l e a s e any d e t e c t a b l e p r o t e i n t o the ECM (G. M u l l e n unpub. 

r e s u l t s ) . Each of these a l t e r e d Igs c o n t a i n s t h r e e c y s t e i n e s 

( F i g u r e 9) which may be i n c o m p a t i b l e w i t h p r o p e r I g f o l d i n g and 

t h e r e f o r e l e a d t o t h e i r a c c u m u l a t i o n w i t h i n the i n t r a c e l l u l a r 

t r a f f i c k i n g pathway of the c e l l . These o b s e r v a t i o n s i m p l y t h a t 

mec-8 may be a u s e f u l t o o l t o determine whether c h i m e r i c exons of 

unc-52 are f u n c t i o n a l a t the p r o t e i n l e v e l . 

IV. Summary 

A common theme among many e x t r a c e l l u l a r p r o t e i n s , i n c l u d i n g 

p e r l e c a n , l a m i n i n s , and f i b r o n e c t i n i s the i n c o r p o r a t i o n of a 

f i n i t e number of modular domains i n t o l a r g e m u l t i - d o m a i n 

p o l y p e p t i d e s . Over h a l f of the 40 modules which a re t y p i c a l f o r 

e x t r a c e l l u l a r p r o t e i n s have so f a r been d e t e c t e d i n mammalian BMs 

( B a i r o c h , 1995). A s e r i e s of r e p e a t i n g u n i t s based on the I g -
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s u p e r f a m i l y m o t i f i s one such module p o p u l a r w i t h i n e x t r a c e l l u l a r 

m o l e c u l e s . I t has been suggested t h a t s t r i n g s of m u l t i p l e Igs are 

imp o r t a n t f o r h o m o p h i l i c i n t e r a c t i o n s (Ranheim e t al, 1996) and/or 

h e t e r o p h i l i c b i n d i n g (Brummerdorf and Ra t h j e n , 1996) and/or 

s p a c i n g of g l o b u l a r domains a l t h o u g h t h e r e does not appear t o be 

any d i r e c t evidence i n the l i t e r a t u r e s u p p o r t i n g t h i s concept. I t 

has been shown t h a t the a l t e r n a t i v e l y s p l i c e d exons of domain IV 

are not im p o r t a n t f o r any of these f u n c t i o n s . 

A l t e r n a t i v e - s p l i c i n g i s a key mechanism f o r g e n e r a t i n g 

d i f f e r e n t i s o f o r m s of a p r o t e i n . Most r e v i e w s of a l t e r n a t i v e 

s p l i c i n g s t r e s s t h a t the purpose f o r g e n e r a t i n g t h i s s t r u c t u r a l 

d i v e r s i t y i s t o y i e l d f u n c t i o n a l d i v e r s i t y . I t does seem 

r e a s o n a b l e t h a t each i s o f o r m generated through r e g u l a t e d 

a l t e r n a t i v e - s p l i c i n g s h o u l d have a d i s t i n c t f u n c t i o n . An 

e x c e l l e n t example comes from work on the ECM p r o t e i n , a g r i n . 

A g r i n i s a heparan s u l f a t e p r o t e o g l y c a n t h a t induces a g g r e g a t i o n 

of a c e t y l c h o l i n e r e c e p t o r s (AChRs) a t the neuromuscular synapse. 

T h i s a g g r e g a t i n g a c t i v i t y i s modulated by a l t e r n a t i v e s p l i c i n g and 

i n c l u d e s muscle and n e u r a l - s p e c i f i c i s o f o r m s (Hamshere e t al, 

1991) . S t u d i e s have demonstrated t h a t d i f f e r e n t i s o f o r m s have 

d i f f e r e n t b i n d i n g s p e c i f i c i t i e s and t a r g e t s (Stone and N i k o l i c s , 

1995) . We have shown t h a t the d i f f e r e n t i a l d i s t r i b u t i o n o f l o n g 

and s h o r t i s o f o r m s of UNC-52 does have f u n c t i o n a l i m p l i c a t i o n s , 

but t h i s does not appear t o be t r u e f o r the v a r i a n t s w i t h i n domain 

IV. A t t h i s p o i n t we are l e f t w i t h no s a t i s f a c t o r y e x p l a n a t i o n 

f o r the a l t e r n a t i v e - s p l i c i n g w i t h i n domain IV. 

