
INFORMATION TO USERS

While the most advanced technology has been used to 
photograph and reproduce this manuscript, the quality of 
the reproduction is heavily dependent upon the quality of 
the material submitted. For example:

•  Manuscript pages may have indistinct print. In such 
cases, the best available copy has been filmed.

•  Manuscripts may not always be complete. In such 
cases, a note will indicate that it is not possible to 
obtain missing pages.

•  Copyrighted material may have been removed from 
the manuscript. In such cases, a note will indicate the 
deletion.

Oversize materials (e.g., maps, drawings, and charts) are 
photographed by sectioning the original, beginning at the 
upper left-hand corner and continuing from left to right in 
equal sections with small overlaps. Each oversize page is 
also filmed as one exposure and is available, for an 
additional charge, as a standard 35mm slide or as a 17”x 23” 
black and white photographic print.

Most photographs reproduce acceptably on positive 
microfilm or microfiche but lack the clarity on xerographic 
copies made from the microfilm. For an additional charge, 
35mm slides of 6”x 9” black and white photographic prints 
are available for any photographs or illustrations that 
cannot be reproduced satisfactorily by xerography.





8713787

Quinn, M errigene

FABRY DISEASE: ISOLATION, CLONING, AND SEQUENCE ANALYSES OF 
COMPLEMENTARY DNA AND GENOMIC CLONES ENCODING ALPHA- 
GALACTOSIDASE A

City University of New York Ph.D. 1987

University
Microfilms

International 300 N. Zeeb Road. Ann Arbor, Ml 48106

Copyright 1987

by

Quinn, Merrigene 

All Rights Reserved





PLEASE NOTE:

In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a  check mark V .

1. Glossy photographs or pages t /

2. Colored illustrations, paper or print /

3. Photographs with dark background

4. Illustrations are poor copy______

5. Pages with black marks, not original copy______

6. Print shows through as there Is text on both sides of p a g e _______

7. Indistinct, broken or small print on several pages l /

8. Print exceeds margin requirements______

9. Tightly bound copy with print lost in spine_______

10. Computer printout pages with indistinct print______

11. Page(s)___________ lacking when material received, and not available from school or
author.

12. Page(s)___________ seem to be missing in numbering only as text follows.

13. Two pages num bered . Text follows.

14. Curling and wrinkled pages______

15. Dissertation contains pages with print at a slant, filmed a s  received. y

16. Other______________________________________________________________________

University
Microfilms

International





FABKY DISEASE: ISOLATION* CLONING, AND SEQUENCE ANALYSB8 
OF oDNA AND GENOMIC CLONES ENCODING ALPHA-GALACTOSIDASB A

By

Merrigene Oninn

A d i s s e r t a t i o n  s u b n i t t e d  t o  the  Gradnate  F a c o l t y  
i n  B io a e d ic a l  Sc iences  i n  p a r t i a l  f u l f i l l m e n t  o f  the  
r equ i rem en ts  f o r  the  degree  o f  Doctor  o f  P h i lo s o p h y ,  
The C i t y  U n i v e r s i t y  o f  New York.

1987



ii.

MERRIGENE QUINN 

A l l  Right*  Reserved 

1987



Thi*  a a a u e c r i p t  k i i  b e t a  reed t a d  a c ce p ted  by 
tbe  G redae te  F a e a l t y  i a  B i o a e d lc a l  Science* i a  
a a t i a f a e t i o a  o f  t b e  d i s s e x t a t i o a  r e q u i r e a e a t s  
f o r  tbe  deg ree  o f  Docto r  o f  P b i loa opby .

Date
to

Date

David H. Calhoua ,  Pb.D.
C b a i ra a a  o f  E z a a i a i a g  C o a a i t t e e

 ~
r y  A. K r u l v i c h ,  Ph.D.  __T e r r y  

Execu t ive  O f f i c e r

B e p t r i x  Pogo» j k . X t . J  ~~

i
i t b e r i a e  S q u i re * ,  Pb.D . \  

Jegoae L.  S c M l a a a ,  M.D.

G. V e tau r ,  Pb.D.

Sup e rv ia o ry  C o a a i t t e e

Tbe C i t y  U a i v e r a i t y  o f  New York



A b s t r a c t

FABRY DISEASE: ISOLATION, CLONING. AND SEQUENCE 

ANALYSES OF cDNA AND GENOMIC CLONES ENCODING ALPHA-GALACTOSIDASE A

By

Merrigene Qoinn 

Adv ise r :  David B. Calhoun,  A ss o c ia t e  P r o f e s s o r

Fabry d i s e a s e ,  an I - l i n k e d  e r r o r  o f  g l y c o s p h i n g o l i p i d  m etabo l i sm,  

r e s u l t s  from tbe  d e f i c i e n t  a c t i v i t y  o f  the  lysosomal  h y d r o l a s e ,  

a l p h a - g a l a c t o s i d a s e  A. To i n v e s t i g a t e  t h e  n a t n r e  o f  the  m o le c u la r  

m u ta t io n s  i nvo lve d  w i th  Fabry d i s e a s e  and to  c h a r a c t e r i z e  the  

s t r u c t u r e ,  o r g a n i z a t i o n ,  and e x p re s s io n  of  the  a l p h a - g a l a c t o s i d a s e  A 

lo c u s ,  t h i s  s t u d y  r e p o r t s  the  i s o l a t i o n  o f  cDNA and genomic c lo n e s  

s p e c i f i c  f o r  human a l p h a - g a l a c t o s i d a s e  A. In  a d d i t i o n ,  s i n c e  t h i s  i s  

the f i r s t  genomic c lone  d e s c r i b e d  to  d a t e  f o r  a lysosomal  enzyme, i t  

e s t a b l i s h e s  a r e f e r e n c e  f o r  f u tu r e  a n a l y s e s  o f  the  m o le c u la r  e v e n t s  

t h a t  media te  the  e x p r e s s io n  o f  lysosomal  h y d r o l a s e s .  The human 

a l p h a - g a l a c t o s i d a s e  A cDNA c lone  ( d e s i g n a t e d  XAG18) was i s o l a t e d  from a 

X g t l l  e x p r e s s io n  l i b r a r y  us ing  the  a n t ib o d y  d e t e c t i o n  method.  Phage 

XAG18 c o n t a i n s  an EcoRI  cDNA i n s e r t  o f  1226 n u c l e o t i d e s  w i th  an open 

r ea d ing  frame encoding  398 amino a c id s  and a p r o t e i n  w i th  a p r e d i c t e d



m ole c u la r  weight  o f  43 ,346 .  T b i t  c lone  a l s o  i n c lu d e s  seqnences 

encoding the  l a s t  f iwe aaiino a c id s  o f  the  s i g n a l  p e p t i d e .  Two 

p o l y s d e n y l a t i o n  s i g n a l s .  AATACA and ATTAAA. a r e  l o c a t e d  28 and 11 

n u c l e o t i d e s ,  r e s p e c t i v e l y ,  be fo re  the  TAA s to p  codon.  Phage XAG18 

l a c k s  a 3 ' -  u n t r a n s l a t e d  r eg ion  s inc e  the  poly(A) sequence i sunedia te ly  

fo l low s  the  TAA codon.  Four  p o s s i b l e  N - g l y c o s y l a t i o n  s i t e s  were 

i d e n t i f i e d  w i t h i n  the  p ro p e p t id e  sequence .  H y b r i d i z a t i o n  o f  HeLa c e l l  

mRNA wi th  n i c k  t r a n s l a t e d  cDNA i n s e r t  r e v e a le d  a s i n g l e  band of  

app rox im a te ly  1.4S k i l o b a s e s .  A genomic c lone  s p e c i f i c  f o r  huaian 

a l p h a - g a l a c t o s i d a s e  A, was i s o l a t e d  from a lymphoblast  41 Charon 30 

l i b r a r y .  N uc le o t id e  sequence a n a l y s i s  o f  a 1243 n u c l e o t i d e  genomic 

fragment  i n c l u d e s  sequences f o r  the  p rom ote r ,  comple te  s i g n a l  p e p t i d e ,  

f i r s t  exon,  and 104 n u c l e o t i d e s  o f  the  f i r s t  i n t r o n .  D i r e c t  and 

i n v e r t e d  r e p e a t  e lements  o f  10, 11, 16,  19, and 22 n u c l e o t i d e s  f l a n k  

the  promote r  s i t e .  A GA-rich r e p e a t  e lement  o f  a p p rox im a te ly  60 

n u c l e o t i d e s ,  found t o  be homologous t o  s i m i l a r  e lements  in  s e v e r a l  

s p e c i e s ,  i s  l o c a t e d  upstream of  the  p ro m o te r .  A GGGCGG s i t e  s p e c i f i c  

f o r  the  DNA b i n d in g  p r o t e i n  Spl  i s  l o c a t e d  nex t  t o  a CAAT box,  and the  

i n v e r t e d  Spl b i n d in g  s i t e ,  CCGCCC, i s  l o c a t e d  n e x t  t o  the  TATA box.  

The sequence ia imediate ly f l a n k in g  the  ATG i n i t i a t i o n  codon o f  the  human 

a l p h a - g a l a c t o s i d a s e  A gene was shown t o  be h i g h l y  homologous t o  

sequences f l a n k i n g  the  ATG i n i t i t i a o n  codons o f  fo u r  o f  the  o t h e r  f i v e  

human lysosomal  h y d r o l a s e s  f o r  which sequence in fo r m a t io n  i s  a v a i l a b l e ,  

bu t  no t  f o r  any of  the  o t h e r  133 human s i g n a l  p e p t i d e s  examided. 

I n fo r m a t io n  i s  p r e s e n t e d  which i n d i c a t e s  c o n v e r s i o n  t o  the  mature  

enzyme occurs  by c leavage  o f  a c a rb o x y - te rm in a l  p r o p e p t i d e  f ragm ent .
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INTRODUCTION

At the  t o r n  o f  the  t w e n t i e t h  c e n t u r y .  S i r  A r c h ib a ld  Garrod 

began h i s  s t u d i e s  o f  p a th o l o g ic  o r  d i s e a s e  s t a t e s  in  r e l a t i o n  t o  the  

b o d y ' s  noraial p h y s i o l o g i c  p r o c e s s e s .  Through h i s  s t u d i e s  of  

a l c a p t o n u r i a ,  a l b i n i s m ,  c y s t i n u r i a ,  and p e n t o s u r i a ,  Garrod proposed  the  

h y p o t h e s i s  t h a t  an enzyme b lo ck in g  a s i n g l e  m e ta b o l i c  r e a c t i o n  was 

e i t h e r  reduced o r  m is s ing  comple te ly  in  p a t i e n t s  w i th  t h e s e  d i s o r d e r s  

(S tanbury  e t .  a l . ,  1983) .  Bis  a n a ly s e s  o f  f a m i l i a l  d i s t r i b u t i o n  and 

knowledge o f  Mendelian g e n e t i c s  (Mendel , 1901) ,  enab le d  Garrod t o  

p o s t u l a t e  t h a t  t h e s e  d i s o r d e r s  were due t o  r e c e s s i v e  g e n e s .  Subsequent  

i n v e s t i g a t i o n s  proved  G a r ro d ' s  hypo theses  t o  be c o r r e c t  and because  of  

h i s  s u b s t a n t i a l  c o n t r i b u t i o n s  t o  t h i s  f i e l d ,  he has  become known ss  the  

f a t h e r  of  inborn  e r r o r s  o f  m e tabo l i sm.  A group o f  g e n e t i c  d i s e a s e s  

known as  lysosomal  s to r a g e  d i s o r d e r s  r e s u l t  from in born  e r r o r s  of  

me tabo l i sm .  There a r e  a t  l e a s t  30 lysosomal  s to r a g e  d i s o r d e r s  and each 

r e s u l t s  from an i n h e r i t e d  t r a i t  which a f f e c t s  the  i n t r a ly s o s o m a l  

enzymes (Dingle  e t  a l . ,  1984) .  The f i r s t  c l i n i c a l  d e s c r i p t i o n  o f  a 

lysosomal  s t o r a g e  d i s o r d e r  came in  1881 by Warren Tay,  a B r i t i s h  

o p t h a l m o l o g i s t ,  when he d e s c r i b e d  a c h e r r y  red s p o t  su rrounded  by a 

go lden  h a lo  in  t h e  eye of  an i n f a n t .  Tay h y p o th e s i z e d  t h a t  t h i s  

c l i n i c a l  m a n i f e s t a t i o n  was due t o  an i n h e r i t e d  f a c t o r .  I n  1897 a 

n e u r o l o g i s t  a t  Mt. S i n a i  B o s p i t a l  in  New York, B. Sachs ,  r e p o r t e d  

s e v e r a l  a d d i t i o n a l  c a s e s  o f  the  c h e r r y  red  spo t  in  t h e  eye of  h i s  

p a t i e n t s  and he a l s o  noted  t h a t  t h e s e  p a t i e n t s  had e x t e n s i v e  c e n t r a l  

ne rvous  system damage (Sloan and F r e d r i c k s o n ,  1972) .  T h i s  d i s e a s e  has



been given  the eponya of  Tey-Sachs d i s e a s e .  V i t h in  the  nex t  two

decades i n h e r i t e d  lysosoaial  s t o r a g e  d i s e a s e s  were d e s c r i b e d  and have 

now been c a t e g o r i z e d  i n t o  t h r e e  gronps ac co rd ing  t o  the  c h e a i c a l  n a tu r e  

of  the  accnainlated s u b s t r a t e :  i )  s p h in g o l i p id o a e s  ( e . g .  Gancher

d i s e a s e ) ,  i i )  a u c o p o ly s a c c h a r id o s e s  ( e . g .  H n r l e r  d i s e a s e ) ,  and i i i )  

g l y c o p r o t e i n o s e s  ( e . g .  I  c e l l  d i s e a s e )  (S tanbury  e t  a l . ,  1983) .  

Although each d i s o r d e r  i s  i n d i v i d u a l l y  r a r e ,  t aken  c o l l e c t i v e l y ,  t h e i r  

c l i n i c a l  inc idence  i s  s i g n i f i c a n t .

Another  l y s o s o a a l  s to r a g e  d i s o r d e r  known ss  Fabry  d i s e a s e  was

d i sc o v e red  independen t ly  in 1898 by Anderson in England and Fabry in 

Geraany.  Both d e s c r i b e d  p a t i e n t s  w i th  a n g io k e r a to a a  c o r p o r i s  d i f f u s u a .  

Thus,  the  d i s e a s e  n i g h t  more a p p r o p r i a t e l y  be c a l l e d  Fabry-Anderson  

d i s e a s e ,  however,  the  nane Fabry  d i s e a s e  has been r e t a i n e d  f o r  

c l a s s i f i c a t i o n  p u r p o s e s .  C l i n i c a l l y ,  the  t e n  a n g io k e r a t o a a  c o r p o r i s  

d i f f u s u a  a ro s e  f r o a  tbe  c h a r a c t e r i s t i c  sk in  l e s i o n s  seen  on hemizygous 

a a l e s .  A d d i t i o n a l  c l i n i c a l  synptons r e p o r t e d  were c o r n e a l  o p a c i t i e a ,  

c r i s e s  o f  f e v e r ,  p e r i p h e r a l  edena ,  and burn ing  s e n s a t i o n  in the

e x t r e n e t i e s  (Desnick and Sweeley,  1983) .

In  1947, Ponpen e t  a l .  p e r f o r v e d  a u t o p s i e s  on two Ben known to  

have Fabry d i s e a s e  in  o rd e r  t o  e z a a in e  the  h i s t o p a t h o l o g y  of  the

d i s o r d e r .  They aade the  s i g n i f i c a n t  o b s e r v a t i o n  o f  the  p r e s e n c e  o f  

vacuo le s  in  the  t u n i c a  a e d i a  o f  a b n o ra a l  a r t e r i e s  t h roughou t  the  body.  

Th i s  p ro ap te d  t h e a  t o  propose  t h a t  a g e n e r a l i z e d  s t o r a g e  d i s e a s e  was 

the  key to  tbe d i s o r d e r .  The l i p i d  n a t u r e  o f  the  s t o r a g e  a a t e r i a l  was 

e s t a b l i s h e d  in 1950 ( S c r i b a ) ,  and c h e a i c a l  a n a ly s e s  have s in c e  

c o n f i r a e d  S c r i b e ' s  s t u d i e s .  Sweeley and Kl ionsky  (1963) were the  f i r s t  

t o  c l a s s i f y  Fabry d i s e a s e  as a s p h i n g o l i p i d o s i s  due t o  t h e i r  i s o l a t i o n  

and c h a r a c t e r i z a t i o n  o f  two n e u t r a l  g l y c o s p h i n g o l i p i d s :  i )  g a l a c t o s y l -



g a l a c t o s y l g l u c o s y l  ceramide (Ga l-Ga l -G lc -Cer )  and i i )  d i g a l a c t o s y l  

ce ramide (Gal-Gal-C er)  f r o a  tbe  a n to p a i e d  k idney  o f  a Fabry h e a i z y g o t e .  

The o b s e r v a t io n  t h a t  Fabry d i s e a s e  was dne to  the  absence o f  t r i h e x o s y l  

c e r a a i d e  g a l a c t o s y l  hydro la se  a c t i v i t y  was demons t ra ted  by Brady e t  a l .  

( 1967) .

Wallace (1958) and Co l ley  e t  a l .  (1958) were the  f i r s t  t o  conf i rm  

Fabry d i s e a s e  in  a voaan.  Th i s  woman's son had d ied  dne t o  Fabry 

d i s e a s e  snd h e r  subsequent  au topsy  m a t e r i a l  r e v e a le d  v a c u o la t e d  

g lo m e r u la r  e p i t h e l i a l  c e l l s .  S ubsequen t ly .  Wise e t  a l .  (1962) and 

Burda and Winder (1967) demons t ra ted  v e ry  s l i g h t  c l i n i c a l  f e a t u r e s  of  

Fabry  d i s e a s e  in c a r r i e r  he te rozygous  f e m a le s .  The X - l in k e d  

t r a n s m i s s i o n  of  the d i s o r d e r  was confirmed by O p i tz  and S t i l e s  (1963) 

and O p i tz  (1964) th rough s t u d i e s  of  a t  l e a s t  21 c a r r i e r  fem ales  and 

a f f e c t e d  m ale s .  L i t e r a t u r e  r e p o r t s  o f  ov e r  45 documented h e t e r o z y g o t e s  

show t h a t  the  females  a re  g e n e r a l l y  l e s s  s e v e r e l y  a f f e c t e d  w i th  c o r n e a l  

d y s t rophy  as the  most f r e q u e n t  and o f t e n  s i n g u l a r  m a n i f e s t a t i o n  

(Desnick and Sweeley,  1983) .  P r o g n o s i s  i s  b e t t e r  f o r  the  h e t e r o z y g o t e  

than  f o r  the  hemizygote .  Although l i f e  expec tancy  i s  l o n g e r  in 

a f f e c t e d  f em a le s ,  most become more symptomatic  w i th  i n c r e a s i n g  age and 

g e n e r a l l y  d i e  of  the  d i s e a s e  (Burda and Winder,  1967) .

Of the  g l y c o l i p i d  s to r a g e  d i s o r d e r s ,  on ly  in  Fabry  d i s e a s e  i s  the 

d e f i c i e n t  enzyae t r a n s m i t t e d  by an X - l in k e d  s t r u c t u r a l  gene .  O p i t z  e t  

a l .  (1965) f i r s t  s t u d i e d  the r e l a t i v e  p o s i t i o n  of  the  Fabry locus  on 

the  X chromosome. The i n i t i a l  d a t a  o f  Op i tz  e t  a l .  (1965) and then  

J o h n s t o n  e t  a l .  ( 1 9 6 9 ) ,  i n d i c a t e d  a l i n k a g e  b e tw e e n  a l p h a -  

g a l a c t o s i d a s e  A and the Xga blood  group a n t i g e n s .  However, subsequen t  

d a t a  d e r iv e d  from somatic  c e l l  h y b r i d i z a t i o n  a s s ig n e d  the  a l p h a -  

g a l a c t o s i d a s e  A s t r u c t u r a l  gene to  tbe  long arm o f  X (Xq) (de la



Chape l le  and M i l l e r ,  1979) ,  whi le  o t h e r  d a t a  p l a c e d  the  1 |  b lood  groups

on the  s h o r t  e r a  o f  X (Xp) . F u r t h e r  l in k a g e  d a t a  f r o a  two o t h e r  gronp

n e g a te s  the  p r e v i o u s  e v idence  f o r  l in kage  between a l p h a - g a l a c t o s i d a s e  A 

and Xg (Sopers  e t  a l . ,  1977; J ohns ton  and Sange r ,  1981) .  S p e c i f i c a l l y ,  

the  s t r u c u r a l  gene f o r  a l p h a - g a l a c t o s i d a s e  A has been l o c a l i z e d  t o  a 

narrow r e g io n  of  Xq (Xq21-Xq22) (Fox e t  a l . ,  1984) by s o a a t i c  c e l l  

h y b r i d i z a t i o n  t e c h n i q u e s .

Lysosoaa l  enzyaes  b rea k  down down a a c r o a o l e c u l e s  and and t h e i r  end 

p r o d u c t s  aay  be e l i a i n a t e d  f r o a  the  c e l l  o r  used  as  a n a b o l i c  b u i d in g  

b lo ck s  (D ing le  e t  a l . ,  1984) .  F a i l u r e  o f  one o f  t h e s e  h y d r o l y t i c  

enzyaes can r e s u l t  in  the  a c c u a u l a t i o n  o f  t h e i r  s u b s t r a t e s  o r  t h e i r  

abnormal m e t a b o l i t e s  w i t h i n  s p e c i f i c  c e l l  t y p e s  o f  t h e  body.  R e s u l t a n t  

a c c u a u l a t i o n  can cause  a v a r i e t y  of  c l i n i c a l  s e q u e l a e  r ang ing  from 

dermal l e s i o n s  to  mild  r e t a r d a t i o n  t o  d e a t h .  The lysosom al  s t o r a g e  

d i s o r d e r s  p ro v id e  examples  o f  g e n e t i c  h e t e r o g e n e i t y  a s s o c i a t e d  w i th  

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

I n d i s t i n g u i s h a b l e  pheno ty pes  can be caused  by ,  i )  m u ta t i o n s  of  

d i f f e r e n t  genes which a f f e c t  the  metabol ism o f  the  same end p r o d u c t  o r  

by i i )  m u ta t i o n s  a t  d i f f e r e n t  a l l e l e s  which a f f e c t  the  n a t u r e  o f  a gene 

p r o d u c t  ( g e n o t y p e ) .  An example o f  the  f i r s t  s i t u a t i o n  i s  seen  in

m u co p o ly s a cc h a r id o s i s  type  I I I  where t h e r e  a r e  f o u r  forms o f  the  

d i s e a s e ,  S a n f i l i p p o  A, B, C, and D. C l i n i c a l l y ,  a l l  r e s u l t  in

accum ula t io n  o f  h e p a r i n  s u l f a t e  in the  t i s s u e s ,  however g e n e t i c a l l y ,  

the  a c t i v i t y  o f  fo u r  s e p a r a t e  enzymes i s  a f f e c t e d  (McKusick e t  a l . ,  

1978) .  Tay-Sachs d i s e a s e  i s  an example of  the  second s i t u a t i o n  s in c e  

the  a lpha  and b e t a  s u b u n i t s  o f  hexosam in idase  A a r e  encoded on 

chromosome 15 and 5 ,  r e s p e c t i v e l y  ( O 'B r i e n ,  1983) .

The c o n t r o l ,  r e g u l a t i o n ,  e x p r e s s i o n ,  b i o s y n t h e s i s ,  and t r a f f i c k i n g



o f  lysosomal  enzymes i s  no t  comple te ly  u n d e r s t o o d .  Tbe s tudy  of  

p a t i e n t s  w i th  v a r i o u s  forms of  l y s o s o a a l  s t o r a g e  d i s o r d e r s  has he lped  

t o  u n ra v e l  t h es e  c o a p le z  b i o l o g i c  p r o c e s s e s .  Lysosoaa l  enzyaes  a r e  

s y n t h e s i s e d  on aeabrane-hound po lysoaes  on the  rough e n d o p la s n i c  

r e t i c u l u a  along  wi th  s e c r e t o r y  p r o t e i n s  and aeab ra ne  p r o t e i n s .  A l l  o f  

t h e s e  p r o t e i n s  a re  thought  t o  c o n t a i n  an an in o  t e r m in a l  s i g n a l  p e p t i d e  

which p a r t i c i p a t e s  in  t r a n s l o c a t i o n  o f  the  p r o t e i n  a c r o s s  the  aeab ra ne  

o f  the  e n d op la sn ic  r e t i c u l u a  ( V a l t e r  e t .  a l . .  1984) .  To d a t e ,  two 

components have been p u r i f i e d  and shown to  be n e c e s s a r y  f o r  

t r a n s l o c a t i o n .  The f i r s t  i s  the  s i g n a l  r e c o g n i t i o n  p a r t i c l e  (SRP), an 

11S cy top la sm ic  r i b o n u c l e o p r o t e i n ,  which r e c o g n i z e s  the  s i g n a l  sequence 

o f  n a s c e n t  p o l y p e p t i d e s  (E r ic kson  e t  a l . ,  1981; E r i c k s o n  e t  a l . ,  1983; 

Rosenfeld  e t  a l . ,  1982) .  Tbe second component o f  t h e  t r a n s l o c a t i o n  

event  i s  the SRP r e c e p t o r ,  a l s o  known as  the  docking p r o t e i n .  The SRP 

r e c e p t o r  i s  an i n t e g r a l  membrane p r o t e i n  which a s s o c i a t e s  w i th  the  SRP 

and a l lows  t a r g e t i n g  o f  the  r ibosomes and p r o t e i n  t o  the  membrane o f  

the  rough endoplasmic r e t i c u l u a  ( V a l t e r  e t  a l . ,  1984) .  The s t e p s  

fo l l o w in g  the  t a r g e t i n g  p r o c e s s  a re  p o o r ly  u n d e r s t o o d ,  however ,  somehow 

the  p e r m e a b i l i t y  b a r r i e r  of  tbe  membrane i s  a l t e r e d  and the  n a s c e n t  

p o l y p e p t id e  p a s s e s  th rough  to  the  lumen.

During the  concom i tan t  t r a n s l o c a t i o n  and t r a n s l a t i o n  s e v e r a l  

m o d i f i c a t i o n s  o c c u r ,  i n c lu d in g  c leavage  of  the  the  s i g n a l  p e p t i d e  from 

the  na s c e n t  lysosomal  p o l y p e p t id e  and a d d i t i o n  o f  h ig h  mannose c o re  

o l i g o s a c c h a r i d e s .  S p e c i f i c a l l y ,  t h r e e  g l u c o s e ,  n in e  mannose,  and 2 

N -ace ty lg lucosam ine  r e s i d u e s  a re  added en b lo c  by a l i p i d  c a r r i e r  t o  

s e l e c t e d  a s p a r a g in e  r e s i d u e s  along  the  lysosomal  p o l y p e p t i d e  (K orn fe ld  

and E o r n f e l d ,  198S).  P r o c e s s i n g  o f  a s p a r a g i n e - l i n k e d  o l i g o s a c c h a r i d e s  

b eg in s  by the  removal o f  t h r e e  g lucose  r e s i d u e s  and one mannose



r e s i d u e .  V i th in  the  luaen  o f  the  rough e ndop la sn ic  r e t i c u l u a ,  tbe 

ly s o s o a a l  enzyaes a re  in the  saae  pool  as  the s e c r e t o r y  p r o t e i n s  s in c e  

t h e y  share  a s i a i l a r  a e c h a n i s a  o f  t r a n s p o r t .

Froa  the lnaen  the  p r o t e i n s  a re  t r a n s p o r t e d  t o  the  Golgi  a p p a r a tn s  

f o r  p o s t t r a n s l a t i o n a l  nod i f i c a t i o n s  and s o r t i n g  t o  t h e i r  p r o p e r  

d e s t i n a t i o n s  ( e . g .  l y s o s o a e ,  s e c r e t o r y  g r a n n i e ,  o r  p l a s a  a e a b r a n e ) .  The 

s i t e ( s )  and n e c h a n i s a ( s )  by which l y s o s o a a l  enzyaes a r e  s o r t e d  f r o a  the  

poo l  of  s e c r e t o r y  p r o t e i n s  i s  no t  known. However, i t  i s  known t h a t  

w i t h i n  the  Golgi  c o a p le z ,  one impor tant  a c q u i s i t i o n  fo r  l y s o s o a a l  

enzyaes i s  the  a d d i t i o n  o f  a a nnose -6 -phospha te  (M-6-P) by a two s t e p  

p r o c e s s .  F i r s t ,  N - a c e t y l g l n c o s a a i n e - l - p h o s p h o t r a n s f e r a s e  c a t a l y z e s  the  

t r s n s f e r  o f  N - a c e t y l g l u c o s a n i n e - l - p h o s p h a t e  t o  a aannose r e s i d u e  on the  

o l i g o s a c c h a r i d e  ( H a s i l i k  e t  a l . ,  1981; R e i ta a n  and K o r n f e l d ,  1981) .  

S ubsequen t ly ,  N -a c e t y lg l u c o s a n i n e  i s  removed by e l p h a - N - a c e t y l -  

g lucosaminyl  p h o s p h o d ie s t e r a s e  and the  n a tu r e  r e c o g n i t i o n  m arker ,  

M-6-P, i s  ezposed (Varki  and K o rn fe ld ,  1980; Vaheed e t  a l . ,  1981; Varki  

and K o r n f e ld ,  1981) .  These r e s i d u e s  a r e  recognized  by M-6-P r e c e p t o r s  

l o c a t e d  in the  p l a s a a  membrane o f  tbe  go lg i  a p p a r a tu s  and the  

r e c e p t o r - l i g a n d  c o a p le z  t r a v e l s  to  v e s i c l e s  d e s t i n e d  to  become p r im ary  

lysosomes v i a  an undete rmined  pathway (S ly  and F i s c h e r ,  1982) .  V i t h i n  

the  a c i d i c  n i l i e u  of  p r e l y s o s o n a l  compartments  the  r e c e p t o r - l i g a n d  

c o a p le z  d i s s o c i a t e s  and the  M-6-P r e c e p t o r  i s  f r e e  t o  r e c y c l e  

(Gonza lez-Nor iega  e t  a l . ,  1980) .  R ecen t ly  i t  has been shown t h a t  t h e r e  

a re  a c t u a l l y  two types  M-6-P r e c e p t o r s  based on t h e i r  r equ i r em e n t  f o r  

d i v a l e n t  c a t i o n s .  The new r e c e p t o r  has been named c a t i o n - d e p e n d e n t  

M-6-P r e c e p t o r  and the  o t h e r  c a t i o n - i n d e p e n d e n t  M-6-P r e c e p t o r  (Hoflack  

and K o rn fe ld ,  198S). Th is  f i n d i n g  r a i s e s  i n t e r e s t i n g  q u e s t i o n s .  Do 

lysosomal  enzymes e x h i b i t  random o r  s e l e c t i v e  b in d in g  t o  t h e s e



d i f f e r e n t  r e c e p t o r s  and i f  so ,  what de te rm ine s  t h e i r  s e l e c t i v i t y ?  And 

do these  d i f f e r e n t  r e c e p t o r s  se rve  t o  t r a f f i c k  d i f f e r e n t  a c id  

h y d r o l a s e s  t o  s e p a r a t e  types  o f  ly sosones  w i th  s p e c i a l i z e d  f u n c t i o n s ?

Lang e t  a l .  (1984) and Korn fe ld  e t  a l .  (1985) demons t ra ted  t h a t  

t h e  s e l e c t i v e  r e c o g n i t i o n  marker  o f  a c id  h y d r o la s e s  by N - a c e t y l -  

glucosaminy l  p h o s p h o t r a n s f e r a s e  i s  c o n ta i n e d  w i t h i n  the  p r o t e i n  r a t h e r  

th a n  the  o l i g o s a c c h a r i d e  p o r t i o n  o f  lysosomal  enzymes. S p e c i f i c a l l y ,  

u s in g  an in  v i t r o  a s s a y ,  d e g ly c o s y l a t e d  enzymes (en donuc lease  

H - t r e a t e d )  a c t e d  as bo th  s p e c i f i c  and c o m p e t i t iv e  i n h i b i t o r s  of  

p h o s p h o r y l a t i o n  o f  the  i n t a c t  lysosomal  enzymes. In  a d d i t i o n ,  they  

shoved t h a t  the  i n t a c t  p r o t e i n  i s  r e q u i r e d  f o r  i n h i b i t i o n  s in c e  l a r g e  

p r o t e o l y t i c  f ragments  and d e na tu red  p r o t e i n s  d id  no t  p o s s e s s  the  

i n fo rm a t io n  n e c c e s s a r y  t o  i n h i b i t  p h o s p h o r y l a t i o n .  Of the  a v a i l a b l e  

cDNA sequences f o r  human lysosomal  enzymes,  (Faust  e t  a l . ,  1985; 

Fukushima e t  a l . ,  1985; Sorge e t  a l . ,  1985; Guise e t  a l . ,  1985; 

Myerovi tz  e t  a l . ,  1985; O'Dowd e t  a l . ,  1985; Fong e t  a l . ,  1986; Oshima 

e t  a l . ,  1987) ,  no s i g n i f i c a n t  homologies  were found a t  the  n u c l e o t i d e  

o r  amino a c i d  l e v e l .  T h i s  s u g g e s t s  t h a t  t h e r e  may be secondary  o r  

t e r t i a r y  p r o t e i n  s t r u c t u r e  in  common which a l lows  s p e c i f i c  r e c o g n i t i o n  

o f  a c id  h y d r o l a s e s  by N -a c e ty lg lu c o s am in y l  p h o s p h o t r a n s f e r a s e .

Although N-6-P r e c e p t o r  media ted  d e l i v e r y  t o  lysosomes i s  an an 

im por tan t  pathway f o r  cha n n e l in g  enzymes,  i t  i s  known t h a t  t h i s  i s  no t  

t h e  on ly  r o u t e  t o  the  lysosome and t h e r e  must be a pa thway(s )  

independen t  of  t h i s  r e c e p t o r .  The ev idence  comes from the  s tu d y  of  

p a t i e n t s  w i th  I  c e l l  d i s e a s e  ( m u c o l ip i d o s i s  I I )  and the  g e n e t i c a l l y  

r e l a t e d  d i s e a s e ,  p s e u d o -H u r l e r  p o ly d y s t r o p h y  ( m u c o l ip i d o s i s  I I I ) ,  who 

a r e  unab le  t o  s y n t h e s i z e  the  M-6-P r e c o g n i t i o n  Barke r  due t o  an 

impa ired N -a c e ty lg lu c o s am in y l  p h o s p h o t r a n s f e r a s e  ( D a s i l i k  e t  a l . , 1 9 8 1 ;



Reitman e t  a l . ,  1981; aod Varki a t  a l . ,  1981) .  Thus,  t h e i r  lysosomal  

enzymes a re  no t  s u i t a b l e  l igands  t o  the M-6-P r e c e p t o r .  For  

f i b r o b l a s t s  and c e r t a i n  o t h e r  c e l l s ,  the  lysosomal enzymes a re  s e c r e t e d  

i n t o  the  e z t e r n a l  environacent r a t h e r  than d e l i v e r e d  to  t h e  lysosom es.  

I n t e r e s t i n g l y ,  K upf fe r  c e l l s ,  l e u k o c y t e s ,  and h e p a to c y te a  c o n t a i n  

n e a r l y  normal  l e v e l s  o f  enzymes w i t h i n  t h e i r  lysosomes (Owada and 

Neufc ld ,  1982; Vaheed e t  a l . ,  1982) .  I t  a l s o  has been shown by Gabel 

e t  a l .  (1983) t h a t  a number of  c e l l s  w i th o u t  the  M-6-P r e c e p t o r  ( e . g .  

P388D, J774 ,  and L c e l l s )  have high  l e v e l s  o f  lysosomal  a c id

h y d r o l a s e s .  C l e a r l y  these  c e l l s  have a N-6-P independent  mechanism f o r  

t r a f f i c k i n g  enzymes to  the lysosomes,  however , t h i s  mechanism i s  

unknown a t  t h i s  t im e .

Bes ides  c leavage  of  the  s i g n a l  p e p t i d e  in  the  endoplasmic 

r e t i c u lu m  and o l i g o s a c c h a r i d e  p r o c e s s i n g ,  lysosomal enzymes undergo 

a d d i t i o n a l  p r o t e o l y t i c  p r o c e s s i n g .  Lysosomal enzymea a r e  s y n th e s i z e d  

as  p r e p r o p e p t i d e s  ( B a s i l i k  e t  a l . ,  1981);  the  p r e p r o p e p t i d e  i n c l u d e s  

the  amino t e r m in a l  s i g n a l  p e p t i d e  which i s  removed f i r s t  fo l lowed  by 

removal o f  the  p ro  p i e c e  a f t e r  the  enzyme has e n t e r e d  th e  p re ly sosom a l  

compartment (Gieselmann e t  a l . ,  1983) .  P r o p e p t i d e  p r o c e s s i n g  has been 

shown t o  occur  a t  the  amino a n d /o r  ca rbozy  te rm inus  (E r i c k s o n  e t  a l . ,  

1981; E r ic kson  and B lo b e l ,  1983) .  I t  has  been sugges ted  t h a t  removal  

o f  the  p ro  p i e c e  o f  c a th e p s in  D a c t i v a t e s  the  zymogen and c o n t a i n s  the  

a c t i v i t y  o f  the  enzyme p r i o r  to  i t s  s o r t i n g  and d e l i v e r y  t o  the  

lysosome (E r ic kson  e t  a l . ,  1981) .  Zymogen a c t i v a t i o n  by removal o f  the  

p r o  p i e c e  does no t  appear  t o  p e r t a i n  t o  a l l  lysosomal  enzymes. 

K orn fe ld  (1986) s p e c u l a t e s  t h a t  the  p r e s e n c e  o f  the  p r o  p i e c e  o f  the  

enzyme might  be n e c e s s a r y  f o r  p ro p e r  f o l d i n g  of  the  p e p t i d e  f o r  s o r t i n g  

v i a  the  M-6-P r e c e p t o r  independent  pathway.  H is  s p e c u l a t i o n  i s  based



on the  ev idence  t h a t  the  p ro  p i e c e  i s  no t  n e c e s s a r y  f o r  the  a d d i t i o n  of  

M-6-P r e s i d u e s ,  s in c e  p u r i f i e d  n a t u r e  p r o t e i n  can be p h o s p h o ry l a te d  by 

the  p h o s p h o t r a n s f e r a s e  (Lang e t  a l . ,  1984; K ornfe ld  e t  a l . ,  1985) .  

Once the  enzyne has been d e l i v e r e d  to  the  ly sosone  t h i s  p ro  p i e c e  

becones  d i s p e n s a b le  and i s  renoved.  An a l t e r n a t i v e  p o s t u l a t i o n  

s u g g e s t s  t h a t  renova l  o f  the  p ro  p i e c e  of  the  p e p t i d e  s t a b i l i z e s  the  

enzyne in  the  a c i d i c  n i l i e u  of  the  ly so s o n a l  c o n p a r t n e n t  ( E o r n f e ld ,  

1986) .  I t  i s  p o s s i b l e  t h a t  renova l  o f  the  p ro  p i e c e  nay  se rve  a dua l  

r o l e  in sone ly so s o n a l  enzynes .  S p e c i f i c a l l y ,  r enova l  o f  the  p ro  p i e c e  

nay  a c t i v a t e  and s t a b i l i z e  the  enzyne in  the  newly found a c i d i c  

environment  of  the  ly sosone .

During the  p a s t  twenty y e a r s ,  s i g n i f i c a n t  o b s e r v a t i o n s  were nade 

in the  u n d e r s t a n d in g  o f  the n o l e c u l a r  p a t h o l o g i e s  o f  l y s o s o n a l  s t o r a g e  

d i s o r d e r s  and o t h e r  i n h e r i t e d  n e t a b o l i c  d i s e a s e s .  T h i s  i n fo rm a t io n  

gave way to  the  development  o f  s p e c i f i c  and f a c i l e  t e s t a  t o  a c c u r a t e l y  

d iagnose  and i d e n t i f y  s p e c i f i c  enzymatic  d e f e c t s  in  more than  200 of  

the  over  400 c h a r a c t e r i z e d ,  r e c e s s i v e l y  i n h e r i t e d ,  inb o rn  e r r o r s  of  

metabo l ism (McKusick, 1978) .  These t e c h n iq u e s  and in  v i t r o  somatic  

c e l l  h y b r i d i z a t i o n  a ssaya  have been u t i l i z e d  t o  a s s i g n  s t r u c t u r a l  genes 

f o r  t h es e  enzynes t o  s p e c i f i c  human chromosomes (Evans e t  a l . ,  1979) .

Research  i n v o lv in g  p a t i e n t s  w i th  inborn e r r o r s  o f  m e t a b o l i s n  has 

led  t o  a b e t t e r  u n d e r s t a n d in g  o f  the  c e l l  b i o l o g y ,  p h y s io l o g y ,  and 

b i o c h e m is t r y  of  t h e s e  d i s o r d e r s .  Eowever, an obvious  goa l  i s  t o  

p ro v id e  s p e c i f i c  t h e ra p y  f o r  p a t i e n t s  s u f f e r i n g  from th e s e  d e v a s t a t i n g  

d i s e a s e s .  Because e f f i c i e n t  t r e a tm e n t  i s  no t  y e t  a v a i l a b l e  f o r  

p a t i e n t s  w i th  nany i n h e r i t e d  m etabo l i c  d e f i c i e n c i e s ,  i n v e s t i g a t o r s  

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

c o u r s e .  E a r ly  e f f o r t s  were d i v id e d  i n t o  two major  themes: i )  de c re a s e



the  p r o g r e s s i v e l y  accumula ted  s u b s t r a t e  th rough  d i e t a r y  r e s t r i c t i o n s  o r  

i i )  r e p l a c e  the  d e f i c i e n t  gene p ro d u c t  th rough i n t r a v e n o u s  i n j e c t i o n s .  

The f i r s t  approach  has  proved t o  be s u c c e s s f u l ,  f o r  e z a n p l e .  w i th  

p h e n y lk e t o n u r i a  (Hoskins  e t  a l . ,  1980) .  The second approach  waa 

prompted by p r e l i m i n a r y  in v i t r o  s t u d i e a  f o r  lyaosomal  a to r a g e

d i s o r d e r s  which r e v e a l e d  t h a t  the  exogenously  added ,  a p p r o p r i a t e  enzyme

cou ld  c o r r e c t  the  m e ta b o l i c  d e f e c t  in c u l t u r e d  f i b r o b l a a t s  from 

p a t i e n t s  wi th  lysosomal  s to r a g e  d i s o r d e r s  ( P o r t e r  e t  a l . ,  1971; Hickman 

and Neufe ld ,  1972) .

C l i n i c a l  t r i a l s  were de s igne d  to  s d m i n i s t e r  and t a r g e t  the  normal 

human enzyme in p a t i e n t s  w i th  lysosomal  enzyme d e f i c i e n c i e s  ( T a g le r  e t  

a l . ,  1974; Brady e t  a l . ,  1973; Desnick and Grabowski,  1981) .  These 

t r i a l s  encoun te red  s e v e r a l  o b s t a c l e s  which d e c re a s e d  the  d e s i r e d  

e f f e c t  o f  t h i s  a p p ro s c h .  One major  h inde ra nce  was the  f a c t  t h a t  many 

lysosomal  s t o r a g e  d i s o r d e r s  a r e  c h a r a c t e r i z e d  by s t o r a g e  o f  l i p i d s  and

m ucopo lysaccha r ides  w i t h i n  the  n e u ro n s ,  and he nc e ,  t h e  a d m i n i s t e r e d

enzyme must c r o s s  the  b l o o d - b r a i n  b a r r i e r .  A lao ,  t h e  i n t r a v e n o u s l y  

a d m i n i s t e r e d  enzyme was r a p i d l y  c l e a r e d  from the  plasma and up taken  

p r i m a r i l y  by the  h e p a t i c  sys tem . F i n a l l y ,  a major  s tum bl ing  b lock  was 

the  lack  of  s u f f i c i e n t  amounts o f  exogenous p r e p a r a t i o n s  o f  p u r i f i e d  

enzyme f o r  a s se s sm en t  o f  long term c l i n i c a l  e f f e c t i v e n e s s .

For  Fahry  d i s e a s e ,  c l i n i c a l  e f f o r t s  were d e s ig n e d  t o  reduce  the  

c i r c u l a t i n g  s u b s t r a t e ,  t h e r e b y ,  reduc ing  v a s c u l a r  a c c u m u la t io n .  The 

f i r s t  c l i n i c a l  i n f u s i o n  o f  a l p h a - g a l a c t o s i d a s e  A was r e p o r t e d  in  1970 

(Mapes e t  a l . ) .  These and a d d i t i o n a l  t r i a l s  (Brady e t  a l . ,  1973) 

showed t r a n s i e n t  d e p l e t i o n  o f  s u b s t r a t e  in  the  c i r c u l a t i o n  fo l lo w in g  

p u r i f i e d  a l p h a - g l a c t o s i d a s e  A i n f u s i o n .  In  a l a t e r  s tu d y  (Desnick e t  

a l . ,  1979) ,  a f f e c t e d  males (hem izygotes)  were g iven  s e v e r a l  i n j e c t i o n s



11.

of  a l p h a - g a l a c t o s i d a s e  A p u r i f i e d  sp le e n  o r  p l a s n a  a t  100,000 na io le /br  

p e r  i n j e c t i o n .  In b r i e f ,  the  r e s u l t s  were the  f o l l o w in g :  i )  the  a o re  

h i g h ly  s i a l y a t e d  p l a s n a  enzyne r e a a in e d  in  the  c i r c u l a t i o n  seven t i n e s  

longer  than  the  s p l e n i c  f o r a ,  i i )  b o th  e n z y n a t i c  t o n s  were d e t e c t e d  in  

b i o p s i e d  l i v e r  30 n i n  p o s t - i n j e c t i o n  i i i )  s y s t e n i c a l l y ,  a 2 5 - f o l d  

g r e a t e r  r e d u c t io n  o f  p l a s n a  s u b s t r a t e  by the  p l a s n a  enzyne was 

r e p o r t e d  conpared to  the  d e p l e t i o n  by the  s p l e n i c  enzyne,  iv )  du r in g  a 

span of  120 d a y s ,  no d e t e c t a b l e  imnune response  was g e n e ra te d  to  e i t h e r  

f o r a  of  the  enzyne,  and ▼) s to r e d  s u b s t r a t e  was n o b i l i z e d  i n t o  the  

c i r c u l a t i o n  by the plasma form of  the  enzyne,  bu t  n o t  by the  enzyne 

p u r i f i e d  from s p l e e n .

Seve ra l  l i n e s  of  ev idence  suppor t  t h e  a p p l i c a t i o n  of  r e c o r b i n a n t  

DKA techno logy  f o r  the t r e a tm e n t  o f  Fabry d i s e a s e .  F i r s t  o f  a l l ,  t h e  

absence o f  d e t e c t a b l e  innuno logic  r e a c t i o n s  and the  c l i n i c a l  

e f f e c t i v e n e s s  o f  r e p l a c e n e n t  the rapy  in p r e l i n i n a r y  human t r i e  Is  has 

been dem ons t ra ted  as  p r e v i o u s l y  n o t e d .  In  a d d i t i o n  t o  the  p o s i t i v e  in  

v ivo  r e s u l t s ,  Dawson e t  a l .  (1973) r e p o r t e d  t h a t  exogenous a l p h a -  

g a l a c t o s i d a s e  A added in  v i t r o  to  c u l t u r e d  f i b r o b l a s t s  from u n r e l a t e d  

h e n iz y g o te s  w i th  Fabry  d i s e a s e  c o r r e c t e d  the  b io ch e m ic a l  d e f e c t .  A l so ,  

Fabry d i s e a s e  has no c e n t r a l  nervous  system involvement  (Desnick and 

Sweeley,  1983) .  In  t h i s  c o n t e x t ,  t h e  i d e n t i f i c a t i o n  o f  a 42 ye a r  o ld  

male v a r i a n t  whom has low a l p h a - g a l a c t o s i d a s e  A a c t i v i t y  (3-10% of  the  

normal a c t i v i t y )  and i s  comple te ly  asymptomatic  (Bishop e t  a l . ,  1981) ,  

has  p rov ide d  an a d d i t i o n a l  s t im u lu s  t o  the  e f f o r t s  de s igne d  to  t r e a t  

Fabry d i s e a s e .  The r e p o r t  o f  t h i s  v a r i a n t  p r o v id e s  ev id ence  to  the  

h y p o t h e s i s  t h a t  low l e v e l s  of  ada<inis tered a l p h a - g a l a c t o s i d a s e  A may be 

e f f e c t i v e .  S ince  a l p h a - g a l a c t o s i d a s e  A i s  a homodimer (Bishop and 

Desn ick ,  1981) ,  on ly  a s i n g l e  gene i s  r e q u i r e d  f o r  c lo n i n g  and e v e n tu a l



e x p r e s s io n  in m ic r o b ia l  systems.

In a d d i t i o n  to  c l i n i c a i  t r e a t m e n t ,  b a s i c  i n v e s t i g a t i o n s  of  

s t r u c t u r a l  and f u n c t i o n a l  c h a r a c t e r i z a t i o n s  of  lysosomal  enzymes and in 

v i t r o  s t u d i e s  a l s o  have been de layed  due t o  the  lack  o f  s u f f i c i e n t  

q u a n t i t i e s  o f  homogeneous enzyme. However, due t o  r e c e n t  advances in 

m ic r o b ia l  e x p re s s io n  systems and the  c lo n i n g  o f  s e v e r a l  lysosomal 

h y d r o la s e  cDNAs, a new book i s  opened on the  a p p l i c a t i o n  o f  enzyme 

rep lacement  t h e r a p y  f o r  the  t r e a tm e n t  o f  lysosomal  s to r a g e  d i s o r d e r s .  

Recombinant DNA technology  can be employed t o  c o n s t r u c t  p lasm ids  t h a t  

d i r e c t  the  p r o d u c t i o n  in microorganisms of  l a r g e  amounts of  enzyme t h a t  

can be used f o r  r e s e s r c h  l e s d in g  t o  t h e r a p e u t i c  a p p l i c a t i o n s .  Indeed,  

e x p r e s s io n  and p u r i f i c a t i o n  o f  l a r g e  amounts of  a c t i v e  gene p r o d u c t s  

a re  f o r e s e e a b l e .  Bes ides  t h e r a p e u t i c  a p p l i c a t i o n s ,  m o le c u la r  s t u d i e s  

and g e n e t i c  m a n i p u la t i o n s  can be u t i l i z e d  t o  de te rmine  gene s t r u c t u r e ,  

r e g u l a t i o n ,  and t r a n s c r i p t i o n a l / t r a n s l a t i o n a l  p r o c e s s i n g .  Nuc leo t ide  

sequence a n a ly s e s  o f  the  normal and d i s e a s e  s t a t e s  w i l l  de te rmine  the 

m o le c u la r  d e f e c t s  a s s o c i a t e d  w i th  i n h e r i t e d  m etabo l i c  d i s e a a e s .

Recent  exper imen ts  i n d i c a t e  the  f e a s i b i l i t y  of  r e t r o v i r u s - m e d i a t e d  

gene t r a n s f e r  as  an approach t o  gene t h e r a p y  f o r  lysosomal  s to r a g e  

d i s e a s e s  and o t h e r  i n h e r i t e d  m etabo l i c  d i s o r d e r s .  Gaucher  d i s e a s e ,  a 

g l y c o l i p i d  s t o r a g e  d i s o r d e r ,  r e s u l t s  from the  d e f i c i e n t  a c t i v i t y  o f  the  

lysosomal  enzyme g l u c o c e r e b r o s id a s e  (Brady and B a r ra n g e r ,  1983) .  Sorge 

e t  a l .  (1987) c loned  the human g lu c o c o e re b r o s id a s e  cDNA i n t o  a 

r e t r o v i r u s  v e c t o r  and i n f e c t e d  mouse f i b r o b l a s t s  w i th  t h i s  c o n s t r u c t .  

I n f e c t e d  mouse f i b r o b l a s t s  expre ssed  a c t i v e  human g l u c o c e r e b r o s i d a s e .  

The r e t r o v i r u s  v e c t o r  was then  rescued  from mouse f i b r o b l a s t s  by a 

h e l p e r  v i r u s  and used to  t r a n s fo r m  c u l t u r e d  f i b r o b l a s t s  and 

lymphob las ts  from Gaucher p a t i e n t s .  Sorge e t  a l .  (1987) demons t ra ted



comple te  c o r r e c t i o n  o f  the  enzymatic  d e f e c t  in t h es e  t r a n s fo rm ed  c e l l s .  

In  a s i m i l a r  exper imen t  by Palaier  e t  a l .  (1987) .  a r e t r o v i r u s  v e c t o r  

c o n t a i n i n g  a human adenos ine  deaminase cDNA, was used t o  i n f e c t  human 

f i b r o b l a s t a  from a p a t i e n t  w i th  adenos ine  deaminase d e f i c i e n c y .  The 

i n f e c t e d  c e l l s  p roduced  1 2 - f o l d  more adenosine deaminase than 

u n i n f e c t e d  c e l l s  and were  a b l e  t o  m e t a b o l i z e  a d e n o s i n e  and 

deox y a d en o s in e , s u b s t r a t e s  t h a t  accumula te  in the  plasma o f  a f f e c t e d  

i n d i v i d u a l s  ( E r e d i c h  and H e r s h f i e l d .  1983) .  Another  h e r e d i t a r y

d i s o r d e r ,  a l p h a - a n t i t r y p s i n  d e f i c i e n c y ,  i s  c h a r a c t e r i z e d  by reduced 

serum l e v e l s  o f  a l p h a - a n t i t r y p s i n  r e s u l t i n g  in d e s t r u c t i o n  o f  the  lower 

r e s p i r a t o r y  t r a c t  by n e u t r o p h i l  e l a s t a s e  (Gadek and C r y s t a l ,  1983) .  

G a r v e r  e t  a l .  ( 1 9 8 7 )  u s e d  a r e t r o v i r u s  v e c t o r  c o n t a i n i n g  

a l p h a - a n t i t r y p s i n  cDNA t o  p r o d u c e  g l y c o s y l a t e d ,  a c t i v e  human 

a l p h a - a n t i t r y p s i n  in  mouse f i b r o b l a s t s .  T h e i r  hope i s  t o  produce 

s u f f i c i e n t  q u a n t i t i e s  o f  the  enzyme f o r  t h e r a p e u t i c  a p p l i c a t i o n s .