My experiments on mec-8 and unc-52 i n t e r a c t i o n s have f u r t h e r 

e l u c i d a t e d a complex r e g u l a t o r y i n t e r a c t i o n . MEC-8 r e g u l a t i o n of 

unc-52 i s c l e a r l y l i m i t e d t o the exon 15 t o 19 i n t e r v a l and one 
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c o u l d i n t e r p r e t my r e s u l t s t o argue t h a t the MEC-8 b i n d i n g r e g i o n 

l i e s between exon 18 and 19. While t h i s i s i n agreement w i t h 

e a r l i e r s p e c u l a t i o n s ( L u n d q i s t e t al, 1996) o t h e r approaches w i l l 

be n e c e s s a r y t o c o n f i r m t h i s i d e a . Mapping the b i n d i n g s i t e u s i n g 

unc-52 mini-genes tagged w i t h GFP i s i n p r o g r e s s (A. Davies and B. 

Herman, p e r s . comm.). The new d e l e t i o n r e v e r t a n t s t r a i n s c o u l d be 

u s e f u l r e agents f o r these experiments. 

T h i s study has h e l p e d t o f u r t h e r r e s o l v e the m o l e c u l a r 

i n t e r a c t i o n s i n v o l v i n g the unc-52 l o c u s . P a r t i c u l a r l y u s e f u l has 

been the de m o n s t r a t i o n of the e s s e n t i a l importance of domain IV t o 

UNC-52 f u n c t i o n . I f our model t h a t perlecan/UNC-52 a c t s as a 

m o l e c u l a r 'glue' a d h e r i n g muscle c e l l s t o the hypodermis has any 

v a l i d i t y , then my r e s u l t s p o i n t t o the r e g i o n s of the mol e c u l e 

i m p o r t a n t f o r t h i s attachment. U s i n g a combined g e n e t i c and 

m o l e c u l a r approach i t has been shown t h a t i t i s p o s s i b l e t o d e r i v e 

a s i m p l e r f u n c t i o n a l p e r l e c a n v a r i a n t which i t s e l f may be a u s e f u l 

t o o l f o r f u r t h e r g e n e t i c s t u d i e s . 
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APPENDIX 

I attempted t o sequence the m o l e c u l a r l e s i o n s r e s p o n s i b l e f o r 
the o t h e r Pat a l l e l e s . The mutants unc-52(st546) and unc-
52 (st578) b o t h e x h i b i t the same immunostaining p a t t e r n s as unc-
52 (st560) but t h e i r r e s p e c t i v e mutations a r e not i n the i n t e r v a l 
between exons 10 and 16. For completeness sake, t he f o l l o w i n g 
p r i m e r s from the Moerman Lab pr i m e r s t o c k s (sequence a v a i l a b l e ) 
s h o u l d be t r i e d a g a i n on a m p l i f i e d DNA from the r e s p e c t i v e 
s t r a i n s : 

st546 - p27 and p28 o n l y as a l l o t h e r r e g i o n s have been s a t u r a t e d , 

st578 - exon 14 s h o u l d be re-sequenced. 

I f not i n these r e g i o n s , the mutations most l i k e l y o c cur 
downstream of the a l t e r n a t i v e l y - s p l i c e d exons, p o s s i b l y exon 19 or 
even more 3' i n domain V. 

In a d d i t i o n , the m u t a t i o n f o r unc-52(st572) was not d e f i n e d . 
I t e x h i b i t s a unique immunostaining p a t t e r n compared t o the above 
mentioned mutants. U s i n g GMl, t h e r e i s o n l y f a i n t s t a i n i n g of the 
BM over the pharynx s u g g e s t i n g t h a t the m u t a t i o n may be i n exon 10 
s i n c e t h i s exon i s common t o a l l UNC-52 i s o f o r m s . No a l t e r a t i o n s 
were found i n exon 10 or the 3' end of exon 9. Because t h i s 
mutant may be a r e p r e s e n t a t i o n of a missense m u t a t i o n and 
t h e r e f o r e o c c u r r i n g anywhere i n the amino t e r m i n a l r e g i o n , f u r t h e r 
sequencing 5' of exon 9/10 c o u l d i s o l a t e i t . 

A l s o , the o t h e r p o t e n t i a l n u l l m u t a t i o n , unc-52(ra401), was 
p r e d i c t e d t o be i n the i n t e r v a l between exons 6-9 ( s i n c e t h e r e i s 
no UNC-52 i m m u n o r e a c t i v i t y i n t h i s mutant c o n s i s t e n t w i t h st549 
s t a i n i n g which i s i n exon 7) . The f o l l o w i n g n u c l e o t i d e sequences 
around exon 6 and 7 do not c o n t a i n a l t e r a t i o n s 4570-4692, 4910-
5000, 5040-5178, 5570-5725. 
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