In  summary, t h e  a v a i l a b i l i t y  of  cDNA and genomic c lone s  f o r

a l p h a - g a l a c t o s i d a s e  A would f a c i l i t a t e  s t u d i e s  o f  the  m o le c u la r  b a s i s

o f  t h e  d i s e a s e ,  p r o v i d e  s p e c i f i c  p r o b e s  f o r  h e t e r o z y g o t e  

i d e n t i f i c a t i o n ,  and p e rm i t  e x p r e s s i o n  o f  l a rg e  amounts o f  the  enzyme 

f o r  f u r t h e r  s t r u c t u r a l  a n a l y s e s  and f o r  t h e r a p e u t i c  t r i a l s  o f  enzyme 

r e p l a c e m e n t .  The f i r s t  p a r t  o f  the  s tudy  r e p o r t e d  he re  focuses  on a 

group e f f o r t  d i r e c t e d  towards  the  i s o l a t i o n  o f  a cDNA encoding  human 

a l p h a - g a l a c t o s i d a s e  A. A n t i b o d ie s  p rep a re d  from p u r i f i e d  a l p h a -  

g a l a c t o s i d a s e  A p r o t e i n  and o l i g o n u c l e o t i d e s  s y n th e s i z e d  from knowledge 

of  p r o t e i n  sequence were u t i l i z e d  t o  sc re e n  cDNA l i b r a r i e s .  P a r t i a l  

n u c l e o t i d e  sequences  o f  a p o s i t i v e  cDNA c lone  was used  t o  v e r i f y  c lone  

a u t h e n t i c i t y .  The comple te  n u c l e o t i d e  sequence o f  a cDNA c lone  

s p e c i f i c  f o r  human a l p h a - g a l a c t o s i d a s e  A was de te rm ined  and the



p r e d i c t e d  p r o t e i n  eeqnence was o b t a i n e d .  Conaenaua poly(A) a d d i t i o n  

s i t e s ,  N - g l y c o s y l a t i o n  a i t e s ,  r e a t r i c t i o n  endonucleaae  a i t e a .  and

aecondary s t r u c t u r e  o f  the  n a tu re  p r o t e i n  were i d e n t i f i e d .

The aecond h a l f  o f  t h i a  a tndy  r e p o r t a  aiy a p e c i f i c  e f f o r t a  t h a t  l ed  

t o  the  i a o l a t i o n  o f  genomic c lonea  a p e c i f i c  f o r  hnaan a l p h a -  

g a l a c t o s i d a s e  A. In  f a c t ,  theae a r e  the  on ly  genomic c lo n e a  r e p o r t e d  

t o  d a t e  f o r  any a a a a a l i a n  lyaosoaa l  enzyme. N u c le o t id e  d a t a  f r o a  the  

a l p h a - g a l a c t o s i d a s e  A cDNA c lone  was u t i l i z e d  to  a y n th e a i z e  an 

o l i g o n u c l e o t i d e  c o r re spond ing  to  the  a a ino  t e r a i n a l  a a in o  a c i d  aequence 

f o r  a c re e n in g  genomic l i b r a r i e a .  N uc le o t id e  aequence a n a l y a i a  o f  a 

1243 n u c l e o t i d e  genoaic  segment r e v e a le d  the  p r e s e n c e  o f  the

S ' - f l a n k i n g  p r o a o t e r  sequences ,  t r a n s c r i p t i o n  i n i t i a t i o n  s i t e s ,  s i g n a l  

p e p t i d e  sequence ,  and f i r s t  e z o n - i n t r o n  s p l i c e  j u n c t i o n .  Analyses  of  

t h e s e  r eg io n s  should  give  i n s i g h t  i n t o  the  a e c h a n a i s a s  t h a t  r e g u l a t e  

l y so a o a a l  enzyaea and i n t r a c e l l u l a r  p r o c e s s i n g .  In  a d d i t i o n ,  t h e s e  

s t u d i e s  should  l a y  the  founda t ion  f o r  f u t u r e  a n a l y s e s  o f  the  n o l e c u l a r  

m u ta t i o n s  invo lved  in  Fabry  d i s e a a e  and the  e x p r e s s i o n  of  the

a l p h a - g a l a c t o s i d a s e  A locus  in  n o r a a l  i n d i v i d u a l s  and in  Fabry 

p a t i e n t s .



MATERIALS AND METHODS

N i t t r l i l i .  B e ta -c y a n o e th y l  d i i s o p r o p y l p h o s p h o r a a i d i t e s  and h e a t  

s e a l a b l e  Kapak pouches (8 inches  X 9.5  inches )  were pu rchased  f r o a

F i s h e r .  Reverse t r a n s c r i p t a s e  was o b ta in e d  from L i f e  S c i e n c e s .  The

M13 u n i v e r s a l  p r im er  ( 1 7 - a e r ;  5 ’-GTAAAACGACGGCCACT-3' )  and the

fo l low ing  enzynes were purchased  f r o a  New England B i o l a b s :  phage T4 

l i g a s e ,  phage T4 p o l y n u c l e o t i d e  k i n a s e ,  the  Klenow f ragment  of  E. c o l i  

DNA polymerase I ,  and r e s t r i c t i o n  endonuc leases  AccI . BanHI . EcoRI . 

H i n d l l I ,  P s t I . Rsal . SacI . and TaqI . P l a s n i d s  pUC8 and pUC9 were

o b ta in e d  from Bethesda Research  L a b o r a t o r i e s .  C a l f  i n t e s t i n a l  

p h o s p h a t a s e ,  [ o - 35S]dNTPs (1200  C i / a a o l e ) ,  [ a - 32P]dATP ( 8 0 0  

C i / a m o le ) ,  and Iir-32P] dATP (3000 Ci/msrale) were pu rcha se d  f r o a  New

England N u c l e a r .  The r a p id  d e l e t i o n  subc lon ing  k i t  and s y n t h e t i c  

o l i g o n u c l e o t i d e  RD22 ( 5 1-CGACGGCCACTGAATTCCCCCC-3' )  were pu rchased  f r o a  

I n t e r n a t i o n a l  B i o t e c h n o l o g ie s ,  I n c .  DEAE c e l l u l o s e  a e a b r a n e s  (NA-45), 

Z e tab ind  nylon  a e a b r a n e s ,  c o lo n y /p la q u e  s c re e n  ny lon  a e a b r a n e s ,  and 

n i t r o c e l l u l o s e  a e ab ra nes  (137 aa )  were f r o a  S c h l e i c h e r  and S c h u e l l ,  A>T 

Cuno, New England N uc le a r ,  and M i l l i p o r e ,  r e s p e c t i v e l y .  O the r  chem ica l s  

and r e a g e n t s  were o b t a in e d  f r o a  s e v e r a l  v e n d o r s .

B a c t e r i a .  B a c t e r lo n h a a e s .  and Recombinant P l a s m i d s . B a c t e r i a  

s t r a i n s ,  v a r i o u s  l i b r a r i e s ,  and recombinant  p lasm ids  u t i l i z e d  du r in g  

the  course  o f  t h i s  s tudy  a re  d e s c r i b e d  in  Tab le  1.



16.

Table  1.  B a c t e r i a ,  b a c t e r i o p h a g e s ,  and r e c o n b i n a n t  p l a s n i d s .

S t r a i n  D e s c r i p t i o n  Refe rence

H t t f B X --------------------------------------------------------------------------------------------------
C600 F - , t h l - 1 . t h r - 1 . leuB6. l a c T l . (Appleyard ,  1954)

supE44. tonA21.X-

HB101

JM103

X1776

F*",iLiiSM* ( r ~B.«"n)  recA13.
■ r» -14  , proA2. UcYT. i a T i r r
r£sL2£(si*)7xyl-5,Mtl-l, 
sopB44. X-

A(lac  p r o ) . t h l . s t r A . sopE. endA. 
sbcB, hsdR~. p 1t ra D 3 6 . proAB. 
l s c l q . lacZAM15

(Boyer and R o u i l l a n d -  
D nsso ix ,  1969)

(Messing e t  a l . ,
1981)

F~, t  onA53, dapD8. ■ i n A l . i l n r 4 4 .
( supE42) ,A(g a l m v r B ) 4 0 .X~. 
n_inB2, r f b - 2 , gyrA23. thyA142. o n s - 2 . 1977) .
aietC63. o n s - l . ( t t e - 1 ) .A(b i o H - s s d ) 29 
cycB2. cy c A l . hsdR2

( C u r t i s s  e t  a l . .

T1088
■ e tB . t r p R . tonA21 . proC pMC9)
la_cyi69. supB. snpF. h s d R - . hsdM+. 
■ e tB . t r p R . tonA21 . p roC : :Tn5(pl

bactbriophages
Charon 30 b l0 0 7 ,XHS4 .n ln 5 . d u p l( sbh2-3)

Xgt7 lac3(bS22.ninS)

X g t l l  l a c 3 . c I 8 S 7 . n i n 5 .S100

XgtVES.XB wan403. eaa l lO O. s»»100 . c I 8 5 7 .
R e q u i r e s  h o s t  b a c t e r i a  w i th  S upP

X1059 hXs,bs»XQ.b!89(lnt29.nin!44.
cI837.pac!29)A(Int-clll) KHS4

XAG18 X g t l l  w i t h  EcoRl  cDNA i n s e r t
o f  a l p h a - g a l a c t o s i d a s e  A

XAG1,XAG2, Lysogenic  f o r a  o f  XAG18
XAG3

XMQ1,
XMQ2

XC1,
XC2

( i n  Y1088; TN1614a)

Independen t  i s o l a t e s  c o n t a i n i n g  
genonic  a l p h a - g a l a c t o s i d a s e  A 
i n s e r t s  i n  Charon 30

Independen t  i s o l a t e s  f r o a  X1059 
genoa ie  l i b r a r y

(Young and D a v i s ,  
1983a) .

( R ia a  e t  a l . ,  1980)

(Young and D a v i s ,  
1983b)

(Leder  e t  a l . ,  1977)

(Earn e t  a l . ,  1980)

(Calhoun e t  a l . ,  
1985)

T h is  work

T h is  work

T h i s  work



Ttbl* 1. (cont.)

Veotor

PDtSSBS"
D e a c r i p t i o n Refe rence

pBR322 p l a a a i d  v e c t o r
( B o l i v a r  a t  a l . ,  1977; 
S u t c l i f f e ,  1978)

pAGIS pBR322 w i th  a l p h a - g a l a c t o e i d a a e  A (Calhoun a t  a l . ,  
cDNA 1 .2  kb EcoBl i n a a r t  198S)

pOCS, pDC9 p l a a a i d  v e c t o r a ( V i a r r a  and Meaaing, 
1982)

PUC9-18-5 pOC9 w i th  EcoBl  1 .2  kb a l p h a -  
g a l a c t o a i d a a e  A cDNA i n a c r t  
( i n  HB101; TNldlSa)

Thia  work

pDC9-18-3 aaae aa pDC9-18-S w i th  i n a a r t  
in  o p p o a i t a  o r i e n t a t i o n  ( i n  
HB101; TN1616a)

Th ia  work

pBC8-18-19 pDC8 w i th  EcoBl 1 .2  kb a l p h a -  
g a l a c t o a i d a a a  A cDNA i n a a r t  
( i n  C600; TN1619*)

T h ia  work

pDC8-18-20 aaae aa pUC8-18-6 w i th  i n a a r t  i n
o p p o a i t a  o r i e n t a t i o n  ( i n  C600; Thia  work 
TNl620a)

pcDX p l a a a i d  v e c t o r  c o n t a i n i n g  
cDNA i n a a r t a

(Okayama and 
Barg ,  1983)

pcDl -21 pcD c lo n e a  i a o l a t e d  aa p o a i t i v a  
t o  o l i g o n u c l e o t i d e  probaa

Thia  work

pSPRI p l a a a i d  v e c t o r ( I r y a t a l  e t  a l . ,  
1986)

pMQl, pSPRI c o n t a i n i n g  Sacl  i n a a r t
pMQ2 f r o a  XMQ1 and XMQ2,

r e a p a c t i v a l y
Thia  work



Table 1. (coat.)

Vec to r  D e s c r i p t i o n  Refe rence

B i r VBttoESS--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Ml3npl8,  c lo n in g  r e c t o r *  (Mess ing,  1983)
M l3npll

M23 M13npl8 w i th  1 .2  kb EcoRl
i n s e r t  o f  a l p h a - g a l a c t o s i d a s e  A (Bishop e t  e l . ,  1986) 
cDNA (sane  sense  as  nessagec)

M 25.2 1 . .22 ,  D e l e t i o n  d e r i v a t i v e s  of  M25 f o r  T h i s  work
and .28 sequence a n a l y s i s ;  F i g .  12.

M27 M13npl8 w i th  1 .2  kb EcoBl
i n s e r t  o f  a l p h a - g a l a c t o s i d a s e  A (Bishop e t  a l . ,  1986) 
( a n t i - n e s s a g e  sensec)

M 27.18, .1S ,  D e l e t i o n  d e r i v a t i v e s  of  M27 f o r  T h i s  work
. 3 0 , and .5 sequence a n a l y s i s ;  F i g .  12 .

nMQD M13npll  w i t h  1.26S kb Taol
genonic  i n s e r t  o f  a l p h a -  T h i s  work
g a l a c t o s i d a s e  A (sane  sense  
as  ne s sa g e c )

nMQL M13npll w i t h  1.26S kb Taol
genonie  i n s e r t  o f  a l p h a -  T h i s  work
g a l a c t o s i d a s e  A ( a n t i - n e s s a g e
s ensec )

nMQZ nMQD n in u s  the  22 n u c l e o t i d e  T h i s  work
p o l y l i n k e r  r e g io n  of  pSPRI

TN r e f e r s  t o  l a b o r a t o r y  nunbor  of  E.  c o l i  h o s t  s t r a i n  which c a r r i e
. i n d i c a t e d  p l a s n i d  o r  b a c t e r i o p h a g e .
° M13 v e c t o r s  and d e r i v a t i v e s  were grown in  JM103. c

The sane sense  as  ne s sa g e  neans  t h a t  t h e  b a c t e r i o p h a g e  M13 package 
the  s t r a n d  o f  t h e  hunan cDNA wi th  the  sane p o l a r i t y  as  nRNA, o r  i t  
s n t i - n e s s a g e  c o n p l e n e n t .



P u r i f i c a t i o n  t a d  A a ino  Ac id  S « a » i a c e  A n a l y s e s  o f  A l n h a -  

O a l a c t o s i d a s e  A. Bnaaa long a l p h a - g a l a c t o s i d a s e  A, p u r i f i e d  in  Dr.  

D.P.  B i s h o p ' s  l a b o r a t o r y  a c co rd ing  t o  the  ae thod  of  Bishop and Desnick

(1981) v i t h  s l i g h t  a io d i f i c a t i o n s  (Calhoun e t  a l . ,  198S),  was used f o r  

a a in o  a c id  sequence and c o a p o s i t i o n  a n a l y s e s .  Two independen t  

p r e p a r a t i o n s  of  95% pure a l p h a - g a l a c t o s i d a s e  A were sequenced in Dr.  

Leroy  f lood 's  l a b o r a t o r y  a t  The C a l i f o r n i a  I n s t i t u t e  o f  Technology by 

e x t r a p o l a t i o n  of  each a a in o  a c id  c o n c e n t r a t i o n  t o  i t s  z e r o - t i a e  v a lue

f r o a  2 4 - ,  4 8 - ,  and 72-hour  (h r )  hy d r o ly s e s  in  6 N BC1 a t  110°C.

P e r f o r a t e  a c id  o x i d a t i o n  was used f o r  a n a l y s i s  o f  c y s t e i n e  as c y s t e i c

a c id  and f o r  a e t h i o n i n e  as the  s u l f o n e  ( S i r s ,  1967) .  Aaino a c id

c o n c e n t r a t i o n s  were d e t e r a i n e d  in  a Durrua nodel  D-500 a n a l y z e r .  The 

t ry p to p h a n  c o n c e n t r a t i o n  was o b ta in e d  f r o a  the  r a t i o  o f  i t s  absorbance  

t o  t h a t  o f  t y r o s i n e  by the  s p e c t r o -  p h o t o a e t r i c  ae thod  of  Edelhoch 

(1967 ) .  Boaogeneous a l p h a - g a l a c t o s i d a s e  A was d i g e s t e d  w i th  t r y p s i n  

t r e a t e d  w i t h  t o s y l p h e n y l a l a n i n e  ch lo rom ethy l  ke tone  (A l le n ,  1981) or  

c l e a v e d  w i th  cyanogen b r o a i d e  (Gross ,  1967) ,  and the  p e p t i d e s  were 

i s o l a t e d  by r e v e r s e d - p h a s e  BPLC (Browne e t  a l . ,  1982) .  The a a in o  a c id  

sequences o f  the  a a i n o - t e r a i n a l ,  t r y p t i c ,  and cyanogen b ro a id e  p e p t i d e s  

were d e t e r a i n e d  by a u to a a t e d  gas -phase  a i c r o s e q u e n c in g  and HPLC

i d e n t i f i c a t i o n  of  the  p h e n y l t h io h y d a n t o in  d e r i v a t i v e s  of  the  a a in o  

a c i d s  as  d e s c r i b e d  by B u n k a p i l l e r  and flood (1983) .

S y n t h e s i s  o f  D e o x v o l l a o n u c le o t ld e  M i x t u r e s . Within the f i r s t  37 

a a in o  a c id s  of  the  a l p h a - g a l a c t o s i d a s e  A sequence and w i t h i n  an

i n t e r n a l  t r y p t i c  p e p t i d e ,  s e v e r a l  r e g i o n s  o f  low codon redundancy were 

i d e n t i f i e d  and u t i l i z e d  t c  s y n t h e s i z e  o l i g o n u c l e o t i d e  a i x t u r e s

c o r r e s p o n d in g  to  p r e d i c t e d  mRNA sequence .  O l ig o n u c l e o t i d e  m ix tu re s
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2A/2B ( F ig .  1; the  d e s i g n a t i o n  2A/2B r e f e r s  t o  a coa ib inat ion  of  

o l i g o n u c l e o t i d e  Mixtu res  2A and 2B) and o l i g o n u c l e o t i d e  Mixtu re  4 were 

p u r c h a s e d  froM A p p l i e d  B i o s y s t e u s  and New E n g l a n d  B i o l a b s ,  

r e s p e c t i v e l y .  O l i g o n u c l e o t i d e  Mixture 5 was c o n s t r u c t e d  f o r  us by Dr.  

P e t e r  Model.  R o c k e f e l l e r  U n i v e r s i t y .  The o t h e r  o l i g o n u c l e o t i d e  

Mix tures  were s y n th e s i z e d  in  the Mic robiology departMent  on a San One 

s y n t h e s i z e r  ( B i o s e a r c h ) .  u s ing  p h o s p h o t r i e s t e r  o r .  l a t e r ,  u s ing  

p h o s p h o r a a i d  i t e  c h e m i s t r i e s  w i t h  B e t a - c y a n o e t h y 1 

( U i so p r o p y l p h o s p h o r a m i d i t e s . O l i g o n u c le o t id e  m ix tu re s  were p u r i f i e d  by 

ge l  e l e c t r o p h o r e s i s  on 20% po lysc ry lam ide  g e l s  c o n t a i n i n g  8 M u rea  and 

DNA was l o c s l i z e d  by UV shadow-cas t in g .

1.  O l l a o n u c l e o t l d e  mix tu re  1A/1B. O l i g o n u c l e o t i d e  m ix tu re s  

1A and IB a re  23-mers (m ix tu re s  of  64 and 128 o l i g o n u c l e o t i d e  s p e c i e s ,  

r e s p e c t i v e l y )  s y n t h e s i z e d  to  correspond t o  amino a c id s  11 th rough  18. 

O l i g o n u c l e o t i d e s  1A and IB d i f f e r e d  in  t h a t  th e y  were s p e c i f i c  f o r  

l e u c in e  condons UUP (P -  p u r in e )  and CUN (N“ any n u c l e o t i d e ) ,  

r e s p e c t i v e l y .

2 .  O l l a o n u c l e o t l d e  Mixture  2A/2B. O l i g o n u c l e o t i d e  mixures  2A and 

2B, a r e  each composed o f  fou r  d i f f e r e n t  14-mers  spanning  amino a c id s  

19 th rough  23.  The complex i ty  o f  t h e s e  m ix tu re s  was reduced  by 

s e l e c t i n g  G f o r  the  f i r s t  n u c l e o t id e  codon f o r  l e u c i n e ,  based  on the  

f requency  (94%) o f  i t s  hunan codon usage (Grantham e t  a l . ,  1981) .

3 .  O l i i o n u c l e o t i d e  mix tu re  3 . Cor respond ing t o  an i n t e r n a l  

t r y p t i c  p e p t i d e  sequence ,  o l i g o n u c l e o t i d e  m ix tu re  3 i s  composed o f  96 

d i f f e r e n t  17-mers .



P a n e l  A.
- 5  -1  +1 S

Pro  Cly Ala Arg Ala Las Asp Asa Gly Lao Ala Arg
S'-TC CCT GOG OCT AGA OCA CTG GAC AAT GGA TTG OCA AGG

< P r a p a p t i d a  1 l -Matare  a l p h a - g a l a o t o s i d a s a  A— >

10 13 20
Thr  P ro  T i t  Mat Gly Trp Lao Hi* Trp Gla Arg Phe Mat Cya Asa Lao
ACG CCT ACC ATG GGC TGG CTG CAC TGG GAG CGC TTC ATG TGC AAC CTT-3•
 >

C A C T A A
(A) 3 1 -TAC CCN ACC AA GT ACC CG C AAA TAC AC TT GA-5'(A)

T G T G G G

A C T A G
(B) 3 '-TAC CCN ACC GAN GT ACC CT C AAG TAC AC TT GA-S'(B)

G T G G G
|  1 ,  ,

MIXTURE MIXTURE
1A/1B 2A/2B

G G
3 1 -ACC AN GT ACC CT-5'

I A A
MIXTURE 4 

G
3 '-TAC CCN ACC AN GTG ACC CT -5'

 ̂ A

MIXTURE 3

P a a a l  B.

1 3  10 15
Ala Lao Lao Gla  Aap Lya Aap Val I l a  Ala I l a  Asa Gla Aap P ro  Lao Gly

T A C A
S’-CGN TAA TT GT CT GO - 3 '

T G T G
|  1

MIXTURE 3

F i g .  1 .  S y n t h e t i c  o l i g o n o c l e o t i d e  a i z t o r a s .  P a a a l  A shows 
o l i g o o o c l o o t  Ida a i z t o r a s  s y n th e s i z e d  f r o a  the  a a in o  a c id  saqoence of  
a a in o  t e r a i n a l  f r a g a e n t  o f  tha  a l p h a - g a l a c t o s i d a s e  A p r o t e i n .  P ane l  B 
shows an o l i g o n o c l e o t i d e  a i z t o r e  s y n th s i z a d  f r o a  tha  a a in o  a c id  
saqoence o f  an i n t e r n a l  t r y p t i c  f r a g a e n t .  M iz to re s  ware 5 ' - l a b e l l a d  
w i t h  (Y32p]dAIP by T4 p o l y n o c l e o t i d e  k i n a s e  and n t i l i z a d  as 
h y b r i d i z a t i o n  p ro b es  t o  s c r e e n  cDNA and genoaic  l i b r a r i e s  f o r  c lo n e s  
w i th  co m p le ae n ta ry  s e q n en c e s .
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4 .  O l i x o n u c l e o t l d e  a i x t u r e  4 . T h i s  o l i g o n u c l e o t i d e  a i x t n r e  o f

16 d i f f e r e n t  1 4 - a e r s  spans sequences encoding a a in o  a c i d s  13 t o  17 o f  

a l p h a - g a l a c t o s i d a s e  A.

3.  O l i a o n u c l e o t i d e  a i s t u r e  3 . T h i s  a i z t u r e  was des ig n e d  t o  be

c o a p l e a e n t a r y  t o  sequences encoding ■l p b a - g a l a c t o s i d a s e  A a a in o  a c i d s  

11 t o  17 and c o n s i s t s  o f  32 d i f f e r e n t  2 0 - a e r s .

S y n t h e s i s  o f  Unions D e o x y o l i i o n u c l e o t i d e s . Unique o l i g o n u c l e o t i d e s ,  

as  opposed to  the  o l i g o n u c l e o t i d e  a i x t u r e s  d e s c r i b e d  above ,  were based  

on a l p h a - g a l a c t o s i d a s e  A cDNA n u c l e o t i d e  sequence o r  f r o a  genoa ic

n u c l e o t i d e  sequence ( F i g .  2 ) .  These were a l s o  s y n t h e s i z e d  in  the

M ic rob io lgy  d e p a r t n e n t  as  d e s c r i b e d  above .  Unique o l i g o n u c l e o t i d e s

were d i s t i n g u i s h e d  f r o a  a i x t u r e s  by l e t t e r  d e s i g n a t i o n s  coapared  t o  

n u n e r i c a l  d e s i g n a t i o n s  used  f o r  o l i g o n u c l e o t i d e  a i x t u r e s .

1.  O l i a o n u c l e o t i d e  H. Th i s  unique 2 3 - a e r ,  s y n t h e s i z e d  by

P e t r o s  Han tzopou los ,  spans n u c l e o t i d e s  encoding the  p r e p r o p e p t i d e  

c l e a v a g e  s i t e .  S p e c i f i c a l l y ,  i t  spans the  l a s t  s i x  n u c l e o t i d e s  encoding  

the  s i g n a l  sequence and the f i r s t  17 n u c l e o t i d e s  o f  the  p r o p e p t i d e  

sequence and i s  the  sane p o l a r i t y  as  ne s sa g e  RNA.

2 .  O l i i o n u c l e o t i d e  L . O l i g o n u c l e o t i d e  L was s y n t h e s i z e d  t o  read  

sequence towards the  s i g n a l  p e p t i d e  i n i t i a t i o n  codon and p r o a o t e r

r e g io n  o f  the  a l p h a - g a l a c t o s i d a s e  A gene .  I t  spans the  f i r s t  17 

n u c l e o t i d e s  encoding the  p r o p e p t i d e  and i s  c o a p l e a e n t a r y  t o  the

nessage  RNA.
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A.

-5  -1  +1 5
P r o  Gly Ala Arg Ala Lea Aap Aaa Gly Lao Ala Arg

S ' -  CCT GGG GCT AGA GCA CTG GAC AAT GGA TTG GCA AGG - 3 '

PKEPEPTIDB MATUSE ALPHA-GALACTOSIDASE A

S ' -  AGA GCA CTG GAC AAT GGA TTG|---------------------------------------------
H

G<j - 3 '

3 ' -  GAC CTG TTA CCT AAC CG - 5 '  

L

B.

344 358
3 ' -  ^GCAGGTGGTAAAGG - S '

M

680 696
5 ' -  CTCGGCTTAAACTCGG - 3 '

N

Pig* 2 .  Pniqne s y n t h e t i c  o l i g o n u c l e o t i d e s .  These were des ig ned  
f r o a  saqoence  d a t a  o f  the  cDNA c lone  (probe H) f o r  s c r e e n i n g  genoaic  
l i b r a r i e s  o r  f r o a  genoaic  c lone  saqoence d a t a  (L, M, and N) f o r  
se qaenc in g  i n t e r n a l  r e g io n s  o f  the  genonio c l o n e .  Naabers  above o l i g o -  
n a c l e o t i d e s  N and N (B) r e p r e s e n t  t h e  c o r r e s p o n d in g  n u c l e o t i d e  of  t h e  
a l p h a - g a l a c t o s i d a s e  A genoaic  c lone  ( F i g .  2 5 ) .
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3 .  O l i a o n u c l e o t i d e  M. O l ig o n u c l e o t i d e  M w i t  des igned  t o  b r id g e

i  gap in tbe  DNA sequence no t  covered  by d e l e t i o n  m u ta n t s .  T h i s  nniqne

1 5 - a e r  ( a n t i - a e s s a g e  sense )  spans n u c l e o t i d e s  344 t o  338 of  the  genoaic  

DNA sequence.

4 .  O l i a o n u c l e o t i d e  N. T h i s  1 6 - a e r  ( sane sense  as  ne s sa g e )  was 

c o n s t r u c t e d  t o  cove r  a gap in  the  genoaic  DNA sequence f r o a  n u c l e o t i d e s  

680 t o  696.

L a b e l l i n t  3 * -  Ends  o f  S y n t h e t i c  O l l a o n u c l e o t l d e s  w i t h  T4 

P o l y n u c l e o t i d e  C l n a a e . P r i o r  t o  u s e ,  50 pn o le  a l i q u o t s  o f  an 

o l i g o n u c l e o t i d e  were d i s s o l v e d  in  10 nM t r i e t h y l a m a o n i u a  b i c a r b o n a t e ,  

l y o p h i l i z e d ,  and s t o r e d  a t  -76°C in  1.5  a l  s i l i c o n i z e d  n i c r o f u g e  t u b e s .  

The r e a c t i o n  was c a r r i e d  out  in  t h e s e  tubes  w i th  t h e  a d d i t i o n  o f  18 pi  

d i s t i l l e d  w a t e r ,  5 p i  o f  101 k i n a t i o n  b u f f e r  ( 0 . 5  M T r i s - H C l ,  pH 7 .6  

c o n t a i n i n g  100 mM MgCl^; 50 nM d i t h i o t h r e i t o l ; 1 nM s p e r a i d i n e  and 1 nM 

EDTA), 2 pi  o f  T4 p o l y n u c l e o t i d e  k i n a s e  (10 u n i t s / p l )  and 25 pi  of  

[ y - ^ P l d A T P .  The in c u b a t io n  was p e r f o r n e d  a t  37°C f o r  30 n i n .  (Mazaa 

and G i l b e r t ,  1980) .  The i n c u b a t i o n  n i x t u r e  was pa s se d  ov e r  a spun 

c o lu a n  u s ing  Sephadex G-50 ( s u p e r f i n e )  a s  d e s c r i b e d  by M a n ia t i s  e t  a l .

(1982) t o  renove f r e e  ATP.

S e l e c t i o n  o f  H y b r i d i z a t i o n  and Waah T e m p e r a tu r e s . For  a l l  

o l i g o n u c l e o t i d e  a i x t u r e s ,  tbe  n e l t i n g  tempera t o r e  (Tn) was c a l c u l a t e d  

as  d e s c r i b e d  by Wallace (1981):  where T*= (2°C) (number A/T base  p a i r s )  + 

(4°C)(number G/C ba se p a i r s ) .  Since the  o l i g o n u c l e o t i d e s  a r e  composed 

o f  d i f f e r e n t  s p e c i e s ,  an average  Tm was c a l c u l a t e d  and h y b r i d i z a t i o n s
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and washes were done a t  5°C to  10°C below the  average  Tm. For  a l l  of  

t h e s e  expe r im en t s ,  op t im al  t em p e ra tu re s  were e a i p l r i c a l l y  d e t e r a i n e d  by 

s e q u e n t i a l  wash exper imen ts  o f  5°C increaients  in  t e m p e ra tu re  . A f t e r  

each i n c r e a s e  in  t e m p e r a t u r e ,  the  f i l t e r s  were exposed t o  X-ray  f i l m  

and the a u to r a d io g r a p h s  were examined f o r  comparison  o f  s i g n a l  t o  n o i s e  

r a t i o s .  The c a l c u l a t e d  Tm ranges  f o r  the  v a r i o u s  o l i g o n u c l e o t i d e  

m i x t u r e s  a r e :  o l i g o n u c l e o t i d e  m i x t u r e  1A/1B (60°C t o  69°C) ,

o l i g o n u c l e o t i d e  m ix tu re  2A/2B (34°C to  40°C) , o l i g o n u c l e o t i d e  m ix tu re  3 

(46°C to  53°C) , o l i g o n u c l e o t i d e  m ix ture  4 (40°C t o  46°C ) , and

o l i g o n u c l e o t i d e  m ix tu re  5 (57°C t o  62°C) .

P l a t i n i  the  Okayama and B er t  cDNA L i b r a r y  f o r  Sc reen inx  . The co lony  

h y b r i d i z a t i o n  method o f  Danahan and Meselson (1980) was used t o  s c r e e n  

the  human f i b r o b l a s t  cDNA l i b r a r y  of  Okayama and Berg (1983)  f o r  c lo n e s  

c o n t a i n i n g  sequencea complementary t o  the  s y n t h e t i c  o l i g o n u c l e o t i d e  

m i x t u r e s .  Agar p l a t e s  (ISO mm) c o n ta i n in g  a m p i c i l l i n  (25 | ig/ml) were 

p r e p a r e d ,  and n i t r o c e l l u l o s e  f i l t e r s  were sp read  w i th  0 . 2  ml o f  c e l l s  

t o  y i e l d  50,000 t o  100,000 c o l o n i e s  p e r  p l a t e .  T h i s  l i b r a r y  o f  10^ 

t r a n s f o r m a n t s  in  E. c o l i  s t r a i n  x~1776 (Okayama and Berg ,  1983) was 

sc reened  on 10 p l a t e s  t o t a l  f o r  each s c r e e n i n g .  When c o l o n i e s  reached  

0 .1  mm in d i a m e te r ,  r e p l i c a  f i l t e r s  were p r e p a r e d  from each  m a s t e r  

f i l t e r .  Al l  f i l t e r s  were r e t u r n e d  t o  p l a t e s  and i n c u b a te d  u n t i l  

c o l o n i e s  were 0 .5  mm in  d i a m e t e r .  At t h i s  p o i n t ,  t be  m a s t e r  p l a t e s  

were s to r e d  a t  4°C and served  as co lony s o u r c e s .  The r e p l i c a  f i l t e r s  

were t r a n s f e r r e d  t o  a g a r  p l a t e s  c o n t a i n i n g  ch lo ramphen ico l  (10 pg/ml)  

f o r  an a d d i t i o n a l  12 h r  t o  am pl ify  p lasm id  copy number. Tbe b a c t e r i a  

were ly sed  in  s i t u  by t r e a tm e n t  w i th  sodium dodecyl  s u l f a t e  and NaOH. 

The DNA was then f i x e d  to  tbe  f i l t e r s  by bak ing  in  a vacuum oven f o r



26.

2 h r  a t  80°C.

H y b r i d i z a t i o n  o f  cDNA F i l t e r s  w i th  [ v - ^ * P 1 - l a b e l l o d  O l i z o n u c l e o t i d e s . 

F i l t e r s  were p l a c e d  in  he a t  s e a l a b l e  Kapak poaches  (8 inches  z 9 .5  

i n c h e s ) ,  f i v e  f i l t e r s  maximum p e r  poach ,  w i t h  10 n l  of  h y b r i d i z a t i o n  

e o l a t i o n  c o n t a i n i n g  6X SSPE ( 0 .9  M NaCl; 0 .0 6  N sod inn  p h o s p h a te ,  pH 

7 . 4 ;  6 nM EDTA), 51 D e n h a r d t ' s  s o l u t i o n  (0 .1% F i c o l l ,  0 .1%

p o l y v i n l y p y r r o l i d o n e ,  0.1% bovine s e r o a  a l b n a i n ,  0 .4S M NaCl and 0.045  

M sodium c i t r s t e ,  pH 7 .0 )  and 0.5% sod ia n  dodecyl  s u l f a t e .  The poaches 

were then s e a l e d  and incuba ted  f o r  2 h r  in  a 68°C w a te r  b a th  fo l lowed 

by a 2 h r  i n c u b a t io n  a t  the  a p p r o p r i a t e  h y b r i d i z a t i o n  t e s i p e r a t o r e . One 

c o r n e r  o f  the  pouch was c u t  and the  p r e h y b r i d i z a t i o n  s o l u t i o n  squeezed 

o u t .  The pouch was then r e f i l l e d  w i th  8 n l  o f  h y b r i d i z a t i o n  s o l u t i o n  

c o n t a i n i n g  3 0 0 , 0 0 0  t o  1 0 , 0 0 0 , 0 0 0  c p m / n l  o f  [ y ^ P l - l a b e  1 l e d  

o l i g o n u c l e o t i d e  n i x t u r e  and r e s e a l e d .  Pouches were r e t u r n e d  t o  a 

shaking  w a te r  b a t h  a t  the  a p p r o p r i a t e  t e m p e ra tu re  and incuba ted  f o r

16-18 h r .

P r o c e s s i n z  F i l t e r s  Fo l low inz  H y b r i d i z a t i o n . The n i t r o c e l l u l o s e  

f i l t e r s  were washed a t  the  a p p r o p r i a t e  h y b r i z a t i o n  tem pe ra tu re  u s ing  

t h r e e  changes o f  1500 n l  o f  6X SSC ( 0 . 9  M NaCl,  0 .0 9  M sodium c i t r a t e ) .  

Each o f  the  t h r e e  washes was done in  p l a s t i c  c o n t a i n e r s  p l a c e d  in  a 

shak ing  w a te r  b a t h  (60 r e v o l u t i o n s  p e r  m inu te)  f o r  1 h r .  A f t e r  a i r  

d r y i n g ,  a u to r a d io g r a p h y  of  tbe  f i l t e r s  was accompli shed  by ezposu re  

t o  Kodak XAK f i lm  wi th  one o r  two Cronex L i g h t n i n g - p l u s  i n t e n s i f y i n g  

s c re e n s  a t  -70°C f o r  v a r i o u s  t imes ( s e v e r a l  hou rs  t o  a few days)  u n t i l  

t h e  d e s i r e d  ezposu re  was a c h ie v e d .



I s o l a t i o n  and P u r i f i c a t i o n  o f  cDNA C o l o n i e s . P o s i t i v e  c o l o n i e s ,  as  

d e t e r a i n e d  by h y b r i d i s a t i o n  e x p e r i a e n t s  v a ra  raaaapaadad  i a  b r o t h ,  and 

apraad oa f i l t a r a  a t  a d a a a i t y  o f  a p p r o z i a a t a l y  500 e o l o a i a a  p a r  

f i l t a r .  Tha sc re e n in g  p rocedure  waa r a p a a t a d  u n t i l  w a l l  i a o l a t a d ,  

h y b r i d i z a t i o n  p o s i t i v e  e o l o a i a a  v a ra  o b t a i n a d .  P l a a a i d  DNA vaa 

a a p l i f i a d  and r ecovered  aa d e a c r ib e d  by C u r t i a a  a t  a l .  ( 1977) .

S c r a a n in a  Xa t7 .  XxtWES.XB. and X1059 Genoaic  L l b r a r i a a  . Three

32huaan X chroaoaoaa  phage l i b r a r i a a  v a ra  ac reened  v i t h  [ y -  P ] - l a b e l l e d  

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

h y b r i d i z a t i o n  t echn ique  of  Benton and Davis (1 9 7 7 ) .  Tha l i b r a r i e s  were 

aa f o l l o v s :  i )  A Xgt7 phage l i b r a r y  o b t a in e d  f r o a  D r .  M. S i n i a c a l c o  and 

Dr.  P .  Szabo o f  the  Sloan K e t t e r i n g  L a b o r a t o r i e s  ( S i n i a c a l c o  e t  a l . ,

1982) ,  c o n t a i n i n g  80 ,000-100,000 d i f f e r e n t  7 -14  k i l o b a s e s  (kb)  EcoRI  

i n s e r t s  f r o a  a souse  (A9/HKBc2)-huaan h y b r id  l i n e ,  i i )  a XgtWES.XB 

l i b r a r y  o b t a i n e d  f r o a  Dr.  B. V i l l i a n s o n  of  S t .  M ary 's  H o s p i t a l  Medical 

Schoo l ,  London, (Davies  e t  a l . ,  1981) ,  c o n t a i n i n g  50 ,000  r e c o a b in a n t a  

t h a t  vaa p r e p a r e d  f r o a  EcoBl  d i g e s t i o n  o f  f l o v  s o r t e d  huaan X 

c h ro a o a o a ea ,  and i i i )  a X10S9 l i b r a r y  o b t a i n a d  f r o a  Dr.  Hovard J .  Cooke 

o f  the  U n i v e r s i t y  of  Edinborough,  S c o t l a n d ,  (unp u b l i s h ed )  c o n t a i n i n g  

BaaHI  d i g e s t e d  f l o v  s o r t e d  X chroaosoae  DNA v i t h  70 ,000  i n d i v i d u a l  

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

20 ,000  t o  30 ,000  p laque  f o r a i n g  u n i t s ,  u s in g  10 p l a t e s  (150 aa )  p e r  

l i b r a r y .  P l a q u e s  ve re  t r a n s f e r r e d  t o  n i t r o c e l l u l o s e  f i l t e r s ,  d e n a tu re d  

in  NaOH, n e u t r a l i z e d ,  baked and h y b r i d i z e d  aa d e a c r i b e d  f o r  co lony  

h y b r i d i z a t i o n  above .



I s o l a t i o n  and P u r i f i c a t i o n  o f  X1039 mad Xnt7 Oeaoalc  C l o n e s . P o s i t i v e  

phage ,  d e t e r a i n e d  by h y b r i d i s a t i o n  a i g n a l s ,  were i s o l a t e d  us ing  the  

l a r g e  end o f  a s t e r i l e  p a s t e u r  p i p e t t e ,  reauapended in  b r o t h ,  t i t e r e d ,  

and r e p l a t e d  a t  a d e n a i t y  o f  500 t o  1000 p laque  f o r a i n g  u n i t e  p e r  

p l a t e .  These p l a t e s  were r e s e r e e n e d  aa d e s c r i b e d  above and t h i s  

p u r i f i c a t i o n  p ro ce d u re  vaa r e p e a t e d  u n t i l  we l l  i s o l a t e d ,  h y b r i d i s a t i o n  

p o s i t i v e  p l a q u e s  were o b t a i n e d .

P e t e r a i n a t i o n  o f  I n s e r t  S i s e  f r o a  cDNA and Genoaiic C l o n e a . P l a s a i d  

DNA was i s o l a t e d  f r o a  p o s i t i v e  cDNA c l o n e s  (Okayaaa and Berg l i b r a r y )  

by the  a l a k a l i n e  r a p i d  e x t r a c t i o n  siethod of  B i r n b o ia  and Doly (1979) 

and phage DNA was i s o l a t e d  by the  s n a i l  l y s a t e  a e th o d  o f  Leder  e t  a l . ,  

( 1977) .  P l a s a i d  DNA vas d i g e s t e d  v i t h  BsnHI r e s t r i c t i o n  ensyae 

endonuc lease  t o  r e l e a s e  the  cDNA i n s e r t .  The cDNA i n s e r t  s i s e s  ve re  

e s t i n a t e d  by e l e c t r o p h o r e s i s  o f  d i g e s t e d  DNA on 1.0% a g a ro s e  g e l s  a long  

v i t h  a o l e c u l a r  v e i g h t  B a rke r s  of  the  a p p r o p r i a t e  s i s e  r a n g e .  S i n i l a r l y ,  

d i g e s t i o n  o f  t h e  X c lo n e a  v i t h  e i t h e r  EcoBl  (Xgt7 c lo n e s )  o r  BsnHI 

(X1059 c lo n e a )  r e l e a s e d  the  l e f t  and r i g h t  a r a s  f r o a  t h e  genoaic  

i n s e r t .  S i s e  e s t i n a t e s  f o r  genoaic  c lo n e s  v e re  d e t e r a i n e d  by 

e l e c t r o p h o r e s i s  o f  d i g e s t e d  DNA on 0.7% aga rose  g e l s  c o n t a i n i n g  the  

a p p r o p r i a t e  a o l e c u l a r  v e i g h t  B a r k e r s  ( i . e .  H i n d l l l ,  EcoRI . and P s t I  

d i g e s t e d  v i l d  type  X DNA).

Ana lyses  o f  cDNA and Genoaic  Clones  by  Southern  H y b r i d i s a t i o n . DNA 

f r o a  p o s i t i v e  cDNA and genoaic  c lo n e s  vas  d i g e s t e d  v i t h  s e v e r a l  

r e s t r i c t i o n  e n d o n u c le s s e s  t o  g e n e r a t e  i n s e r t  f r s g a e n t s  o f  v a ry in g  

l e n g t h s .  DNA vas  e l e c t r o p h o r e s e d  on 0.7%, 1.0%, o r  1.7% a g a ro s e  g e l s ,  

s t a i n e d  v i t h  e t h i d i u a  b r o a i d e  ( 0 .5  p g / a l )  t o  l o c a l i s e  bands ,  snd



t r a n s f e r r e d  t o  Ze tab ind  ny lon aeab ra ne  u s in g  0.02S M todlust  phospha te  

b u f f e r ,  pH 6 . 3 ,  a c co rd ing  t o  the  method o f  S o u tb e m  (1 9 7 3 ) .  Tbe 

■esibranes v e r e  p revasbed  in  0.1X SSC (0 .013  N NaCl, 0 .0013 M sod iun  

c i t r a t e )  and 0.1% sod iua  dodecyl  s u l f a t e  (300 a l  p e r  f i l t e r )  a t  68°C 

f o r  1 b r .  P i l t e r s  v e re  t r a n s f e r r e d  t o  b e a t  s e a l a b l e  Kapak pouches and 

p r e h y b r i d i a a t i o n ,  h y b r i d i z a t i o n ,  and vash  c o n d i t i o n s  v e re  c a r r i e d  out  

as  d e s c r i b e d  above f o r  s c re e n in g  cDNA l i b r a r i e s .

P r i a a r  E x t e n s i o n  P s i n t  Polv(A) aBNA T c a p l a t e s . The 5 ' -  ends of  

o l i g o n u c l e o t i d e  a i x t u r e s  2A/2B and 4 v e re  l a b e l l e d  v i t h  [y-^^P]dATP 

us ing  T4 p o l y n u c l e o t i d e  k in a s e  as  d e s c r i b e d  above .  Tbe cDNA vas 

s y n t h e s i z e d  in  30 aM T r i s - H C l ,  pH 8 . 3 ,  c o n t a i n i n g  1-2 n a o le  

[ y - 3 2 p ] _ i a b e n e d  o l i g o n u c l e o t i d e  p r i a e r ,  130 p g / a l  p o ly (A ) + aRNA, 10 aN 

d i t h i o t h r e i t o l , 30 aM NaCl, 60 |ig o f  bovine  s e ru n  a l b u a i n / a l ,  600 pM 

each  o f  the  f o u r  u n l a b e l l e d  deox y n u c le o t id e  t r i p h o s p h a t e s  and 400 u n i t s  

o f  r e v e r s e  t r a n s c r i p t a s e / a l  (Noyes e t  a l . ,  1979; Sood e t  a l . ,  1981) .

A n a l y s i s  o f  alNA P r i a e r  E x te n s io n  P r o d u c t s . An equa l  vo luae  

( u s u a l l y  3 p i )  o f  load ing  b u f f e r  (8 M u r e a ,  0.03% zy le n e  c y a n o l ,  and 

0.03% broaopheno l  b lu e )  vas  added t o  t h e  s y n t h e s i z e d  cDNA p r o d u c t s .  

The a i z t u r e  va s  h a s t e d  a t  90°C f o r  2 a i n  and l a y e r e d  on a 12.3% 

( v t / v o l )  p o l y a c r y l a a i d e  g e l  c o n t a i n i n g  7 M u r e a .  E l e c t r o p h o r e s i s  vas  

pe r fo rmed  in  50 nM T r i s - b o r a t e  b u f f e r ,  pH 8 .3  and 1 aiM EDTA as 

d e s c r i b e d  by  Noyes e t  a l .  ( 1 9 7 9 )  and  Sood e t  a l .  ( 1 9 8 1 ) .  

A u to rad iog raphy  vas  accompli shed  by ezposure  o f  the  g e l  t o  Codaz XAR 

f i l n  a t  -70°C f o r  v a r i o u s  t i n e s  ( e . g .  3 h r  t o  2 d a y s ) .  I n d i v i d u a l  cDNA 

p r o d u c t s  v e re  s l i c e d  f r o a  the  ge l  and sequenced a c c o rd in g  t o  the  

t e c h n iq u e  o f  Maxaa and G i l b e r t  (1980) by L i s a  Traub and Harold



B e r n s t e i n .  DNA sequence was compared t o  known a a in o  a c i d  sequence  

d a t a .

DNA Sequence A n a l y s i s  o f  Okayama and Bern cDNA C lo n e a . The cDNA 

c l o n e s  w h i c h  h y b r i d i z e d  t o  s o r e  t h a n  one  o f  t h e  s y n t h e t i c  

o l i g o n u c l e o t i d e  a i x t u r e s  o r  th o se  which h y b r i d i z e d  w i th  g r e a t  i n t e n s i t y  

(above the  ave rage  T a ) ,  v e re  s u b j e c t e d  t o  DNA sequence  a n a l y s i s  by the  

e n z y a a t i c  method o f  Sanger  e t  a l .  (1977) o r  t h e  c h e a i c a l  method o f  

Maxaa and G i l b e r t  ( 1980) .

Antibody S c r e e n in a  o f  t h e  X z t l l  cDNA L i b r a r y . Homogeneous

a l p h a - g a l a c t o s i d a s e  A p r o t e i n  (Bishop and D esn ick ,  1981) was i n o c u l a t e d  

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

a n t i b o d i e s  which were absorbed  and t i t e r e d  aa d e s c r i b e d  by Calhoun e t  

a l .  ( 1985 ) .  The huaan l i v e r  cDNA l i b r a r y  vas  p r o v id e d  by T .  Chandra 

and S .L .C .  Woo, Bay lo r  C o l l ege  o f  M ed ic ine .  T h i s  l i b r a r y ,  which
7

c o n t a i n s  a p p r o x i a a t e l y  1 .4  X 10 independen t  c l o n e a ,  vas  p l a t e d  and 

s c reened  in  Dr.  D.F .  B i s h o p ' s  l a b o r a o r y ,  as  d e s c r i b e d  (Young and D a v i s ,  

1983a;  de Wet e t  a l . ,  1984;  Young and D a v i s ,  1983b) .

C h a r a c t e r i z a t i o n  o f  X a t l l  cDNA C lo n e a . A n t i b o d y - p o s i t i v e  cDNA 

c lo n e s  were s u b j e c t e d  t o  a n t i b o d y  c o a p e t i t i o n  s t u d i e s  t o  d e m o n s t r a t e  

b i n d in g  s p e c i f i c i t y  and t o  Sou thern  b l o t  a n a l y s e s  t o  i d e n t i f y  i n s e r t  

f ragments  t h a t  h y b r i d i z e d  t o  s y n t h e t i c  o l i g o n u c l e o t i d e s  (Calhoun e t  

a l . ,  1985) .  One p o s i t i v e  c l o n e ,  d e s i g n a t e d  XAG18 v i t h  an EcoRl i n s e r t  

o f  1 .2  kb ,  was subc loned  t o  pBR322 by P e t r o s  Hantzopoulos  and 

d e s i g n a t e d  pAG18 (Calhoun e t  a l . ,  1985; Tab le  1 ) .



F l m H  p AOIS Con ta ine r  t > i  A a t b u t t o  A l p h » - C » l i c t o » U i n  A cDNA

I n s e r t . The method of  McGrav (1984) va a  used  t o  o b t a i a  tba

a a in o - t« r a i I n a l  cod ing  cDNA sequence by p r im e r  e z t e n s i o n  s t i n g  s y n t h e t i c

o l i g o n u c l e o t i d e  m iz tu re  2B ( F ig .  1 ) .  O l i g o n u c l e o t i d e s  2A and 2B v e re  

32I f "  P ] - l a b e l l e d  as  d e s c r i b e d  e a r l i e r  and annea led  s e p a r a t e l y  t o  b e a t  

d e n a tu re d  pAG18 pl ass i id  DNA by p l a c i n g  th e  a i i z tu r e s  i n  a 100°C v a t e r  

b a th  f o r  3 n i n  and then  p lung ing  i n t o  i ce  f o r  5 si i n .  DNA sequence vas  

o b t a in e d  by the  a d d i t i o n  o f  the  Klenov f r a g a e n t  o f  DNA po lymerase  I  and 

the  a p p r o p r i a t e  d i d e o z y n u c le o t id e s  v i t h  subsequen t  e l e c t r o p h o r e s i s  on a 

20% po lyac ry la m ide  ge l  c o n ta i n in g  8 N u r e a .  E l e c t r o p h o r e s i s  vas  done 

a t  70 V a t t s  ( c o n s t a n t  pover)  f o r  3 h r .  The ge l  vas  ezposed t o  Kodak 

XAR f i l m  v i t h  t v o  Cronez L i g h t n i n g - p l u s  i n t e n s i f y i n g  s c r e e n s  a t  -70°C 

f o r  18, 36,  and 144 h r .  The DNA sequence vas  compared t o  the  knovn 

amino t e r m in a l  amino a c id  sequence of  the  a l p h a - g a l a c t o s i d a s e  A p r o t e i n  

f o r  v e r i f i c a t i o n  o f  i d e n t i t y .  The DNA sequence  in  t h i s  r e g i o n  o f  the

cDNA of  pAG18 vas  confirmed  ( P e t r o s  Han tzopou los ,  Ph.D.  t h e s i s )  u s ing

the  method of  Mazaa and G i l b e r t  ( 1980) .

P r e p a r a t i o n  o f  XAG18 Lysoten  o f  B. c o l i  s t r a i n  T1088 . A pproz im a te ly  

7 X 10 p laque  forming u n i t s  o f  XAG18 v e r e  added t o  100 | il  o f  an

o v e r n i g h t  c u l t u r e  o f  E. c o l l  s t r a i n  T1088. A f t e r  a d s o r p t i o n  a t  37°C 

f o r  15 min, the  m iz tu re  vas  t r a n s f e r r e d  t o  a 125 a l  E h r l e n a e y e r  f l a s k  

c o n t a i n i n g  20 ml NZ-CYM medium (M a n ia t i s  e t  a l . ,  1982) .  The c u l t u r e  

vas  incuba ted  a t  30°C f o r  f i v e  hours  then  d i l u t i o n s  o f  10 * th rough
_7

10 v e re  p r e p a r e d  and 100 p i  o f  each  d i l u t i o n  vas  p l a t e d  on a TT p l a t e  

(M a n ia t i s  e t  a l . ,  1982) u s ing  a s t e r i l e  g l a s s  rod t o  d i s p e r s e  the  

l i q u i d .  P l a t e s  v e re  incuba ted  o v e r n i g h t  a t  30°C.  V e i l  i s o l a t e d  s i n g l e  

c o l o n i e s  ve re  t r a n s f e r r e d  t o  tvo  s e p a r a t e  YT p l a t e s  v i t h  s t e r i l e



t o o th p ic k *  in  a g r i d  f a s h io n  (SO t o t a l ,  aach  colony s t r e a k e d  on bo th  

p l a t e s  in  sane nuabe red g r i d  f o r  i d e n t i f i c a t i o n ) .  One p l a t e  was 

incuba ted  a t  42°C and one p l a t e  a t  30°C. C o lon ies  growing a t  30°C b n t  

no t  a t  42°C were p u r i f i e d  t h r e e  t i n e s  a t  30°C, w i th  r e p l i c a s  t e s t e d  a t  

42°C a f t e r  each p u r i f i c a t i o n  round.

S u b c lo n ln t  the  1 .2  kb EcoRI P r a a n e n t  Encodlna A lp h a -O a la c to s id a s e  A. 

I n  a 10 | il  r e a c t i o n ,  1 |ig o f  pUC9 was d i g e s t e d  w i th  10 u n i t s  o f  EcoRI  

in  high  s a l t  a s s a y  b u f f e r  (M a n ia t i s  e t  a l . ,  1982) c o n t a i n i n g  100 siM 

NaCl, 50 nM T r i s - H C l ,  pH 7 . 3 ,  10 aM MgCl2 , and 1 nM d i t h i o t h r e i t o l ) . 

The r e a c t i o n  a i x t u r e  was incuba ted  a t  37°C f o r  2 .S h r  and one t h i r d  o f  

the  r e a c t i o n  was ana ly zed  on a 0.7% aga rose  g e l  a t  ISO v o l t s  (V) f o r  1 

h r  t o  t e s t  f o r  l i n e a r i z a t i o n  o f  the  p l a s a i d .  To i n h i b i t  s e l f  l i g a t i o n ,  

the  p l a s a i d  DNA was d e p hospho ry la te d  w i t h  c a l f  i n t e s t i n a l  p h o s p h a ta s e  

as  d e s c r i b e d  by M a n ia t i s  e t  a l .  ( 1982 ) .  I n  a 20 |il r e a c t i o n ,  EcoRI  

d i g e s t e d  pUC9 (28 ng) was coab ined  w i th  EcoRI  d i g e s t e d  XAG18 (S00 ng) 

w i th  1 u n i t  o f  l i g a s e  i n  l i g a s e  b u f f e r  (50 aM T r i s -H C l ,  pH 7 . S ,  10 aM 

NgClj ,  20 aM d i t h i o t h r e i t o l ,  1 aM ATP, and 50 |ig of  bov ine  s e r u a  

a l b u a i n / a l ) .  The r e a c t i o n  vas  incuba ted  o v e rn ig h t  a t  16°C and 

t r a n s f o r a e d  i n t o  E.  c o l i  s t r a i n  HB101 Bade c o a p e t e n t  as  d e s c r i b e d  by 

Hanahan (1 9 8 3 ) .  P l a s a i d  DNA vas e x t r a c t e d  f r o a  t r a n s f o r a e d  c o l o n i e s  

( B i rn b o ia  and Doly ,  1977) ,  d i g e s t e d  w i th  EcoRI . and e l e c t r o p h o r e s e d  on 

a 0.7% aga rose  g e l  a t  150 V f o r  1 h r  t o  t e s t  f o r  p resence  o f  t h e  1 .2  kb 

a l p h a - g a l a c t o s i d s s e  A cDNA i n s e r t .  I n s e r t  o r i e n t a t i o n  a n a l y s i s  was 

pe rformed by d i g e s t i o n  o f  p l a s a i d  DNA w i th  Rsa l  fo l lowed by a g a ro s e  ge l  

e l e c t r o p h o r e s i s  and comparison o f  DNA bands ( c lone s  v e re  d e s i g n a t e d  

pUC9-18-19 and pUC9-18-20; Table  1 ) .  The pUC9 recombinant c lo n e s  v i t h  

the  1 .2  kb a l p h a - g a l a c t o s i d a s e  A cDNA i n s e r t  in  b o th  o r i e n t a t i o n s  were



i d e n t i f i e d .  The 1 .2  kb a l p h a - g a l a c t o s i d a s e  A Ecot l  f ragment  was 

c lone d  i n t o  pUC8 ae d e s c r i b e d  f o r  c l o n i n g  i n t o  pUC9, however ,  

r e c o n b i n a n t  p l a s n i d s  were t r a n s fo rm ed  i n t o  P .  c o l l  s t r a i n  C600 ( c l o n e s  

were d e s i g n a t e d  pOC8-18-S and pUC8-18-3; Tab le  1 ) .

C o n e t r a c t i o n  o f  M13mnl8 D e l e t i o n  D e r i v a t i v e s . The 1 .2  kb BcoEI 

f r a g n a n t  o f  p l a e a i d  pAG18 vaa snbc loned  i n t o  M13mpl8 (Messing,  1983) in  

b o th  o r i e n t a t i o n s  and d e l e t i o n  s n b c lone s  were nade ac co rd ing  t o  the  

method o f  Dale  e t  a l .  (198S) in  Dr .  D .F .  B i s h o p ' s  l a b o r a t o r y .

N o e le o t id e  Seoaence A n a l y s i s  o f  M13mnl8 D e l e t i o n  8n b o lo n as . The 

d e l e t i o n  snbc lones  (M2S.21, M23.22, M25.28, M27.15, M27.18, M27.30, and 

M27.5; Table  1) were sequenced by the  aiethod o f  Sanger  e t  a l .  (1977) 

n s in g  th e  M13 u n i v e r s a l  p r im e r  ( 1 7 -m e r ) .

Compoter A na lyses  o f  t h e  A l p h a - G a la c to s l d a s e  A cDNA I n s e r t . 

Ove r lapp ing  n u c l e o t i d e  sequences  were a l i g n e d  on a microcomputer  u s in g  

th e  MicroGenie program (Beckman).  P r o t e i n  s t r u c t u r a l  a n a ly s e s  and DMA 

and amino a c i d  homology s e a r c h e s  o f  t h e  N a t i o n a l  I n s t i t u t e s  o f  H e a l th  

GenBank and th e  N a t i o n a l  Biomedical  R ese a rc h  F ounda t ion  p r o t e i n  d a t a  

base  were pe rfo rmed  in  F e b r u a r y ,  1986, u s in g  IFIND/ALIGN programs on 

the  B ione t  Network ( I n t e l l i g e n e t i c s ) .

S c r o e n l n t  t h e  C h a r o n  30 Genomic L i b r a r y  w i t h  a P n l a a e  5 1-  

O l l a o n u c l e o t l d e  P r o b e . A Charon 30 4X human genomic l i b r a r y ,  

k a ry o ty p e d  49 ,  H U T , was o b t a i n e d  from W il l i am Wood (Wood e t  a l . ,  

1984) .  The l i b r a r y  was p l a t e d  a t  a d e n s i t y  o f  2 X 10^ phage p e r  ISO mm 

p e t r i  d i s h  (IS d i s h e s  t o t a l )  and s c re e n e d  a t  SS°C wi th  l y ^ ^ P l - l a b e l l e d



o l i g o n u c l e o t i d e  H ( P i g .  2 ) .  Phage DNA was t r a n s f e r r e d  t o  ny lon  

■enbranea by a p rocedo re  adap te d  f ro *  the  atethod o f  Benton and Davis 

( 1 9 7 7 ) .  A nylon  f i l t e r  was p l a e e d  on the a ga r  f o r  two t o  t h r e e  n i n  and 

o r i e n t a i o n  marks v e re  e s t a b l i s h e d  by s t a b b in g  a n e e d l e  t h rongh  th e  

f i l t e r  and a g a r  i n  as  asymmetric p a t t e r n .  The f i l t e r  was t h e n  

t r a n s f e r r e d  t o  a g l a s s  d i s h  c o n t a i n i n g  200 ml o f  O.S M NaOH. A f t e r  two 

min the  f i l t e r  vas  t r a n s f e r r e d  t o  a second g l a s s  d i s h  c o n t a i n i n g  200 ml 

o f  1 . 0  M T r i s - H C l ,  pB 7 . 5 .  The f i l t e r  vas  n e u t r a l i z e d  f o r  two min and 

t h e n  p l a c e d  on b l o t t i n g  p a p e r  t o  d r y  a t  room t e m p e r a t u r e .  

B y b r i d i z a t i o n  and wash p r o c e d u r e s  v e re  done a s  d e s c r i b e d  above .  Tvo 

s t r o n g l y  h y b r i d i z i n g  phage ,  d e s ig n a t e d  XMQ1 and XMQ2 (Tab le  1 ) ,  v e re  

i d e n t i f i e d  and p laque  p u r i f i e d  t h r e e  t i n e s .

C h a r a c t e r i z a t i o n  o f  Charon 30 Genomic C lo n e s . Phage DNA, i s o l a t e d  

by the  l i q u i d  c u l t u r e  method ( M a n ia t i s  e t  a l . ,  1982) ,  vaa ana lyzed  by 

endonuc lease  d i g e s t i o n  v i t h  v a r i o u s  r e s t r i c t i o n  enzymes and by Southern  

b l o t  h y b r i d i z a t i o n  a n a l y s e s .  DNA vas e l e c t r o p h o r e s e d  on 0.7% aga rose  

g e l s ,  s t a i n e d  v i t h  e th id iu m  bromide (0 .5  p g / n l )  t o  l o c a l i z e  DNA ba n d s ,  

and t r a n s f e r r e d  t o  Z e t a b in d  ny lon  membranes u s in g  0 .0 2 5  M sodium 

phospha te  b u f f e r ,  pB 6 . 5 .  These b l o t s  ve re  sc re e ne d  v i t h  e n d - l a b e l l e d  

p robe  H a t  55°C, p robe  2B a t  32°C, o r  n i c k  t r a n s l a t e d  (Rigby e t  a l . ,  

1977) DNA from pAG18 a t  68°C.

Subc lon lna  a Genomic Praament  from Pha te  XJtQl t o  P la sm id  pSPRI. 

D i g e s t i o n  o f  phsges  XMQ1 and XMQ2 v i t h  SacI  g e n e ra t e d  DNA f ragm ents  o f  

a p p ro x im a te ly  5 .3  kb t h a t  s t r o n g l y  h y b r id i z e d  t o  p robe  H, p robe  2B, and 

n i c k  t r a n s l a t e d  pAG18. T h i s  Sac l  f ragment  o f  phage XMQ1 vaa  subc loned  

i n t o  the  Sacl  s i t e  o f  p l a s m id  pSPRI ( K r y s t a l  e t  a l . ,  1986) ,  p rov ide d  by



Mark K r y s t a l .  Recombinant c lo a a s  v a ra  d e te c te d  by e l e c t r o p h o r e s i s  o f  

u n d ig e s te d  p lasm id  DMA on 0.7% agarose  g e l s  a 30 V f o r  18 h r .  

U nd iges ted  DNA sam ples M ig ra ting  s lo v e r  th a n  u n d ig e s te d  pSPRI v e c to r  

DNA v e re  a n a ly z e d  f o r  i n s e r t s  u s in g  r e s t r i c t i o n  e n d o n u c le a se s .  

D ig e s t io n  o f  p l s s a i id  DNA v i t h  Sacl  f o l lo v e d  by Sou thern  b l o t  

h y b r i d i z a t i o n  a n a ly s e s  u s in g  o l ig o n u c le o t id e  B. 2B. o r  n ic k  t r a n s l a t e d  

p lasa i id  pAG18 a s  d e s c r ib e d  e a r l i e r ,  i d e n t i f i e d  tvo  pSPRI c lo n e s  (pMQl 

and pMQ2; Tab le  1) c o n ta in in g  the  5 .3  kb Sacl  f ra g m en t .  Sou thern  b l o t  

h y b r i d i z a t i o n  a n a l y s i s  o f  Tael  d ig e s te d  p lasm id  DNA f ro n  pMQl and pMQ2. 

u s in g  o l ig o n u c le o t id e  H as a h y b r id i z a t io n  p ro b e ,  i d e n t i f i e d  a s t r o n g l y  

h y b r id i z in g  subfraga ien t o f  a p p r o z in s te ly  1 .2  kb .

S u b c l o n i n a  a 1 . 2  kb T a g !  G enon lc  P r a z n e n t  i n t o  M 1 3 m p ll . 

A pp roz ia ia te ly  50 |ig o f  DNA froai p l a s a i d  pMQl. d ig e s t e d  v i t h  T a d , vas  

loaded  i n t o  a p r e p a r a t i v e  v e i l  (4 cn v id e )  and e le c t r o p h o r e s e d  on 1.7% 

ag a ro se  g e l  s t  150 V f o r  2 .5  h r .  A p o r t i o n  o f  th e  lane  (ap p ro x ia m te ly  

10%) vas  e z c i s e d  from the  g e l .  s t a in e d  v i t h  e t h i d i u a  b r o n id e ,  and 

p ho tog raphed  v i t h  a r u l e r  a long  th e  e d g e .  The 1 .2  kb TsqI  f ragm ent v a s  

i d e n t i f i e d  and l o c a l i z e d  on the  r u l e r .  A DEAE c e l l u l o s e  membrane vas  

i n s e r t e d  2 cm in  f r o n t  o f  th e  u n s t s in e d  p o r t i o n  o f  th e  g e l  c o n ta in in g  

th e  1 .2  kb TagI  f ra g m e n t .  E l e c t r o p h o r e s i s  vas  c o n t in u e d  a t  200 V f o r  10 

m in. DNA vas e l u t e d  from th e  membrane as  d e s c r ib e d  recommended by  th e  

m a n u f s c tu r e r .  S p e c i f i c a l l y ,  the  DEAE c e l l u l o s e  membrane vas  p la c e d  in  

a 1 .5  ml m ic r o c e n t r i f u g e  tube  v i t h  enough h ig h  s a l t  b u f f e r  (0.15M NaCl; 

0 .1  mM EDTA; 20 mM T r i s .  pH 8) to  c o v e r  th e  membrane. The tu b e  vas  

spun f o r  5 seconds in  a m ic ro c e n t r i fu g e  t o  submerge th e  membrane, and 

in cu b a ted  a t  68°C f o r  20 min v i t h  o c c a s io n a l  s v i r l i n g .  The b u f f e r  vas  

removed v i t h  a p a s t e u r  p i p e t t e  and the  membrane vasbed  v i t h  an



a d d i t i o n a l  100 |i l  o f  h igh  a a l t  b n f f a r .  DNA vaa p r e c i p i t a t e d  v i t h  2 .S  

v o lu ae s  o f  e th a n o l  (20 Bin a t  -70°C) and p r e c i p i t a t e d  v i t h  0 .3  M ao d in a  

a c e t a t e  to  reaove r e s i d u a l  NaCl. The p u r i f i e d  Taol  f r a g n e n t  o f  1 .2  hb 

vas  suboloned i n to  the  AccI  s i t e  o f  M13apll (M essing, 1983) in  b o th  

o r i e n t a t i o n s .

A n a ly s is  o f  M13npll Clones f o r  th e  Charon 30 Oonoalc I n s e r t . M13apll 

d e r i v a t i v e s  v e re  ana lyzed  f o r  th e  p re s e n c e  o f  th e  1 .2  kb Taql  genoaic  

fragm ent from p lasm id  pMQl. The r e p l i c a t i v e  f o r a  o f  M 13apll c lo n e s  

v e re  d ig e s te d  v i t h  Taol and e le c t r o p h o r e s e d  on 0.7% ag a ro se  g e l s .  The 

o r i e n t a t i o n s  o f  the  Taol f r a g a e n ta  o f  r a n d o a ly  chosen c l o n e s ,  vas  

de te rm ined  by th e  d ideozy  sequencing  s e th o d  (Sanger e t  a l . ,  1 9 77 ) .  

C lones v e re  d e s ig n a te d  nMQU (packages th e  s t r a n d  v i t h  th e  saae  sense  as 

a e s s a g e )  and mMQL (packages th e  o p p o s i t e  s t r a n d ,  a n t i - n e s s a g e  s e n s e ) .  

The p o l y l i n k e r  r e g io n s  o f  p l a s a i d  pSPRI and M13apll v e re  reaoved  from 

c lo n e  mMQU to  e l i a i n a t e  th e  p o t e n t i a l  f o r a a t i o n  o f  a s t e a  and loop 

h a i r p i n  s t r u c t u r e  by the  s in g l e  s t r a n d e d  DNA. The r e p l i c a t i v e  f o r a  o f  

DNA f r o a  c lone  aiMQU vas d ig e s t e d  v i t h  Sacl .  l i g a t e d  v i t h  T4 l i g a s e ,  and 

tra n s fo rm ed  i n to  E .c o l i  s t r a i n  JM103. DNA from M13apll c lo n e s  v e re  

an a ly z e d  f o r  th e  p re s e n c e  o f  BamHI  and Smal  r e s t r i c t i o n  enzyme s i t e s ,  

v h ic h  a r e  o n ly  p r e s e n t  in  th e  p o l y l i n k e r  r e g io n s  o f  pSPRI and M 13apll .  

C lones v h ich  had l o s t  th e  p o l y l i n k e r  r e g io n s  v e re  d e s ig n a te d  mMQZ 

(Table  1 ) .

N u c le o t id e  8eoucnclna  o f  th e  Charoa 30 Oenomlo P ra am e n t . D e le t io n  

c lo n e s  o f  M13apll d e r i v a t i v e s ,  mMQU and mMQL, v e re  g e n e ra te d  by th e  

a e th o d  o f  Dale e t  a l .  (1985 ) .  D e le t io n  c lo n e s  v e re  s i z e d  by 

e l e c t r o p h o r e s i s  o f  s in g l e  s t r a n d e d  DNA on 0.7% ag a ro se  g e l s  a t  30 V f o r



18 k r  and coaparad  t o  DNA f r o a  aMQU (and* la  ted  1 .2  kb i n a e r t )  and 

M13apll (ao  I n a e r t ) .  Seventeen  d e l e t i o n  e lonea  v e re  sequenced by the  

a e th o d  o f  Sanger e t  a l .  (1977) na lng  [ a - 3SS]dNIPs and the  M13 u n i v e r s a l  

p r i a e r  ( 1 7 -a e r )  and the  KD22 o l ig o n u c le o t id e .  F iv e  a y a th e t i e  

o l ig o n u c le o t id e  p r i a e r a  ( F ig s .  1 , 2 and 24) ve re  u t i l i s e d  t o  com ple te  

th e  aequence n o t  o b ta in e d  f r o a  d e l e t i o n  a u ta n ta  o r  t o  c o n f i r a  aequence 

a l r e a d y  o b ta in e d .

Coaputer  Analyaee o f  th e  Charon 30 Oenoaic F r a a a e n t . O verlapp ing  

n u c le o t id e  sequences v e re  a l ig n e d  u s in g  the  MicroGenie p r o g ra a  

(B eckaan) . DNA and a a in o  a c id  hoaology se a rc h e s  v e re  i n i t i a l l y  done 

u s in g  FAST? and FASTN (L ipaan  and P e a rso n .  1985) v i t h  th e  P r o t e i n  

I d e n t i f i c a t i o n  Resource P r o t e i n  L ib ra r y  ( v e r s io n  7) and th e  GenBank 

n u c le o t id e  sequence d a ta  bank ( v e r s io n  4 0 ) .  r e s p e c t i v e l y .  The d a ta  

base  s e a rc h  vas  r e p e a te d  u s in g  MicroGenie v i t h  th e  S e p te a b e r .  1986 

r e l e a s e s  o f  th e  GenBank and N a t io n a l  B io a e d ic a l  R esea rch  F o u n d a t io n  

d a t a  b a n k s .  S i g n a l  p e p t i d e  p r o t e i n  s t r u c t u r a l  a n a l y s i s  and 

h y d r o p h i l i c i t y  a a t r i z  a n a ly s e s  v e re  p e r f o m e d  u s in g  th e  MicroGenie 

p r o g r a a .  The r e g io n  o f  hoaology f la n k in g  th e  ATG i n i t i a t i o n  codon o f  

huaan ly s o a o a a l  genes vas  d e te c te d  u s in g  M icroGenie. A c o m p i la t io n  o f  

s ig n a l  p e p t id e  sequences  (V a tson , 1984) vas used  a s  a gu ide  to  o b t a i n  

th e  c o rre sp o n d in g  n u c le o t id e  sequences  o f  42 huaan s i g n a l  p e p t i d e s .  

S u b se q u e n tly ,  th e  Quest r o u t in e  o f  B ione t  vas used  t o  g e n e ra te  a f i l e  

c o n ta in in g  133 huaan genes v i t h  coaip lete  n u c le o t id e  sequences  o f  th e  

s ig n a l  p e p t i d e s ,  and th e s e  v e re  e z aa in ed  f o r  hoao logy  t o  th e  huaan 

a lp h a - g a l a c to s i d a s e  A s ig n a l  p e p t i d e .



RESULTS

A a l io  Acid 8»o m m i  o f  A l t h - f l » l i o t o i U t i >  A. T r e a t a e n t  o f  th e  

p u r i f i e d  enzyae v i t h  N -g ly ea n a se ,  radvoad th a  a o l a c o l a r  v e ig h t  o f  th a  

d e g ly c o s y la t e d ,  ao n o a a r ic  enzyae f r o a  a p p r o z i a a t a ly  45 ,000  t o  

a p p r o z i a a t a ly  41 ,800  ( F ig .  3 ) .  Tha a a in o  a c id  c o a p o a i t i o a  a a a ly a a a  o f  

two p r e p a r a t i o n *  o f  hnaan a l p h a - g a l a c to s i d a s e  A v a ra  d a t a r a i a a d  (T ab la  

2 ) .  Based on an e s t i a a t e d  s u b u n i t  a o l a c o l a r  v e ig h t  o f  4 1 ,8 0 0 ,  i t  vaa 

c a l c u l a t e d  t h a t  the  a l p h a - g a l a c to s i d a s a  A s u b u n i t  c o n ta in s  370 a a in o  

a c i d s .  M icrosequencing  o f  th a  n a tu r e  enzyae p ro v id e d  a a i n o - t e r a i n a l  

sequence o f  23 r e s id u e s  ( F i g .  1 ) .  In  a d d i t i o n ,  tvo  cyanogen b ro a id a  

and f i v e  t r y p t i c  p e p t id e s  v e re  s u b seq u e n t ly  sequenced , p r o v id in g  a a in o  

a c id  sequence d a ta  f o r  a t o t a l  o f  101 r e s id u e s  ( a p p r o z i a a t a l y  27% of 

the  n a tu r e  e n z y a e ) .  S y n th e t ic  o l i g o n u c le o t id e s  v a ra  c o n s t r u c te d  based  

on th e  aa ino  a c id  sequence d a ta  in  reg io n s  o f  lov  codon redundancy 

(F ig .  1 ) .

S c re e n in a  t h e  Okavaaa and Bera cDNA L ib ra r y  v i t h  O l i a o n u o l e o t i d e s . 

The f i r s t  o l ig o n u c le o t id e  a i z t u r e  s y n th e s iz e d  vas  2A and 2B (2A/2B), 

and each  v e re  c o a p r i s e d  o f  f o u r  d i f f e r e n t  1 4 -a e r s  v i t h  a Ta range o f  

34°C t o  40°C. H y b r id iz a t io n  c o n d i t io n s  v e re  s e l e c t e d  5°C t o  10°C b e lo v  

the  l o v e s t  T a ,  and the  s t r i n g e n c y  vas  in c re a s e d  d u r in g  s c re e n in g  and 

p u r i f i c a t i o n  t o  i d e n t i f y  c lo n e s  t h a t  a o s t  l i k e l y  had a p e r f e c t  B atch  to  

one a e a b e r  o f  the  o l ig o n u c le o t id e  a i z t u r e .  These c o n d i t io n s  vou ld  be 

e z p ec ted  to  i d e n t i f y  the  a u th e n t i c  a lp h a - g a l a c to s i d a s e  A cDNA c lo n e ,  as 

v e i l  a s  cDNA c lo n e s ,  t h a t ,  by c h an ce ,  h y b r id iz e d  t o  one o r  a o re  a e a b e r s



39.

F i g .  3 .  N -glycanaae  d i g e s t i o n  o f  hoaan long a lp h a - g a l a c to s i d a s a  
A. Lanas 1 and 4 ,  1 .0  |ig each o f  th a  s ta n d a r d s :  ph o sp h o ry laaa  b ,  
94 ,000 ;  bov ine  s a rn a  a lbna iin ,  67 ,000 ;  o v a lb o a in ,  4 3 ,0 0 0 ;  and c a rb o n ic  
a n h y d ra sa ,  3 0 ,0 0 0 .  Lana 2 ,  0 .4 0  |ig o f  p n r i f i a d  a lp h a - g a l a c to s i d a s a  A. 
Lana 3 ,  0 .3 4  ng d e g l y c o s y l a t e d  a l p h a - g a l a e t o a i d a s e  A. Tha
d e g ly c o s y la te d  enzyae B ig ra te d  v i t h  an a p p a re n t  a o l a c o l a r  w e igh t to  
41 ,8 0 0  ( f r o a  Calhoon a t .  a l . ,  198S).



T ab le  2 .  Aaiao ao ld  o o a p o a i t io n  o f  a lp h a - g a l a c to e id a e e  A. 
Molea r e s id o e a  p a r  s o l a  su b u n it

Kesidue
Prep

1
Prep

2
Average

i n t e g r a l  no .

P r e d i c t e d
n a to r e
p r o t e i n

Asx 4 1 .2 45 .7 44 46
Thr 16.1 13 .4 IS 11
Ser 24 .2 21 .7 23 21
Glx 38 .9 3 5 .8 37 37
Pro 19.1 18 .4 19 18
Cly 2 8 .9 29 .8 29 30
Ala 2 5 .8 27 .2 27 28
Val 19 .2 13.7 16 15
Met 7 .4 8 .7 8 13
H e 15.3 18 .8 17 20
Lea 36.3 37.7 37 34
Tyr 15 .9 14.3 15 15
Phe 14.9 14.3 15 15
Hie 7 .0 9 .0 8 6
Lye 16.1 15.1 16 16
Arg 18.7 15.5 17 17
Cye 9 .1 9 .6 9 12
Trp 14 .9 13 .4 14 16

Aaino a o id  c o m pos i t ion  a n a ly s i s  p r e d i c t s  a s o b o n i t  a o l a c o l a r  w eigh t 
o f  41 ,800  w i th  an e s t im a te d  370 a a in o  a c id  r e a id n e a  p e r  a lp h a -  
g a l a c t o s i d a s e  A monomer. T h is  i s  compared t o  th e  a a ia o  a o id  
c o m p o s i t io n  o f  th e  p r e d i c t e d  a a t o r e  p r o t e i n  (based  on genomic 
n n e l e o t id e  sequence and o a r b o x y - t e r a in a l  p r o c e s s in g  a t  amino a c id  371 
(Arg) o f  th e  p r o p e p t i d e ,  see t e x t ) .  The M l e e u l a r  w e ig h t  o f  th e  
p r e d i c t e d  n a to r e  p r o t e i n  i s  42 ,307 and c o n ta in a  370 a a in o  a c id s  
r e s i d u e s .



o f  the  o l ig o n u c le o t id e  a i z t u r e .  Oar r a t i o a a l a  was t o  a a l a e t  o lo ae a  

w i th  a aacoad o l ig o n u c le o t id e  a i x t n r e  ( i . a .  4) t o  a l i a i a a t a  a p a r io a a  

c l o a a a  f r o a  f a r t h a r  a n a l y s e s .  S u b s e q u e n t l y ,  o t h a r  s y n t h e t i c  

o l i g o n u c le o t id e  a i z t o r a a  wara o o a a t r a c ta d  to  v a r io u s  s e g a e n ts  o f  th a  

p e p t i d e ,  a ia o a  t h a r a  waa a a c a r t a i a t y  to  tha  i d a a t i t y  o f  s e v e r a l  a a ia o  

a c id  r a a i d a a a .  T h ia  a a c a r t a i a t y  waa daa to  th a  l i a i t a d  q u a n t i t i e s  o f  

p a r i f i a d  enzyae a v a i l a b l e  f o r  a ic r o a a q a a a c i a g .  Tha haaaa  f i b r o b l a a t  

cDNA l i b r a r y  o f  Okayaaa and Barg (1983) waa a c raaaad  f o r  c lo a a a  w ith  

aaqaaacaa  c o a p le a e n ta ry  t o  o l ig o o n c le o t id e  a i z t u r e  2A/2B ( F ig .  4 ) .  Upon 

c o lo a y  p a r i f i c a t i o a  (F ig .  5) and r e s c r e e n in g ,  20 t r a n a f o r a a n t a .  named 

pcD l-2 0 ,  wara i d a a t i f i a d .  R a a t r i c t i o a  enzyme an a ly a e a  o f  p l a a a i d  DNA 

f r o a  c lo n aa  pCDl-20 d ig a a ta d  w ith  S a i l  ( F ig .  < ) ,  P a t l .  BaaHI .  Hael l l .  

aad Saa3AI i a d i c a t e d  t h a t  th a  cDNA i n a e r t a  raagad  f r o a  100 t o  2S00 baae  

p a i r a .

Sowthara B lo t  H y b r id lz a t io a  A nalyses  o f  a l a a a id a  o c D l-2 0 . S ou thern  

b l o t  h y b r i d i z a t i o a  w ith  l y - * * P ] - l a b e l l e d  o l ig o a u c l a o t id a  a i z t a r a  2A/2B 

t o  DNA f r o a  p l a a a id a  pcD l-20 , d ig a a ta d  a a p a r a t a l y  w i th  Sau3AI o r  

Haal l l .  r e v e a le d  t h a t  th aa a  c lo a a a  d id  a o t  ahara  coaaoa  r a a t r i c t i o a  

f r a g a a a t a .  H y b r id iz a t io a  o f  th aa a  f i l t a r a  w i th  [ y - ^ * P ] - l a b e l l e d  

o l ig o a u c l a o t id a  a i z t a r a  4 r e v e a le d  b i a d i a g  to  DNA f r o a  c lo a a  p cD l,  b a t  

a o t  to  DNA f r o a  c lo a a a  pcD2-pcD20. T h ia  r a a o l t  vaa c o a f i r a e d  by 

d u p l i c a t e  S ou the rn  b l o t  a a a ly a e a  o f  DNA f r o a  c lo a a  pcDl d ig a a ta d  v i t h  

H a a l l l  o r  Saa3AI h y b r id iz e d  t o  [ y - ^ P ] - l a b e l l a d  o l ig o a u c l a o t id a  

a i x t u r e s  2A/2B o r  4 ( F ig .  7 ) .  T h ia  e x p e r i a e a t  i a d i c a t e d  t h a t  

o l i g o a u c l a o t id a  2A/2B and 4 h y b r id iz e d  t o  tha  aaaa  Haal l l  aad San3AI 

f ra g m e n ts .
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F i g .  4 .  S c reen in g  o f  th e  O k i y u i  and Berg (1983) cDNA 
l i b r a r y .  P a n e ls  A and B a ra  a n to ra d io g ra p h e  o b ta in e d  a f t e r  exposure  to  
f i l t e r s  washed a t  25oc o r  28<>C, r e s p e c t i v e l y .  Arrows i n d i c a t e  c o lo n ie s  
which were chosen  f o r  p u r i f i c a t i o n .  The arrow s in  p a n e l  C show sone o f  
th e  s in g l e  c o lo n ie s  s e l e c t e d  f o r  f a r t h e r  a n a ly s e s .  P a n e l  D shows
h y b r i d i z a t i o n  w i th  o l ig o n n c le o t id e  2A/2B a t  25oc (H. B e r n s te in ,  
u n p u b l ish e d )  to  a Xgt7 genonic  l i b r a r y  ( S in i s c a l c o  e t  a l . ,  1 9 82 ) .
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F i g .  5 .  P u r i f i c a t i o n  o f  c lone  p cD l.  P a n e l  A above an 
a u t o r a d i o g r a p h  a f t e r  h y b r i d i z a t i o n  v i t h  [ y - 3 2 p ] - l a b e l l e d  
o l ig o n n c le o t id e  m ix tu re  2A/2B ( F ig .  1) a t  28oC. P an e l  B above an 
a u to r a d io g r a p h  o f  a p a r a l l e l  experim ent t o  c lo n e  pcD19, a p u r i f i e d  
n e g a t iv e  o o n t r o l .  F i l t e r a  v e re  expoaed t o  Kodak XAR f i lm  a t  -70oc  f o r  
18 h .  C u l tu re  vaa c o n a id e re d  p u re  vhen e v e ry  co lony  on th e  f i l t e r  
h y b r id iz e d  t o  th e  o l i g o n u c l e o t i d e .  Arrov i d i c a t e a  a v e i l  i a o l a t e d  
a in g l e  co lo n y  a e l e c t c d  f o r  aubeequent e x p e r i a e n t a .
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F i g .  6 .  S a i l  r e s t r i c t i o n  enzyae a n a l y s i s  o f  p la s a i id s  pcD l-1 0 .  
Lanes 1-10 ; pcD l-10  DNA d i g e s t e d  w i th  S a i l .  Lanes 11-13 ; a o l e c o l a r  
w eight B a rke rs  o f  lambda DNA d i g e s t e d  w i th  EcoKl. Hindl l l .  and P a t l .  
r e s p e c t i v e l y .  Arrows i n d i c a t e  ( i n  kb) s i z e  o f  c o rre sp o n d in g  DNA 
f r a g a e n t .



P u t l  i P u i l  B

Probe 2A/2B Probe 4 Probe 2A/2B P ro b t  4

S H 5  H  S  H S H

P i * .  7 .  Sou thern  b l o t  an a ly se *  o f  pcDl d i t e s t e d  w i th  S*u3Al 
(S) o r  H g e l l l  (H ) . P ane l  A ahows p a r a l l e l  l a n e s  o f  a 1.7% a g a ro se  g e l  
s t a i n e d  w i th  e t h i d i u a  b ro n id  b e fo r e  S ou the rn  b l o t  a n a l y s i s .  P a n e l  B 
showa th e  a u to ra d io g ra p h s  a f t e r  t r a n s f e r  and h y b r i d i z a t i o n  t o  p robe  
2A/2B a t  23oc o r  p robe  4 a t  2SoC. The 8au3AI r e s t r i c t i o n  enzyae d i g e s t  
o f  poDl i d e n t i f i e d  a band o f  a p p r o x i a a t e ly  400 n u o le o t id e s  and th e  
H g e l l l  r e s t r i c t i o n  enzyae d i g e s t  i d e n t i f i e d  a band o f  a p p r o z i a a t a ly  ISO 
n u o le o t id e s  t h s t  bound b o th  p r o b e s .



H » e U o tH «  o f  t>« cDNA f r o a  o l a s a l  d n c D l . A d d i t io n a l

Southern  b l o t  h y b r id i z a t io n  a n a ly s i s  o f  BsmHI d ig e s t e d  pcDl p l a s u i d  DNA 

re v e a le d  a 411 base  p a i r  f r a g u e n t  which showed h y b r i d i z a t i o n  t o  

o l ig o n u c le o t id e  a i z t u r e a  2A/2B and 4 .  T h ia  411 b ase  p a i r  f ragm en t  was 

c loned  i n to  M13ap7 and sequenced by the  a e th o d  o f  Sanger e t  a l .  (1977) 

to  de te rm ine  i f  i t  encoded the  known aa in o  t e r a i n a l  a a in o  a c id

sequence . I t  was found t h a t  the  BaaHI  f r a g a e n t  f r o a  c lo n e  pcDl had a

13 o f  14 base  p a i r  n a tc h  t o  one a e a b e r  o f  o l i g o n u c le o t id e  a i z t u r e  2A/2B

and a 12 o f  14 base  p a i r  n a tc h  t o  one member o f  o l i g o n u c le o t id e  a i z t u r e  

4 ( F ig .  8 ) .  Using the  e m p i r ic a l  form ula o f  W allace (1 9 8 1 ) ,  minus 10°C 

f o r  an i n t e r n a l  m ism atch, the  e s t im a te d  Tm f o r  p lasm id  pcDl w i th  th e  

a o s t  hoaologons a e a b e r  o f  o l ig o n u c le o t id e  a i z t u r e a  2A/2B and 4 were 

24°C and 30°C, r e s p e c t i v e l y .  T h is  r e s u l t  i l l u s t r a t e s  an in h e r e n t  

l i m i t a t i o n  o f  the  a iz e d  o l ig o n u c le o t id e  approach  f o r  s c re e n in g  

l i b r a r i e s ,  s in c e  i t  i s  im poss ib le  to  d i s t i n g u i s h  betw een a p e r f e c t  

a a t c h  w ith  an A-T r i c h  sequence , compared to  a p a r t i a l  n a tc h  t o  a G-C 

r i c h  seq u en ce .  We i n t e r p r e t e d  th e s e  r e s u l t s  t o  i n d i c a t e  t h a t  an 

a u th e n t i c  f u l l  l e n g th  a lp h a - g a l a c to s id a s e  A cDNA c lo n e  was n o t  d e te c te d  

by o l ig o n u c le o t id e  a i z t u r e  2A/2B d u r in g  th e  s c re e n in g  p ro c e d u re  and th e  

l i b r a r y  was r e s c r e e n e d .

K c s c rc e n in t  th e  Okayama and Bera cDNA L i b r a r y  a t  I n c r e a s e d  

S t r i n a e n c v . The cDNA l i b r a r y  o f  Okayama and Berg (1983) was 

r e s c re e n e d  a t  th e  in c re a s e d  s t r i n g e n c y  o f  31°C w i th  [ y - ^ ^ P l - l a b e l l e d

o l ig o n u c le o t id e  a i z t u r e s  2A/2B. One t r a n s f o r m a n t ,  d e s ig n a te d  pcD21, 

was i d e n t i f i e d  t h a t  h y b r id iz e d  to  p robe  2A/2B a t  34°C fo l lo w in g  co lony



1 20 40 40
S ' -  68ATCC66T88T86T6CAAATCAAA6AACT6CTCCTCA6T66AT6TT6CCTTTACTTCTA

80 . 100 . 120 
68CCT6TAC8BAA8T6TTACTTCT6CTCTAAAA6CTBCT8CA88688888668B666ACA

140 . 160 . 180
6CACTC6A88ATBACAT86A8TCCCA8CT86AC88CTCCCTCATCTCAC6BC868CA8TT

AA

200 . 220 . 240
TAT6TBT8ACCT86ACACA6ACA8A8ACABA8CCA86TCC68CCCTCCT6CCCCC6ACCT 
ATACACATT88A
 t  PROBE 2A/2B

260 . 280 . 300
6ACCAC8CC86CCT888TTTCA88CT86TT66ACTT6TTC8TCT88AC6ACACT86ABT8

320 . 340 . 360
6AACACT6CCTCCCACTTTCTT866ACTT68A668A8BT68AAC68CACACT68ACTTCT

380 . 400
CCC6TCTCTA686CT6CAT6666A6CCCC6666A6CT6A6T66T6666ATCC -3‘ 

ACC6AC6TAACCCT 
*--------•----PROBE 4

F i g .  8 .  N u c le o t id e  sequence o f  t h e  cDNA o f  p l e s a i d  pcD l.  
D u p l ic a te  S o u th e rn  b l o t  a n a l y s i s  r e v e a le d  t h a t  a 411 n n c le o t id e  BaaHI  
f r a g n e n t  bo n n d  o l i g o n n o l e o t i d e  n i z t n r e  2A/2B a t  25 o c  and 
o l ig o n u c le o t id e  a i z t u r e  4 a t  28o<j ( F ig .  7 ) .  T h is  f r a g a e n t  vas  c lo n e d  
i n t o  M13ap7 and  t h e  c o a p l e t e  n u c l e o t i d e  s e q u e n c e  i s  show n . 
C o a p le a e n ta ry  eequenoee v e re  i d e n t i f i e d  in  th e  n u c l e o t id e  aequence o f  
pcDl v i t h  a 13 o f  14 base  p a i r  a a t c h  t o  one a e a b e r  o f  o l i g o n u c le o t id e  
a i z u r e  2A/2B and a 12 o f  14 b ase  p a i r  n a tc h  t o  one a e a b e r  o f  
o l i g o n n o le o t id e  a i z t u r e  4 .  The dashed (— ) l i n e  i n d i c a t e s  a n a tc h  and 
th e  e s t e r i c k  ( • )  i n d i c a t e s  a a i s a a t c h  in  th e  seq u en ce .



p u r i f i c a t i o n  and r e h y b r i d i x a t i o n .  Sou thern  b l o t  b y b r id i x a t i o n  a n a ly a ia  

o f  c lo n a  pcD21 d ig a a ta d  v i t h  s e v e r a l  r a a t r i e t i o n  e n s y a e s ,  re v e a le d  a 

220 n n c la o t id a  H i n f l - H a a l l l  f ragaian t which b y b r id ix a d  t o  proba  2A/2B. 

Subsequent n n o la o t id a  sequence o f  t h i a  220 baaa  p a i r  f r a g a a n t  by th a  

a a th o d  o f  Naxaa and G i l b a r t  (1 9 8 0 ) .  i n d io a ta d  a p a r f a c t  a a tc h  t o  ona 

a e a b e r  o f  o l i g o n u c le o t id e  a i x t n r a  2A/2B ( F ig .  9 ) .  v i t h  a c a l c u l a t e d  Ta 

o f  38°C. B ovavar. th a  f l a n k in g  n u c la o t id a a  o f  c lo n a  pcD21 d id  n o t  

c o rre sp o n d  to  tha  known a a in o  a c id  codons f o r  huaan a lp h a - g a l a c to s id a s a  

A. T h is  r e s u l t  i l l u s t r a t e s  a n o th e r  l i a i t a t i o n  o f  tha  n ixed  

o l ig o n u c le o t id e  approach  f o r  s c re e n in g  l i b r a r i e s .  s p e c i f i c a l l y ,  

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

o l i g o n u c le o t id e  a i x t u r e  can be s e l e c t e d .  Although th e s e  f i r s t  two 

c lo n e s  s e l e c t e d  f r o a  th e  Okayaaa and Berg l i b r a r y  were n o t  a u t h e n t i c ,  

th e  r e s u l t s  d id  p ro v id e  e v idence  t h a t  tha  t e c h n iq u e s  used were adequate  

to  i d e n t i f y  the  d e s i r e d  c lo n e  i f  i t  v e re  p r e s e n t  and w a l l  i s o l a t e d .  In  

a d d i t i o n ,  p l a s a i d s  pcDl and pcD21 p ro v id e d  i n t e r n a l  c o n t r o l s  f o r  

su b sequen t  s c r e e n in g s  u s in g  o l ig o n u c le o t id e  2A/2B.

S c re e n ln a  o f  Xat7 and X1039 Genoaic L i b r a r i e s . The aouse-huaan  X 

ch roaosoae  Xgt7 phage l i b r a r y  ( S in e s c a lc o  e t  a l . ,  1982) vas  s c reen ed  

u s in g  o l ig o n u c le o t id e  a i x t u r e  2A/2B a t  28°C, and 10 p o s i t i v e  c lo n e s  

were i d e n t i f i e d  and p laq u e  p u r i f i e d .  R e s t r i c t i o n  enxyae a n a l y s i s  o f  

th e s e  phage i n d ic a te d  t h a t  th e  i n s e r t  s ix e s  ranged f r o a  ( . 8  kb t o  9 .6  

k b .  D u p l ic a te  S ou the rn  h y b r i d i s a t i o n  a n a ly s e s  o f  th e s e  10 EcoRI 

d i g e s t e d  Xgt7 phage to  p ro b es  2A/2B and 4 ,  i n d i c a t e d  t h a t  o n ly  one 

phage showed p o s i t i v e  h y b r i d i s a t i o n  s ig n a l s  t o  b o th  p r o b e s .  However, 

s t  31°C, th e  h y b r i d i s a t i o n  s ig n a l s  t o  b o th  o l ig o n u c le o t id e s  became



49.

A.

a lp h a -  IS 20
g a la e to a id a a a  A TrpLeaHiaTrpGluArgPheMetCyaAaaLeaAapCyeGlaGlaGlaFro 

X X X X X X II m i l l  111III  X I I I  X X X X 
poD21 AlaSerAapGlyArgAaaPheMerCyaAaaLeuSerCyaThrThrLeaPhe

B.

pcD21 GGCTAGTGACGCTAGGAATTTCATCTGTAACCTAAGAACAACTCTCTTCA
CCGATCACTGCCATCClTAAAGrACACATTGGATTCITGTTGAGAGAAGT

•e e ee e e ee e e ee e

T a-  38°C

F i g .  9 .  N u c le o t id e  l e q s t a e e  o f  tha  cDNA o f  p l a a a i d  pcD21. Sbova 
la  a p o r t i o a  o f  th a  a n c l a o t i d a  aeqaeace (B) f l a a h i a g  th a  p roba  2B 
c o a p le a e a t a r y  r a g io a  ( • • • )  o f  p l a a a i d  pcD21. Tha c a l c u l a t e d  Ta f o r  
t h i a  p e r f e c t  a a t c h  ia  38 C. B eaeath  th e  a a ia o  t e r a i a a l  a a ia o  a c id  
aeqaeace  o f  a lp h a -  g a la e to a id a a a  A i a  ahowa th e  deduced a a ia o  a c id  
aequeace f r o a  th e  a n c l e o t i d e  aeqaeace o f  pcD21 (A ). A a a t c h  ia  th e  
a a ia o  a c id  aeqaeace  i a  i a d i c a t e d  by v e r t i c a l  b a re  ( I I I )  aad a a i c a a t c h  
by aa  X b e tv e e a  th e  two r e a i d a e a .



f a i n t  fo r  t b i a  c lo n e .  A lso ,  vben phage DNA f r o a  t h i s  e lo n e  was t e s t e d  

in  Sou thern  b l o t  a n a ly s i s  n s in g  o l ig o n u c le o t id e  1A/1B (P ig .  1) a t  S1°C, 

no h y b r id i z a t io n  to  t h i s  p robe  was d e te c te d  ewen though th e  n o s t  A-T 

r i c h  neaiber (Ta range S7°C t o  <2°C) o f  the  o l ig o n u c le o t id e  a i z t u r e  

would h in d  a t  t h i s  t e a p e r a t u r e .  T h e r e f o r e ,  th e  c lo n e  was n o t  s tu d ie d  

f u r t h e r .

The f l o w - s o r t e d ,  huaan X ch roaosoae  X1059 l i b r a r y  ( H .J .  Cooke, 

u n p u b l ish e d )  was sc reen ed  f o r  phage c o n ta in in g  sequences c o a p le n e n ta ry  

t o  [ y - 33P l - l a b e l l e d  o l ig o n u c le o t id e  a i z t u r e  1A/1B a t  51°C, and two 

p o s i t i v e  phage (XC1 and XC2) were i d e n t i f i e d  ( F ig .  1 0 ) .  These phage 

d id  n o t  h y b r id i z e  t o  o l ig o n u c le o t id e s  2A/2B o r  4 w ith  subsequen t 

S ou thern  b l o t  s n a l y s i s .  Fo r  t h i s  r e a s o n ,  c lo n e s  XC1 and XC2 were n o t  

c h a r a c t e r i z e d  f u r t h e r .

O l i t o n u c l e o t id e  P r i a e r  E z te n s io n  o f  aBNA. O l ig o n u c le o t id e  

a i z t u r e s  2A and 2B were used t o  s e p s r a t e l y  t o  p r i a e  r e v e r s e  

t r a n s c r i p t a s e  in  th e  p re se n c e  o f  aKNA f r o a  HeLa and KNH3 c e l l s .  Three 

a a j o r  e z te n s io n  p r o d u c ts  v e re  d e te c te d  u s in g  a i z t u r e  2B, b u t  none v e re  

seen  v i t h  a i x t u r e  2A t e s t e d  in  p a r a l l e l .  The n u c le o t id e  sequence o f  

th e  t h r e e  a a j o r  cDNA p ro d u c ts  i n d ic a te d  t h a t  they  d id  n o t  c o rre spond  to  

th e  huaan a lp h a - g a l a c to s i d a s e  A aBNA. S i a i l a r l y ,  th e  use  o f  

[ y - 32P] - l a b e l l e d  o l ig o n u c le o t id e  a i z t u r e  4 as  a p r i a e r  f o r  BeLa o r  KNH3 

aBNA y ie ld e d  t h r e e  a a j o r  cDNA p ro d u c ts  along w ith  s e v e r a l  l e s s  in te n s e  

b a n d s .  The n u c l e o t id e  sequence a n a l y s i s  o f  th ese  a a j o r  cDNA p ro d u c ts  

i n d i c a t e d  t h a t  t h e y  w ere  n o t  s y n t h e s i z e d  f r o a  t h e  h u a s n  

a l p h a - g a l a c t o s i d s s e  A aBNA, s in c e  th e  p r e d i c te d  a a in o  a c id  sequence 

d i f f e r e d  f r o a  t h a t  o b ta in e d  f r o a  th e  p u r i f i e d  enzyae . P r i a e r  e z te n s io n



S I .

F i g .  1 0 .  S o o th e rs  b l o t  a n a ly s i s  o f  phage i s o l a t e d  f ro n  th e  
X1039 genoa ic  l i b r a r y  (Cooke, u n p u b l i s h e d ) .  The l e f t  and r i g h t  p a n e ls  
show phage DNA d ig e s t e d  w i th  EcoM (E) o r  BaaHI (B ) ,  r e s p e c t i w e l y .  
Both f i l t e r s  were h y b r id iz e d  t o  o l ig o n n o le o t id e  a i x t n r e  1A/1B a t  51°C. 
Lanes 2-7  c o n ta in  phage DNA, and l a n e s  8-9  c o n ta in  n o l e c n l a r  w eigh t 
B a rk e rs  o f  X DNA d ig e s t e d  w i th  H i n d l l l  and P a t l .  r e s p e c t i w e l y .  Arrows 
i n d i c a t e  s i z e  ( i n  kb) o f  DNA band B i g r a t in g  a t  t h a t  p o s i t i o n .  Two 
s t r o n g l y  h y b r id i z in g  phage ( la n e s  6 -7)  were i d e n t i f i e d  and d e s ig n a te d  
XC1 and XC2. One weakly h y b r id iz in g  band was seen  in  b o th  b l o t s  ( see  
a r ro w ) ,  however, t h i s  waa c o n s id e re d  to o  f a i n t  a t  S1°C f o r  f u r t h e r  
a n a l y s i s .



u s in g  o l ig o n u c le o t id e  a i z t u r e  S (32 d i f f e r e n t  1 7 - a e r s )  r e s u l t e d  in  e 

co a p le x  a i x t n r e  o f  cDNA p ro d u c ts  t b s t  were n o t  s u i t a b l e  f o r  DNA 

sequence s n s l y s i s .

I s o l a t i o n  aad C bsrsc t e r l x s t l o n  o f  Fbsxe X x t l l  cDNA c l o a e s . A 

X g t l l  cDNA e x p re s s io n  l i b r a r y  d e r iv e d  f r o a  buaan l i v e r  end c o n ta in in g  

1 .4  X 107 independen t c lo n e s ,  vas  sc re e n e d  u s in g  tb e  a n t ib o d y  d e t e c t i o n  

a e tb o d  (Calboun e t  a l . .  1985). Four a n t i b o d y - p o s i t i v e  c lo n e s  were 

i s o l a t e d  (d e s ig n a te d  XAG2. XAG14. XAG15. and XAG18). Of tbe  fo u r  

c lo n e s ,  o n ly  XAG18 showed p o s i t i v e  h y b r id i z a t io n  in  Sou thern  b l o t  

a n a ly s e s  to  o l ig o n u c le o t id e  a i z t u r e a  1A/1B. 2A/2B. and 3 .  Tbe s iz e  

e s t i a a t e  o f  th e  EcoRI i n s e r t  o f  XAG18 vas  12S0 base  p a i r s ,  s u f f i c i e n t  

t o  encode th e  e n t i r e  n a tu r e  enzyae s u b u n i t  (370 a a in o  a c i d s ) .

I n i t i a l  N u c le o t id e  Sequence A nalyses  o f  P l a a a i d  nAG18. Tbe EcoRI  

cDNA i n s e r t  o f  c lo n e  XAG18 vas  subc loned  to  p l a s a i d  pBR322, and DNA

f r o a  t h i s  c lo n e ,  d e s ig n a te d  p l a a a i d  pAG18, was used  d i r e c t l y  as  a

32t e a p l a t e  f o r  n u c le o t id e  sequence a n a l y s i s .  Vhen [ y - P J - l a b e l l e d  

o l ig o n u c le o t id e  a ix u r e  2B vas  used  t o  p r i a e  th e  Klenov f r a g n e n t  o f  DNA 

p o ly a e r a s e  I  u s in g  b e a t  d e n a tu re d  p l a s a i d  pAG18 DNA a s  a t e a p l a t e  and 

th e  d ideoxy  sequencing  p r o to c o l  o f  Sanger e t  a l .  (1 9 7 7 ) ,  a r e a d a b le  

sequence vas  o b t a in e d .  However, no d i s c r e t e  e x te n s io n  p r o d u c ts  were 

d e te c te d  vhen o l ig o n u c le o t id e  a i x t u r e  2A vas  used  as  a p r i a e r  in  

p a r a l l e l  r e a c t i o n s .  Tbe DNA sequence o b ta in e d  u s in g  o l ig o n u c le o t id e  

a i x t u r e  2B as a p r i a e r  p r e d i c t e d  th e  known a a in o  t e m i n a l  a a in o  a c id  

sequence f o r  a lp b a - g a l s c to s i d a s e  A ( F ig .  1 1 ) .  T h is  n u c le o t id e  r e g io n  

o f  c lone  pAG18 vas  c o n f i n e d  ( P e t r o s  H an tzopou los ,  Ph.D . t h e s i s )  u s in g  

th e  chem ical method o f  Maxam and G i l b e r t  (1 9 8 0 ) .  T h is  i d e n t i f i e d  XAG18



• a  an a n th a n t i c  hnaan a lp b a - g a l a c to s id a s e  A cDNA c lo n a ,  and j n a t i f l a d  

an e f f o r t  to  o b t a i n  th a  n n c la o t id a  sequence o f  th a  c o a p le te  12S0 

n n o la o t id a  EcoRI  cDNA s e g a e n t .

N n c la o t id a  Saonanoa A n a ly s is  o f  th a  cDNA f r o a  P h a ta  AAG18. F i g .  12 

ahova tha  s t r a t e g y  f o r  sequencing  tha  cDNA f r o n  phaga XAG18 na ing  a a a t  

o f  d e l a t i o n  anbc lonaa  d e r iv e d  f r o a  th a  f o i l  l e n g th  i n a e r t  c loned  to  

M13npl8 in  b o th  o r i e n t a t i o n e .  F i g .  13 shows an a u to ra d io g ra p h  o b ta in e d  

as a p a r t  o f  th a  aaqnancing  p r o j e c t ,  v h ich  was a c o n c e r te d  e f f o r t  (P .  

H an tzopou lo s ,  H. B e r n s t e i n ,  and N Q u inn ) . Tha sequence was c o n f i n e d  

in  i t s  e n t i r e t y  on b o th  s t r a n d s  f ro n  th e  d e l e t i o n  d e r i v a t i v e s  ( F i g s .  

12, 1 3 ) ,  v i t h  th e  e x c e p t io n  of a s h o r t  s e g a e n t  ( n u c l e o t i d e s  939-1004) 

on th e  neasage  s t r a n d  t h a t  vas  sequenced by p r i a e r  e x te n s io n  u s in g  a 

s y n th e t i c  o l i g o n u c le o t id e  ( 1 7 - a e r ) .  O ther  r e g i o n s ,  in c lu d in g  th e  3 1 -  

and S ' -  a n d s ,  v e re  c o n f in e d  by p r i a e r  e x te n s io n  o f  pAG18 and by Naxaa 

and G i l b e r t  a n a l y s i s  a s  d e s c r ib e d  (Bishop e t  a l . ,  1986) .

Tha c o a p le te  1226 n n o la o t id a  aaqnanca o f  th a  a lp h a - g a l a c to s i d a s a  A 

cDNA o b ta in e d  f r o a  phaga XAG18 and i t s  deduced aa in o  a c id  sequence a re  

shown in  F i g .  1 4 .  T h is  sequence c o n ta in s  an open re a d in g  f ra n e  f ro n  

p o s i t i o n s  - IS  t o  1194 fo llow ed  by a TAA t e r m in a t io n  codon. A p o ly (A )+ 

t a i l  o f  12 n u c l e o t id e s  i a n e d i a t e l y  fo l lo w s  th e  t e r m in a t io n  codon. Two 

h e x a n n c le o t id e  p o ly (A )+ a d d i t i o n  s i g n a l s ,  AATACA and ATT AAA, a re  

lo c a te d  28 and 11 n u c le o t id e s  p r i o r  t o  th e  TAA s to p  codon, 

r e s p e c t i v e l y .  I n  a d d i t i o n ,  t h e  p u t a t i v e  D4 s n a i l  n u c l e a r  

r i b o n u c l e o p r o te i n  r e c o g n i t i o n  sequence , CAGCT, v h ic h  nay be invo lved  

p o ly a d e n y la t io n  ( B e rg e t ,  1984), i a  p r e s e n t  38 n u c l e o t id e s  u p s t r e a n  o f  

th e  a top  codon. The absence o f  a 3 ' -  u n t r a n s l a t e d  r e g io n  was a l s o



i s  10 IS 20
I'enAspAsaGlyLoaAlaArgThrProThrMetGlyTrpLoaEisTrpGluArgPhaMetCysAs&Lou 
amGAQAAQGOKUNGCNCGNACNCCNACNAIIGGGNOGOCIINCAQOGOGAPCGMVOQAUGOGĈ AQCDN 
OOP UUP AGP UUP AGP UUP

5 'CTGGACAATGGATTGGCAAGGACQCCTACCATGQGCTGGCTGCACTGGGAGAG 3* G G 
GACCTGTTACCTAACCCnTCCTGCGGATGGTACCCGACCGACGTGACCCTCTC AAGTACAC IT  GA

A A

PROBE 2B

3 ' <-------------------- 5

Pi§« 11 . N n o la o t id a  aaqnanca o f  th a  5 ' - a n d  o f  th a  cDNA o f  p l a a a i d  
pAGlS. Tha top  l i n a  ahona tha  f i r a t  23 a a in o  a o id a  o f  th a  a a in o  
t a r a i n a l  a lp h a - g a l a c to s i d a s a  A p r o t a i n .  B anaa th  th a  a a in o  a c id  
aaqnanca , th a  p o a a ib la  n n o la o t id a  codona a ra  abowa f o r  com parison  t o  
th a  n n o la o t id a  d a ta  (<H C o r  T; N* any b a a a ;  P -A o r  G ) . 
O l ig o n n o le o t id e  a i z t n r a  2B (4 d i f f a r a n t  1 4 - a a r ) ,  c o rre sp o n d in g  t o  a a in o  
a c id  19 t o  23 , vaa e n d - l a b e l l e d  v i t h  [y-32p]dA TP and naad t o  p r i a a  h e a t  
d a n a tn ra  DNA f r o a  p l a a a id  pAGIS in  th a  p raa a n c a  o f  th a  k la n o v  f r a g a a n t  
o f  DNA p o ly a a ra a a  I  and d id ao z y  n n e la o t id a a  (aaa  M ethods) .  Tha 
n n o la o t id a  saqnanoa read  f r o a  th a  aaqnancing g a l  i a  shovn ( a r r o v  
d a s ig n a ta a  th a  d i r e c t i o n  o f  th a  aaqnanca r e a c t i o n  vhen p r i s i n g  v i t h  
p robe  2B). Tha n n c la o t id a  aaqnanca v a s  c o l i n e a r  v i t h  th a  a a in o  a c id  
aaqnanca .
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Message Strand S '—*■ )*
-4 1M

. IMI 1U7
H S U  
H U il

■HSU
H SU S

■H SSJS 
H  SMI

<   lust
MCis

-HSS.I7
H S U I

H S U

1

I I  1 1 1 1 1 1 1 I1 1 1 1 1.

1 fUC

Complementary Strand 3 —► S sr.it I
ST.MS ■    -srsss — ■ -  »

I-  ■■ a ■ - —
IJJ4 I -  

I 1 7 J  t -   --------v *  -  —  fc—
suH- — ' »
srss-STJH

cDNA F1,M1 3 ,0 * • • « W U g  th a  a lp h a -g a la c to s id a s a  A 
c lo a *» *<23 aad M27 package tha  a a t i r a  sassag e  and

F a n  , t r *Bd** r *,p/ ° t iT # ly '  frOB cDNA EcoRI i a a a r t .
**** B ,*d t0  d a la t io a  c lo n es  t e .g .  25.21

•nd 27.18) and th a  a a t i r a  len g th  o f each d a la t io a  o lo aa  ia  shown; hoary
“ onl* a™ . *  th i* 4*Xt*n t *“d d l r e c t i °a  o f th a  aaqnanca d e te m in e d  p a r

l Y Z V Y s t - K X  v r ; \ v v »



F i g .  13 . A u to rad iog raph  o f  a sequenc ing  g a l  o f  c lone  K23.28. 
The aequence vaa  o b ta in e d  bjr th e  e n z y a a t ic  n e t  hod o f  Sanger e t  a l .  
(1977) ua ing  th e  M13 u n i v e r s a l  p r i n e r  ( 1 7 - a e r ) .  The aequence 
read a  f r o a  b o t t o a  to  t o p .  S ' -  AAACTGTCACACTAACAACCATCAAATTTTAGCAGATCTA 
CTCCCCACTCAGCAAAGGTCTGGGCATCAATGrCOrAGTATCCAAAACTCCCAGGGAGCCTCCGCAGCIT 
TTTATTTCC - 3 ' .
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•IT
• I

TC CCT
t M

• M
• I f

M T
A l .

AM
A rt

« A
AM

1 CTC CAC AAT ASA TTC CCA AM ACC CCT ACC A f t CCC T M  CTt CAC TUB CAC CCC TTC A1C T V  AAC CTT 
1 U t  Asy AM l l y  M o AM A iy TAr f i t  TAr M t  l l y  t r y  U t  AM T ry  CM A r t  M e  M t  C yt Am  U t

•AC
a m

T«C
Cy*
M r

CAC
• M

•AA
• M

•AC
• M
A rt

CCA
t M

•A t
a m

t•i mmmMTCMJMCTcmAniMmieikiMcicmmiuiMiKiMMiiMttAinmiMviecKwm 
I I  U r  Cy. I I .  U r  « lo  if  u * r u i u t  d o  IM  AM I U  t u  m  H I  U r  l i t  Cly f r f l f i u #  AM l l y  ty c  I I .  Tyt I M  Cyi I I .  

a a U r

I I I  C l f M C I t T N i m a e f C C C C M I M U T i a k l M l O C I I M e T t C M I C A M C C e t O I C K m C C t t t f M I I f T C K C M m i t l  1 H  
• I  M f  U y  Cy* T ry  n o t  M l  f i t  t U  U y  M y  U f  I U  l l y  U f  U t  I U  * 1 .  M y  f i t  l i t  A r t  I N  f i t  a l .  | | y  IM  A r t  CM  U t  AM M

I I I  AAT TAT CTT CAC ACC AAA 00A CTC AAC CTA CM  AT; TAT CCA CAT CTT M A AAT AAA ACC TOC OCA M C TTC CCT C M  ACT TTT MA TAC M l
•  I M «  Tyr V .l  a i t  M r  l y i  l l y  U t  l y i  U t  l l y  IM  T yr AM A ty  V .l  C ly  Am  l y t  TAr C yt AM C ly  I U  f i t  a i y  U r  f i t  C ly  T y r l i t
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F i g .  14 . Coabined a o e l e o t i d s  t a d  p r . d i c t t d  a a ia o  a o id  sannaneaa o f  
th e  XAG18 cDNA t t q a t a e a  encoding th a  a lp h a - g a l a c to s id a s a  A p r o p e p t i d e .  
Aaiao a o id  1 i s  a s s i g a s d  t o  t b s  a a ia o  t o r a i a a l  r s s i d o s  d s t s z a i a s d  f r o a  
a i c r o s . q a . a c i a ,  o f  th e  a s  t a r s  p r o t s i a .  N a c l s o t id s s  -17  t o  -1  sacods  
t b s  f i v e  ea rboxy  t e r a i n s 1 a a ia o  a c id s  o f  tb s  s i g a a l  p s p t i d s .  Bold 
u n d e r l i n e s  i a d i c a t c  c o a f i r a e d  a a ia o  a c id  scqacaes  f r o a  t r y p t i c  (T) aad 

yaaogca  b ro a id o  (CB) p e p t i d e s .  D is c r s p a a c i s s  between t b s  p r e d i c t e d  
a a ia o  a c id s  aad th e  a ic r o s s q o c a c s d  a rc  sho rn ; X d s a o tc s  a a i d s a t i f i c d  
a a ia o  a c id s  CHO d e n o te .  p o t e n t i a l  N -g ly c o s y la t io a  s i t e s .  O v e r l in e s  
i a d i c a t c  th e  po ly(A ) s i g a a l s  AATACA aad  ATTAAA, aad tb s  CAGCT s i t e  
p o s t u l a t e d  i a  04 . . a l l  a u c l e a r  SNA b i a d i a g .  P i* « rs  tak e n  f r o a  Bishop 

l l * |  19o0•



• t e a  in  an in d ep e n d e n tly  i s o l a t e d  a lp h a - g a l a c to s i d a s e  A cDNA o lone  f r o a  

bnaan lung (Bishop a t  a l . ,  1986).

P r e d ic t e d  Aalno Acid Seonenee o f  A ln h a -C a la c to s ld a s c  A. The cDNA 

in c lu d e s  an open rea d in g  f r a a e  o f  1194 n u c la o t id e s  t h a t  encodes 398 

s a in o  a c id s  co rre sp o n d in g  to  a p r e d i c t e d  a o l e c u l a r  w e igh t o f  4 3 ,3 4 6 .  

N u c leo tid e  p o s i t i o n s  1-3 were a s s ig n e d  to  th e  a a i n o - t e r a i n a l  le u c in e  

r e s id u e  o f  th e  a ic ro se q u e n c e d  a s t o r e  e n zy ae .  The n u c l e o t id e  sequence 

a g re e s  w ith  86 o f  100 s a in o  a c id  r e s id u e s  d e te r a in e d  by a ic r o s e q u e n c in g  

o f  f iv e  t r y p t i c  p e p t i d e s ,  one cyanogen b ro a id e  p e p t i d e ,  and th e  

a a i n o - t e r a i n a l  sequence o f  th e  hoaogeneous p r o t e i n .  Minor d i f f e r e n c e s  

were observed  between th e  s a in o  a c id  sequences  and th o se  p r e d i c t e d  f r o a  

th e  cDNA sequence (shown in  F i g .  1 4 ) ,  p r e s u a a b ly ,  due t o  th e  l i a i t e d  

q u a n t i t i e s  o f  p r o t e i n  a v a i l a b l e  f o r  a ic r o s e q u e n c in g .  A lso  shown in  

F i g .  14 a re  th e  f o u r  p o s s i b l e  g l y c o s y l a t i o n  s i t e s  (A sn-X xx-Ser/Thr)  f o r  

a s p a r a g in e - l i n k e d  o l ig o s a c c h a r id e s  a t  a s p a ra g in e  r e s i d u e s .

P r o t e i n  S t r u c t u r a l  AnaIt s l a  o f  A ln h a -O a la c to a ld a a c  A. The p r o t e i n  

s t r u c t u r a l  a n a l y s i s  o f  th e  a lp h a - g a l a c to s i d a a e  A p e p t id e  (398 s a in o  

a c id s )  i s  shown in  F i g .  15 . Alpha h e l i x  r e g io n s  o f  10 o r  a o re  r e s id u e s  

a re  lo c a te d  a t  p o s i t i o n s  3 1 -5 0 , 146 -155 , 253-267 , 275-284 , and 3 8 5 -398 . 

The lo n g e s t  b e ta  s h e e t  r e g io n s  found a re  t h r e e  s t r e t c h e s  o f  7 r e s id u e s  

lo c a te d  a t  p o s i t i o n s  234-240, 334-340, and 3 5 1 -3 5 7 . P o s s ib l e

N -g ly c o s y la t io n  s i t e s  a re  lo c a te d  a t  b e t a  t u r n s  as  ex p e c te d  f o r  s u r f a c e  

l o c a l i z a t i o n .



P i f .  I S .  P r o t e i n  s t r u c t u r a l  a n a l y s i s  o f  h u a n  a lp h a - g a l a c to s i d a s e  
A p r o p e p t id e  o f  398 an ino  a c i d s .  S t r e t c h e s  o f  10 o r  n o re  s lp h a  h e l i c e s  
(A) a r e  u n d e r l i n e d .  The th r e e  lo n g e s t  b e t a  s h e e t s  (B) a re  d o t te d  and 
th e  f o u r  p o s s i b l e  N - g ly c o s y la t io n  s i t e s  o c c u r in g  a t  b e ta  t u r n s  (T) a re  
o v e r l i n e d .



E e s t r l c t i o n  Bnzvne A n a ly s is  o f  t he A lo h a -G a la c to t Id a s # .  A cPNA_. The 

r e s t r i c t i o n  enzyne a n a ly s i s  o f  o f  th e  cDNA f r o *  phage XAglS encoding

F i g .  16 . The e n t i r e  sequence ia  sho rn  w i th  th e  enzyne s i t e  l i s t e d  

be n e a th  th e  nnnbered  n u c le o t id e  sequence . The n u n b e r in g  s y s te n  i s  th e  

sane as t h a t  u sed  in  F i g .  14.

I s o l a t i o n  o f  Genonic Clones f r o n  a Charon 30 L i b r a r y . A Charon 30 

l i b r a r y  d e r iv e d  f ro n  fcunan genonic  4X ly n p h o b la s t i c  DKA (Wood e t  a l . ,  

1984) v a s  s c re e n e d  u s in g  a s y n th e t i c  o l i g o n u c le o t id e  p robe  (p robe  H; 

F i g .  2) which has s sequence d e r iv e d  f r o n  th e  cDNA o f  phege XAG18. 

Probe H c o rre sp o n d s  to  th e  l a s t  s i z  n u c le o t id e s  encoding  the  s ig n a l  

p e p t id e  and th e  f i r s t  se v en te en  n u c le o t id e s  cod ing  f o r  th e  n a tu r e  

enzyne. S ince  th e  XAG18 cDNA c lo n e ,  and o t h e r  c lo n e s  su b s e q u e n t ly  

i s o l a t e d ,  d id  n o t  encode the  c o n p le te  s ig n a l  p e p t i d e ,  an inn ied ia te  

p r i o r i t y  was t o  d e r iv e  t h i s  in fo r w a t io n  f ro n  a genonic  c lo n e .  In  

a d d i t i o n ,  th e  p r o n o te r  and o th e r  r e g u l a t o r y  r e g io n s  o f  i n t e r e s t  would 

n o s t  l i k e l y  be p r e s e n t  in  genonic  c lo n e s  i s o l a t e d  w i th  p robe  H.

A p p ro z ln a te ly  1 .3  X 10* p laq u e  f o m in g  u n i t s  o f  th e  Charon 30 

l i b r a r y  were s c re e n e d  and two p o s i t i v e  c lo n e s ,  d e s ig n a te d  XJIQ1 and 

XMQ2, were i d e n t i f i e d  and p laque  p u r i f i e d  t h r e e  t i n e s  ( F ig .  1 7 ) .  DNA 

f ro n  th e s e  two phage s p e c i f i c a l l y  h y b r id iz e d  in  S ou the rn  b l o t  a n a ly s e s  

t o  p robe  B, p robe  2B (c o r re sp o n d in g  to  sn in o  a c id s  19 t o  23 o f  the  

n a tu r e  enzyne; F i g .  1 ) ,  and to  n ic k  t r a n s l a t e d  p l a s n i d  pAG18.
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F i g .  16. R e s t r i c t i o n  enzyme s i t e s  o f  a lp h a - g a l a c to s i d a s e  A cDNA. 
Sew ersl r e s t r i c t i o n  enzymes which r e c o g n iz e  s i x  b a se s  a re  i n d i c a t e d  
b e n e a th  the  n u c l e o t id e  se q u en c e .  N u c le o t id e  numbers a re  th e  same as 
used  in  F i g .  14 .



F i t*  17. D a ta c t io a  o f  a lp h a - g a la c to a id a a a  A g a a o a ic  o lo a a a .  XMQ1 
waa i d a a t i f l a d  w i th  a a d - l a b a l l a d  proba H, a 23 -baaa  loag  proba 
( 3 1-AGAGCACTGGACAATGGATTGGC-31) baaad  oa th a  l a a t  a i z  a a o la o t i d a a  
aacod iag  th a  a ig a a l  aaqaaaoa aad th a  f i r a t  aaw aataaa  a a o la o t i d a a  
a a o o d ia g  t h a  a a t o z a  a a z y n a  ( F i g .  1 4 ) .  P a a a l  A d a p i c t a  t h a  
h y b r i d i z a t i o a  o f  [ y -  P ] - l a b e l l a d  p roba  H t o  p la q o a a  o f  XNQl a t  th a  
t h i r d  c y c la  o f  p la q a a  p a r i f i c a t i a .  P a a a l  B ahowa a p a r i f i a d  a a g a t iv a  
c o a t r o l  p rooeaaad  i a  p a r a l l a l  t h a t  c o a ta ia a d  a p p r o z i a a t e ly  100 p l a q a a a .  
Each p n r i f i o a t i o a  c o a a i a te d  o f  a a l a e t i o a  o f  a w a l l - i a o l a t e d  p o a i t i v a  
p la q a a  d a t e n i a a d  by proba H h y b r i d i z a t i o a  fo llow ad  by r a p l a t i a g  a t  a 
d a a a i t y  o f  l a a a  th a a  SO p la q a a  f o n i a g  on i t  a p a r  p l a t a .  Arrowa 
i a d i e a t a  f i l t a r  o r l a a t a t i o a  a a r k a .  Ezpoaara t i a a a  f o r  f i l t a r a  A and B 
w i th  ona i a t a a a i f y l a g  a c ra a a  wara 3 .S  aad 17 h r .  r a a p a c t i v a l y .



S o o th s ra  B lo t  A as lT» ls  sad  S a b c lo a l a t  8t » t m  f o r  c lo a o s  XMQ1 >»< 

1IIQ2. Tb« s to p s  vsed t o  g e n e ra te  a lp h a - g a l a c to s i d a s e  A goaoa ic

a o o lo o t  id s  sequence  f r o a  M lSapll s a b e lo a o s  s r s  i a d i e s to d  ia  F i g .  18 . A 

s i a g lo  SscI  f r a g a o a t  d e r iv e d  f r o a  goaoa ic  e lo a o s  XMQ1 sad XJIQ2 

s p e c i f i c a l l y  h y b r id iz e d  l a  Sou tkora  k l o t s  t o  probo H, probo 2B, sad 

a lc k  t r s a s l s t s d  pAG18. F i g .  19 shovs r o s t r l e t l o a  sa syae  d l g o s t l o a  sad 

S o a tb s ra  b l o t  a n a l y s i s  o f  tboso  o lo a o s .  A SsqI  f r a g a o a t  o f  

s p p r o z l a s t e l y  5 .3  kb f r o a  XMQ1 ( F ig .  19 . l sa o  8 ) vas  sabc loaod  to  

p lasm id  pSPRI g o n e ra t la g  p l s s a i d s  pNQl sad pMQ2 ( F ig .  19 . l s a o s  6 aad

7 .  r e s p o c t i v e l y ) . D lg o s t lo a  o f  XMQ1 DNA w i th  Tool  r e v e a le d  a goaoa ic  

f r a g a o a t  o f  a p p r o z i a a t o ly  1 .8  kb ( F ig .  19. laao  3 ) .  D lg o s t lo a  o f  

p l s s a i d s  pMUl sad  pMQ2 w i th  T a d  r e v e a le d  tho p ro se a c o  o f  a 1 .2  kb

f ra g a o a t  t h a t  booad o l ig o a a c l o o t id o  H ( F ig .  19, la a o s  1 aad 2 ) .  T h is

r o s a l t s  f r o a  oao i a t o r a a l  T a d  s i t s  v i t h i a  tko  goaoa ic  a lp h a -

g a la c to s id a s o  A 5 .3  kb SacI f r a g a o a t  aad a Taol  s i t o  p r o s o a t  l a  tho 

p o l y l i a k o r  r o g io a  o f  pSPRI (22 a n c le o t i d o s  f r o a  a SacI  s i t o  l a  tho  

goaoa ic  f r a g a o a t ) .  T h is  1 .2  kb T s a i  f r a g a o a t  f r o a  c lo a o  pMQl was th c a  

sab c lo aed  t o  th e  AccI  s i t e  o f  M 13apll .  M13 d e r i v a t i v e s  were s a s ly z o d  

f o r  i a s e r t s  by d l g o s t l o a  o f  pkago DNA v i t k  Tool aad o l o c t r o p k o r e s i s  oa 

ag a ro se  g e l s  ( F ig .  2 0 ) .  C loaes  w i th  tho  i a s o r t  i a  b o tb  o r i e a t a t i o a s  

were o b ta ia o d  aad d e s ig a a to d  bMQU (packages  tho s t r s a d  v i t k  tko  saao 

se ase  as  a e ssa g o  RNA) aad kMQL (packages tho a a t i - a e s s s g e  RNA soase  

s t r a a d ) .

D o lc t lo a  S n b c lo a la a  aad SoQaoaclaa S t r a to a v  o f  a Goaoaic F r a a a o a t  

f r o a  Cloao XMQ1. Tko ae tb o d  o f  Dale e t  a l .  (1985) vas  used t o  g e a e r a te  

s e v o a te ea  d o l e t i o a  sa b e lo a o s  f o r  a o c lo o t id o  sequence a a a l y s i s .
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F i g .  I t .  C loning  s t r a t e g y  f o r  sequenc ing  tho  gonoa ic  fragm ent 
f r o a  phage XMQI. A S . 3 kb SacI  f r a g a e n t  f r o a  XMQI v as  eche loned  t o  tho  
SacI  a i t o  o f  p l a a a id  pSPRI, and naaod pMQl. Clonea were i d o n t i f i o d  by 
Sac I  d ig o a t io n  o f  p l a a a id  DNA and by S o u th e rn  b l o t  a n a ly a ia  ( F ig .  1 9 ) .  
A Tool band o f  1 .263 kb f r o a  pMQl vaa  o b ta in e d  by e l o c t r o o l n t i o n  o f  tho  
DNA f r a g a e n t  to  DEAE c e l l n l o a e  a e a b r a n e ,  and vaa  anbclonod t o  th o  AccI  
a i t o  o f  M 13apll.  Clonea v i t h  th e  i n a o r t  in  b o th  o r i o n t a t i o n a  voro  
o b ta in e d  and d e a ig n a te d  nMQU (packagea th e  a t r a n d  v i t h  th e  aaao aonao 
aa neeeage)  and nMflL (packagea  th e  a n t i - a e a a a g e  a t r a n d ) .  The a o l i d  box 
o f  aMQD and aMtf. r e p r e a e n ta  th e  22 baae  p a i r  p o l y l i n k e r  r e g io n  o f  pSPRI 
v h ic h  vaa removed f r o a  c lo n e  aMQD ( d e a ig n a te d  aMQZ; T ab le  1) f o r  
sequenc ing  p u rposes  ( F ig s .  22 and 2 3 ) .
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F i g .  19 . S o s t b t n  b l o t  a n a ly s i s  o f  a lp h a - g a l a c to s i d a s e  A ganoaiie 
o lo n a a .  DNA was a la o t ro p h o ra a e d  on a 0.7% aga roaa  g a l  and t r a n a f a r r a d  
t o  Z a tab in d  n y lo n  ae ab ra n e  a s  d a s c r ib a d  i a  M ethods. Snbelones ware 
h y b r id iz e d  to  p ro b a  H ( F ig .  2) a t  55oc . Lanas 1 aad 2; SacI and Tao
double  d i g e s t  o f  p l s s a i d s  pMQl and pMQ2, r e s p e c t i v e l y .  Lana 3; T a d
d i g e s t  o f  pMQl. Lana 4; T a d  d i g e s t  o f  p l a a a i d  pSPKI. Lana 3; 
a o l e c a l a r  w e igh t a a r k e r s  o f  X DNA d ig e s t e d  w i th  H in d l l l .  Lanas 6 and 
7 ;  SacI d i g e s t  o f  XMQI and XMQ2. r e s p e c t i v e l y .  Lana 8 ; SacI  d i g e s t  o f  
pMQl. Lana 9 ;  Sac I  d i g e s t  o f  Xgt7 and lan e  10; P s t I  d i g e s t  o f  
pUC9-18-3 (T ab le  1) c o n ta in in g  a l p h a - g a l a c to s i d a s e  A cDNA i n s e r t  aa a 
h y b r i d i z a t i o n  p o s i t i v e  c o n t r o l .  T ic  n a rk s  on th e  l e f t  i n d i c a t e  DNA
s i z e s  ( i n  kb) o f  p o s i t i v e  r e s t r i c t i o n  f r a g n e n t s .
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F i g .  2 0 .  T a o l  r e s t r i c t i o n  e n z y a e  a n a l y s i s  o f  N 1 3 n p l l
d e r i v a t i v e s .  M13npll subc lones  v a ra  a n a ly z e d  f o r  th a  p re s e n c e  o f  th e  
1 .2  kb genonic  f r a g a e n t  f ro n  p l a a a i d  pMQl by d i g e s t i o n  o f  DNA v i t h  T so i  
f o l lo v e d  by  e l e c t r o p h o r e s i s  on 0.7% a g a ro se  g e l s .  Lanes 1 -4 ;  T ao l 
d i g e s t i o n  o f  M13 s o b c lo n e s .  Lane S; T a o l  d i g e s t i o n  o f  p l a s n i d  pMQl. 
The a r r o v  i n d i c a t e s  th e  1 .2  kb genonic  f r a g a e n t  f r o n  p l a a a i d  pMQl v h ic h  
h y b r id i z e s  to  p robe  H ( F ig .  I S ) .  The 1 .2  kb T aq l  i n s e r t  can be seen  in  
lane  1 . and su b sequen t  sequence s n a l y s i s  r e v e a le d  t h a t  t h i s  c lo n e  
(d e s ig n a te d  aMQL; T ab le  1 ) .  packagea th e  a t r a n d  v i t h  c o a p le a e n ta ry  
sequence t o  the  n e s s a g e .



P r e l im in a r y  a ix a  e s t im a te s  o f  d e l e t i o n  o lonee  were de te rm ined  by 

e l e c t r o p h o r e s i s  o f  s i n g l e  s t r a n d e d  phage DNA on a g a ro se  g e la  ( P ig .  2 1 ) .  

F i r e  s y n th e t i c  o l i g o n n e le o t id e s  ( F ig s .  1 , 2) v a ra  d e s igned  t o  g e n e ra te  

seqnence i n  r e g io n s  n o t  covered  by d e l e t i o n  s n b c lo n e s .  The o v e r a l l  

sequenc ing  s t r a t e g y  i s  d e p ic te d  in  F i g .  22 .

I n t e r e s t i n g l y ,  no seqnence in fo rm a t io n  was o b ta in e d  from the  

u n d e le te d  mMQU c lo n e  u s in g  th e  N13 u n i v e r s a l  p r im e r  (1 7 -m er) .  However, 

sequence d a ta  was o b ta in e d  from sXQD u s in g  probe H as  an i n t e r n a l  

p r im e r .  P e r u s a l  o f  the  p o l y l i n k e r  n u c le o t id e  sequence from pSPRI and 

M13mpll i d e n t i f i e d  an in v e r t e d  r e p e a t .  S in g le  s t r a n d e d  DNA from c lo n e  

mMQU cou ld  p o t e n t i a l l y  form a stem and loop s t r u c t u r e  v i t h  a c a l c u l a t e d  

AG-  - 7 1 .4  ( F ig .  2 3 ) .  To remove the  p o l y l i n k e r  r e g io n s  from pSPRI and 

N13mpll, th e  r e p l i c a t i v e  form o f  c lone  mMQD vas d ig e s te d  v i t h  SacI .  

l i g a t e d  v i t h  T4 DNA l i g a s e ,  and t ra n s fo rm ed  i n to  s t r a i n  JN103 

( g e n e r a t i n g  c lo n e  mNQZ; F i g .  2 4 ) .  I t  i s  p o s tu l a t e d  t h a t  th e  Klenov 

f ragm ent o f  DNA po lym erase  I  vas  a b le  t o  move f r e e l y  a long  th e  s in g l e  

s t r a n d e d  DNA o f  c lo n e  mNQZ w ith o u t  o b s t r u c t i o n  from a secondary  

s t r u c t u r e  due t o  th e  removal o f  th e  p o t e n t i a l  stem and loop r e g io n .

N u c le o t id e  Sequence A n a ly s is  o f  A lu h a -G a la o to s ld a se  A Genomic 

F r a im e n t . The se v e n te e n  d e l e t i o n  sub c lo n es  p r e v i o u s ly  d e s c r ib e d  ( F ig .

22) were sequenced  by th e  Sanger method (1977) u s in g  th e  N13 (17-mer) 

and RD22 u n i v e r s a l  p r im e r s .  The com plete  sequence o f  1243 n u c le o t id e s  

( F ig .  23) vas  sequence in  i t s  e n t i r e t y  from b o th  s t r a n d s  w ith  the  

e x c e p t io n  o f  th e  f i r s t  93 n u c le o t id e s  o f  th e  message sense  s t r a n d .  The 

genomic sequence from p o s i t i o n  1021 t o  1138 vas  i d e n t i c a l  to  the



D e l e t i o n
C l o n e s  

1 2 3 4 5 6

F i f*  2 1 .  Six* a n a ly s i s  o f  s i n g l e  s t r a n d e d  DNA f r o a  d e l e t i o n  
d e r i v a t i v e s  o f  e lon*  aMQL. Back lan e  c o n ta in s  two b a n d s ,  c o rre sp o n d in g  
to  tb*  c i r c n l a r  (npper)  and l i n e a r  ( l o v e r )  f o r a s  o f  th e  s in g l e  s t r a n d e d  
v i r a l  DNA. Lane 2 c o n ta in s  M13apll v i t b  no i n s e r t  and lane  6  c o n ta in *  
"MOL * i t h  no d e l e t i o n .  Lanes 1 . 3 ,  4 ,  and 5 c o n ta in  d e l e t i o n  c lo n e s  
t h a t  su b s e q u e n t ly  proved  t o  have d e l e t i o n *  o f  132, 908, 886, and 278 
n u c l e o t i d e s ,  r e s p e c t i v e l y  ( d e te r a in e d  by sequence a n a l y s i s ) .  The arrow  
on th e  r i g h t  i n d i c a t e s  the  f a s t e s t  a i g r a t i n g  l i n e a r  band o f  M13apll and 
th e  arrow on th e  l e f t  i n d ic a te s  th e  s lo w e s t  a i g r a t i n g  l i n e a r  band o f  
aMQL.
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Fig*  2 2 .  S t r a t e g y  f o r  se q ae a c ia g  th e  a lp h a - g a l a c to s i d a s e  A 
g c a o a ie  s e g a e a t .  The d i a g r a a  shows tho  s t r a t e g y  f o r  s e q ae a c ia g  th e  
1265 a a c l e o t i d e  T a a l  f r a g a o a t  f r o a  phage XMQI. T h is  f r a g a o a t  vaa 
oahe loaod  i a t o  M13apll i a  b o th  o r i o a t a t i o a a  f o r  soqaeaco a a a l y a ia  a s i a g  
tho  a o th o d  o f  Saagor o t  a l .  (1 9 7 7 ) .  D o lo t io a  c loao*  w i th  tho  oad 
p o i a t o  i a d lo a to d  by tho  c lo se d  c i r c l e s  wore g o a o ra to d  os lag  th e  ao thod  
o f  Dale o t  a l .  (1 9 8 5 ) .  I a  o r d e r  t o  f i l l  gaps i a  tho  seqneaee  o b ta ia e d  
f r o a  d o l o t i o a  c lo a o * .  s p e c i f i c  o l ig o a a c l o o t id e a  wore s y a th e s iz o d  to  
p r i a e  tho  a a d o lo to d  M l la p l l  e lo a o s  a t  s i t e s  i a d i c a t o d  by  a s t o r i o k s .  Tho 
r a l o r  i a d i c a t o s  p o s i t i o a  by a a c l e o t i d e  ( s e e  F i g .  2 5 ) .  Soao r e l e v a n t  
f o a t a r o s  a re  i a d i c a to d  i a  tho lower p a r t  o f  th e  f i g a r o .  i a o l a d ia g  tho  
p o s i t i o a *  o f  th e  GA-ricb soqaeaco . tho r e p e a t  o l o a e a t s  f l e a k la g  tho  
p r o a o t o r .  tho  CAP s i t e ,  tho ATG i a i t i a t i o a  codoa , tho  s i g a a l  p e p t id e  
(opea  b o x ) ,  tho  a a ia o  t o r a i a a l  a a ia o  a c id  soqaeaco (h a tc h ed  b o x ) ,  aad 
tho  f i r s t  e x o a - i a t r o a  j a a c t i o a .  Tho 22 b a se  p a i r s  o x te a d ia g  f r o a  
p o s i t i o a  1243 to  tho T aa l  s i t o  a t  p o s i t i o a  1265, which a rc  d e r iv e d  f r o a  
th e  p o l y l i a k e r  o f  tho pSPRI v e c t o r ,  a re  a o t  showa i a  F i g s .  22 aad 23 .
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F i g .  23 . P o t e n t i a l  a t e a  and loop s t r u c t u r e  o f  s i n g l e  e t r a n d e d  DNA 
f r o a  c lo n e  aMGD. The o r d e r  o f  th e  i n v e r t e d  r e s t r i c t i o n  enzyne s i t e s  
f r o a  p l a a a i d  pSPRI and M l3 ap l l  i s :  S a c I - S a s I - ? « r H T -A coI- Iba I-A cc I-

• The 23 b a se  p a i r  r e g io n  f r o a  th e  p o l y l i a k e r  r e g io n s
o f  pSPKI and N 13apll c o n ta in  17 G-C p a i r s  v i t h  a c a l c u l a t e d  AG* - 7 1 .4  
(A ). The arrow i n d ic a t e s  th e  b in d in g  r e g io n  o f  th e  N13 u n i v e r s a l  p r i a e r  
( 1 7 -a e r )  and th e  d i r e c t i o n .  S ' -  t o  3 ' - .  o f  th e  d ideoxy  sequence 
r e a c t i o n .  SacI r e s t r i c t i o n  enzyne d i g e s t i o n  fo l lo w e d  by  l i g a t i o n  v i t h  
T4 DNA l ig a e e  reaoved  t h i s  i n v e r t e d  r e p e a t  r e g io n  (B; c lo n e  nMQZ). 
C lo ses  were sc reened  f o r  th e  p re s e n c e  o f  SacI  and BcoKI  r e s t r i c t i o n
enzyne s i t e s  and th e  l o s s  o f  S a a l  and BanHI  r e s t r i c t i o n  enzyne s i t e s
( se e  F i g .  2 4 ) .
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Fig* 24 . A n a ly s is  o f  c lo n e  aMQD d e r i v a t i v e s  f o r  th e  p re s e n c e  of
th e  p o l y l i n k e r  r e g io n s  d e r iv e d  f r o a  pSPRI end M 13ap ll .  DMA was 
e le c t r o p h o r e s e d  on a 0.7% ag a ro se  g e l  a t  100 V f o r  4 h r  and s t a in e d  
w i th  e t h i d i n a  b r o a i d e .  Lanea 1 aad 8 ; a o l e c u l a r  w e igh t  B a rk e rs  o f  X 
DNA d ig e s t e d  w ith  HjLndHI and P s t l . r e s p e c t i v e l y .  Lanes 2 - 4 ;  aM(XJ DNA 
u n d ig e s te d .  BsnHI  and 8 s c l  d i g e s t e d ,  r e s p e c t i v e l y .  Lanes S -7 ;  aMQZ DNA 
u n d ig e s te d .  BaaHl  and SacI  d i g e s t e d ,  r e s p e c t i v e l y .  Clone aMQZ has l o s t  
th e  i n v e r t e d  p o l y l i n k e r  r e g io n s  o f  pSPRI and M 13apll .  t h u s ,  th e  BffHT 
r e s t r i c t i o n  enzyae i s  l o s t  and no d i g e s t i o n  o c c u r s .  However, th e  SacI 
r e s t r i c t i o n  enzyae s i t e  i s  r e t a i n e d  and th e  c lo n e  i s  l i n e a r i z e d  a f t e r  
d i g e s t i o n  v i t h  S a c I .
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F i g .  25 . Genoaic • l p h a - g a l a c t o s i d a s e  A n n o l a o t id a  sequence . The 
1243 n u c l e o t id e  f r a g n e n t  from phage laabda-MQl in c lu d e s  th a  5 ' - f l a n k i n g  
a eqnences .  c o a p le ta  s ig n a l  p e p t i d e ,  f i r a t  axon , and 104 b a s e s  o f  tho  
f i r s t  i n t r o n .  The Bbvl  e le n e n t  f l a n k in g  th a  ATG i n i t i a t i o n  codon i s  
coapared  t o  o t h e r  s i a i l a r  sequences  in  T a b le  ( .  O th e r  sequences  
p r e s e n t  a re  a n n o ta te d  aa f o l lo w s :  GA -rich  e l e a e n t  ( ) ,  CAAT boxes
( . . . ) ,  TATA box ( / / / ) ,  aKNA s t a r t  s i t e  ( + l * * e ) ( s i g n a l  p e p t id e  c le a v a g e  
s i t e  ( X ) ,  e x o n - in t ro n  boundary  ( ] [ ) ,  i n v e r t e d  and d i r e c t  r e p e a t  
e l e a e n t s  (— > <— , r e s p e c t i v e l y ) ,  and i n v e r t e d  t r a n s c r i p t i o n  f a c t o r  S p l  
r e c o g n i t i o n  s i t e s  (>>> and « < ) .



»eq«HC« t h a t  we p r e v io u s ly  o b ta in e d  f o r  the  cDNA c lo n e .  The aequence 

ex te n d in g  f ro n  p o s i t i o n  1139 to  1243 r e p r e s e n t s  th e  f i r s t  i n t r o n  o f  the  

a l p h a - g a l a c to s i d a s e  A gene , s in c e  i t  has no s i a i i l a r i t y  t o  th e  cDNA 

seqnence , and th e  seqnence , CAGGTATCA a t  p o s i t i o n s  113d t o  1144 i a  a 

good n a tc h  t o  th e  CAGGTAAGT consensus  exon donor seqnence (Mount and 

S t e i t x ,  1983) .  T h is  f i r s t  e x o n - in t ro n  s p l i c e  j u n c t io n  i s  coatpared t o  

th e  consensus  sequence in  T ab le  3 .

S l t n a l  P e p t id e  o f  31 Anino A cids f o r  A lp h a -G a la c to a id aa e  A. The 

open  r e a d i n g  f raa te  a t  t h e  a n i n o - t e r n i n a l  end o f  t h e  a l p h a -  

g a l a c to s i d a s e  A coding r e g io n  ex ten d s  to  an i n i t i a t i o n  codon 31 aaiino 

a c id s  f r o n  th e  f i r s t  an ino  a c id  o f  the  n a tu r e  enzyne. The sequence 

CCACCATG has  been  i d e n t i f i e d  (Kozak, 1984) as a consensus  sequence f o r  

e u k a ry o t ic  i n i t i a t i o n  s i t e s  (b ase s  u n d e r l in e d  a r e  th o se  n o s t  h ig h ly  

c o n s e r v e d ) ,  and the  TGACAATG sequence a t  p o s i t i o n  940 t o  947 ( F ig .  25) 

e x h i b i t s  honology w i th  t h a t  observed  anong the  211 sequences  p r e v i o u s ly  

t a b u l a t e d .  The h y d r o p h i l i c i t y  n a t r i x  a n a ly s i s  o f  th e  s ig n a l  p e p t id e  i s  

shown in  F i g .  26 .  The s t r u c t u r e  p o s s e s s e s  th e  t h r e e  conponen ts  

i d e n t i f i e d  f o r  s ig n a l  sequences  (Von H e i jn e ,  1986) ,  which a re  a charged  

an ino  a c id  w i th in  th e  f i r s t  f iv e  r e s id u e s  (Arg a t  p o s i t i o n  4 ) ,  a 

hydrophobic  c e n t r a l  c o re  (an in o  a c id s  6 to  2 6 ) ,  and a no re  p o l a r  

c a r b o x y - t e m i n a l  r e g io n  (an in o  a c id s  27 t o  3 1 ) .  F u r t h e m o r e ,  th e
|| |l

p r e d i c t e d  s ig n a l  p e p t id e  con fo rns  t o  the  ( - 3 , - 1 )  r u l e  o f  Von H e i jn e  

(1986) which s p e c i f i e s  t h a t  the  r e s id u e  a t  -1  (A la) n u s t  be s n a i l  (A la ,  

S e r ,  G ly, Cys, o r  Thr) and the  r e s id u e  a t  -3  (A la) n u s t  n o t  be a r o n a t i c  

(Phe, H is ,  T y r ,  T r p ) ,  charged  (Asp, G lu , Lys, A rg ) ,  o r  l a r g e  and p o l a r  

(Asn, G in ) .  A ls o ,  as  seen  w ith  o t h e r  s ig n a l  sequence c le a v a g e  a i t e s



T a b le  3 .  F i r s t  e x o n - in t r o a  s p l i c e  jam A.

NUCLEOTIDB FREQUENCY 83 84 73 100 100 91 (8  84 63

C A
DONOR CONSENSUS A A Q / G  T O A O T

AUPHA-GALACTOSIDASB A C A O / O  T A T C A  

DONOR

Donor consensus  s p l i c e  s i t s  sequence was t a b u l a t e d  f ro n  139 donor 
s e q u en c e s .  N u c le o t id e  f req u en cy  in d i c a t e s  p e rc e n ta g e  o f  n u c le o t id e  
occurance  by p o s i t i o n  (Mount and S t e i t z ,  1983) .  The f i r s t  ezon donor 
sequence o f  huaan a lp h a - g a l a c to s i d a s e  A i s  shown b e n e a th  th e  consensus  
sequence . Note t h a t  th e  f i r s t  s i x  n u c le o t id e s  a re  i n v a r i a n t  f ro n  the  
consensus  n o d e l .



- 2

Hat
Ola
l a a
A r|
Asa
Pro
C la
Lao
a i s
Laa 
Cl,  
Cy. 
Ala 
Laa 
Ala 
Laa 
Art
rha
Laa
Ala
Laa
Val
Car
Trp
Asp
11a
Pro
C ly
Ala
Arp
Ala

14

16

19
20

26

30

F i g .  26 . H y d r o p h i l i c i t y  p r o f i l e  o f  th e  31 a a ia o  e c id  s ig n a l  
p e p t id e  o f  a lp h a - g a l a c to s i d a s e  A. Note th e  p r e s e n c e  o f  Arg, a charged  
a a ia o  a c id  w i th in  the  f i r s t  fo n r  r e s i d u e s ,  th e  hydrophobic  co re  spanning  
f r o a  P ro  a t  r e s id u e  < to  l i e  a t  r e s id u e  26 , and th e  a lp h a  h e l i x  b re a k in g  
r e s i d u e .  P ro  a t  p o s i t i o n  27 o f  th e  p e p t i d e .  C oapu ter  a n a ly s i s  o f  th e  
p r o t e i n  s t r u c t u r e  p r e d i c t s  a a  a lp h a  h e l i x  o f  13 r e s id u e s  w i th in  th e  
hydrophobic  core  f r o a  a a ia o  a c id  8 to  a a ia o  a c id  2 0 .



(Von H e i j n e ,  1 9 8 6 ) ,  P r o  i a  a b s e n t  from  p o s i t i o n s  -3  t o  +1 

(A la-A rg-A la-Lee) b n t  i s  p r s s s n t  n t  r e s id u e  -3  n s n r  th e  boundary o f  th e  

hydrophobic c o rn .

The P r o n o tc r  and 3* -  P la n k in n  S s s ie a c e s  o f  A ln h a -G a la o to s id a so  A. A 

consensns TATA box i s  p r e s e n t  (TAATAA) n t  p o s i t i o n  -31  r e l a t i v e  t o  a 

p u t a t i v e  +1 t r a n s c r i p t i o n  i n i t i a t i o n  s i t e  ( th e  A r e s id u e  a t  p o s i t i o n  

883 in  F i g .  2 3 ) .  T h is  A r e s i d e s  a t  p o s i t i o n  883 i s  a c a n d id a te  f o r  th e  

f i r s t  base  in  the  t r a n s c r i p t  s in c e  ( i )  n o s t  e u k a ry o t ic  t r a n s c r i p t s  

b e g in  v i t h  A o r  G, v i t h  A be ing  siore c o u o n  (Mount sad  S t e i t z ,  1983), 

( i i )  t h i s  i s  the  on ly  A r e s id e s  lo c a te d  in  the  re g io n  26 to  31 

n e c l e o t i d e s  f ro n  the  TATA box, v h ic h  i s  th e  d i s t a n c e  n o s t  connonly  

observed  b e tv een  th e  TATA box and the  i n i t i a t i o n  s i t e ,  ( i i i )  t h i s  s t a r t  

s i t e  should  g e n e ra te  s p l i c e d  nRNA o f  1349 n e c l e o t i d e s  v h ic h ,  a s su n in g  

a p p ro x in s te ly  100 n e c le o t i d e s  i a  s p o ly (A )+ t r a c t ,  i s  c o n s i s t e n t  v i t h  

th e  s i z e  o f  1 .43  kb t h a t  ve e s t i n a t e d  f o r  nRNA in  N orthern  b l o t s  

h y b r id iz e d  to  the  n ic k  t r a n s l a t e d  cDNA c lo n e  ( F ig .  2 7 ) ,  and ( i v )  i t  i s  

c o n s i s t e n t  v i t h  th e  s i z e  o f  th e  cDNA g e n e ra te d  vhen a 131 base  p a i r  

HtlAI  r e s t r i c t i o n  f ra g n e n t  d e r iv e d  f ro n  th e  3 '  -en d  o f  o e r  cDNA c lo n e  

i s  nsed to  p r in e  r e v e r s e  t r a n s c r i p t a s e  u s in g  HeLa c e l l  po ly (A )0+  nRNA 

as  a t e n p l a t e  ( P e t r o s  H an tzopou los ,  Ph.D . t h e s i s ) .

Seqeences honologons t o  th e  c a n n o n ic a l  CAAT box (GGQCAATCT; Q i s  C 

o r  T) a re  seen  a t  p o s i t i o n  736 (GGTCAATAT), v h ic h  co rre sp o n d s  to  

p o s i t i o n  -148 r e l a t i v e  to  the  proposed  t r a n s c r i p t i o n  i n i t i a t i o n  s t a r t  

s i t e  aad a t  p o s i t i o n  835 (AAACAATAA), v h ic h  i s  a t  p o s i t i o n  -5 0  r e l a t i v e  

t o  the  i n i t i a t i o n  s t a r t  s i t e .  The CAAT box i s  connonly  p r e s e n t  in  

e u k a ry o t ic  p r o n o te r s  rec o g n ize d  by RNA p o ly n e ra s e  I I ,  and i t  i s  n o s t



77.

i

A B

1 2  3 1 2  3

F i g .  27 . N orthern  b l o t  a n a ly s i s  o f  a lp h a - g a l a c to s i d a s e  mRNA. 
HeLa c e l l  po ly (A )+  KNA b e fo r e  ( la n e  1) o r  a f t e r  ( l a n e  2) polysome 
iausunoabsorp tion  v i t h  a n t i - a l p h a - g a l a c t o s i d a a e  A a n t i b o d i e s .  P a n e l  A 
shows the  p i c t n r e  o f  th e  a g a ro se  g e l  s t s i n e d  v i t h  e t h i d i n a  b ro n id e  
b e fo r e  t r a n s f e r  and p a n e l  B shove an a u to ra d io g ra p h  o f  th e  N o r th e rn  
b l o t  a f t e r  h y b r i d i z a t i o n  t o  n ic k  t r a n s l a t e d  pAG18 cDNA i n s e r t .  Based 
on th e  M ig ra t io n  o f  th e  18S and 288 human r ib o s o a a l  s u b u n i t s  ( l s n e  3 ) .  
th e  a lp h a - g a l a o to s i d a s e  A aRNA v s s  e s t im a te d  t o  be 1 .43  k b .  (F ig u re  
ta k e n  f r o a  Bishop e t  a l . ,  1986) .



o f te n  found a t  p o s i t i o n  -70  to  -80  r e l a t i v e  to  th a  t r a n s c r i p t i o n  

i n i t i a t i o n  s i t s  (B e n o is t  a t  a l . .  1980; Cordsn a t  a l . ,  1980; 

E f a t r a t i a d i s  a t  a l . ,  1980).

C w a n ta r  A nalyses  o f  A lp h a -O a ls c to s ld s se  A Canonic P r a a n a n t . Tha 

Enropaan M olacn lar  B io logy  L ib r a r y  and GsnBank L ib r a r y  were sa a rc h a d  

f o r  h o n o lo g ia s  to  th a  a lp h a - g a l a c to s i d a s a  A genonic  f r a g n a n t  shown in  

F i g .  23 .  A GA-rich sag n an t  o f  a p p ro x in a te ly  60 n n c l a o t id a s  t h a t  

ex tends  f ro n  p o s i t i o n  391 to  430 ( F ig .  23) i s  h ig h ly  honologons t o  a 

seqnence found in  e le v e n  o t h e r  genes (Table  4) f ro n  v a r io u s  o r g a n i s n s ,  

in c lu d in g  hunan, ch in p a n z e e ,  r a t ,  n ouse ,  f r o g ,  i n s e c t ,  and sea  u r c h i n .  

No o th e r  s i g n i f i c a n t  n u c le i c  a c id  h o no log ie s  to  sequences  in  th e  d a ta  

b a s e s  were d e t e c t e d .  A s e a rc h  o f  tha  N a t io n a l  B io n a d ic a l  Resource  

Foundation  a n in o  a c id  sequence l i b r a r i e s  r e v e a le d  no s i g n i f i c a n t  

h o n o lo g ie s  to  the  31 an ino  a c id s  o f  th e  s ig n a l  p e p t id e  f o r  hunan 

a lp h a - g a l a c to s i d a s a  A.

S ev e ra l  d i r e c t  and in v e r t e d  r e p e a ts  a re  l o c a te d  betw een p o s i t i o n s  

390 and 980 ( F ig .  23; T ab le  3 ) .  There  a re  fo u r  ta n d e n  r e p e a t s  o f  a 10 

n u c le o t id e  e le n a n t  l o c a te d  u p s t r a a n  o f  th a  CAAT box ( p o s i t i o n  613 t o  

6 71 ) ,  and i t  nay  be s i g n i f i c a n t  t h a t  th e s e  a re  r e g u l a r l y  s p a c e d ,  b e in g  

s e p a ra te d  by 6 , 7 ,  and 6 n u c l e o t i d e s ,  r e s p e c t i v e l y .  Tha s i g n i f i c a n c e  

o f  th e s e  and o t h e r  r e p e a te d  se q u en c e s ,  i f  a ny , i s  unknown, and th e  

p re se n c e  o f  ly s o s o n s l  enzyne s p e c i f i c  sequences c a n n o t  be d e t e m i n e d  

s in c e  no o t h e r  genonic  c lo n e s  f o r  t h i s  c l a s s  o f  enzynes have been 

c h a r a c t e r i z e d .



Tablo 4 . Tit* hoaologoaa GA—ric h  e l r a i a t  t p i t n u  o f tho  a lpha— 
g a lae to a id aao  A p ro a o to r .

HOMOLOGOUS SEQUENCE

1 . GAGAXGGGGGGGAGGAGGGAGAGAGCGCGAGGGGGGAGGGGAAAGCAGAGAACGAAAGAGGCGGAG
2 .  . . .  .TAG. .A.......... AA.A. .AA.. . A . . .  .AGO. . A . . .A .A .. . .
3 ..........................AAA.......................
4 .  . . . . G  A .A .* ................A .A . .G . .* .......... G A ..G .. . .
5 .  . . . :  . . C .............. .. ............... ........................................
4 .  . . . «CA. . . . . «CT. . . . c r . . . . . . .
7 .  . . . G C . . .A .A . . . :  . .A ................... A . . . . A ..............
8 . .C ............................  . . . C . . . T ....TCG.G. . • .........
9 .  . . . G G . . . C ........................A...............C .C..........

10 . . . • .A.A.A. . . . 6 . . . . . . . . .A.A. . . . . . . . . .A .* . 0 . «^.««•«
11 ...............+ .A.A.A............ A...............A .A.................G..........
12 . .A.X. . . . . . .  «CX. . .  .A*. .  .X. . .  • . .  .A«GG. .AG. .A. .  .AG. .A. .

For ooeh goao , tho  aoqaoaeo aad a a c lo o t id o  p o s i t i o a  o f  th o  hoaologoaa r o g io a  io  
i a d i c a t o d .  Aa a o to r i e k  ( • )  i a d i e a to o  a gap aad tho  c o lo a  ( : )  i a d ie a to o  a a a t e h  w i th  
oao haso  lo o p o a t .  Xho goaos a ro :  1) a lp h a - g a l a c to a id a a o  A ( t h i a  w ork). 2) e h i a p -
paazeo  A la  typo DNA (Maoda o t  a l . .  1983) .  3) aoaoo Ig  kappa (Vaa Noss o t  a l . .  1981), 
4) aonso g l a a d a l a r  k a l l i k r o i a  (Masoa o t  a l . ,  1983), 3) aoaoo a lp h a -2  typo  I  e o l l a g o a  
(Schmidt o t  a l . ,  1984) ,  6) r a t  e a rd ia c  a lp h a -a y o o ia  hoawy c h a ia  (Mahdawi o t  a l . ,  
1984). 7) r a t  188 rSNA (C aaaidy  o t  a l . .  1 9 82 ) ,  8) r a t  288 rKNA (Chaa o t  a l . ,  1983). 
9) f ro g  28 8 rINA (Varo o t  a l . ,  1983), 10) D ro o o p h l l la  ▼ i r l l i a  a ia p lo  ro p o a t  
aoqaoaeo (X aa ts  aad l o a a ,  1984) ,  11) aoa a r c h i a  h ia to a o  H4 (H o a ta c h o l ,  1982), aad 
aad 12) haaaa  h ia to a o  H4 ( S io r r a  o t  a l . ,  1983) .  Xho a a a b o r ia g  a y s to a  i a  wood t o  
i a d i e a t o  tho  p o a i t i o a a  o f  thoao  ro p o a ts  i a  t h a t  wood by  tho  GoaBaak d a ta  baoo .
Xho aoqaoaeo p o a i t i o a  i a  i a d i e a to d  i a  aacoad iag  o rd o r  ( ( ,  11 , aad 12) o r  doacoad iag  
( 2- 3 ,  7- 10) a a a a o r  t o  i a d i e a t o  i t s  l o e a t i o a  i a  tho  top  o r  b o t t o a  a t r a a d a ,  
ro a p o e t iw o ly .

POSIXION

391-434
2944-2911

774-734
1771-1721

292-232
403-431

33-13
370-323

2331-2494
247-220

21-42
43-94



T ab le  9 .  D i r e c t  aa  
r « | i o a .

B le a en t O r i e n t a t i o n Seqnence Match

A D ire o t GACGA*•CCAGAACTACTTCTG 
e e

GAGGAACCGAGAACTACATCTG
18/22

B D ir e c t TCACOTAAGC
e

TCACGTGAOC

TCACGTGAGC 
e e

TCATOTGAGA

9 /10

10 /10

8 /1 0

C I n v e r te d TGCTCACOTAAOCGAG 
e e

ACGAGTGCACTGOCTC
14/16

D D i r e c t TCTCGGTCAC• GTGAGCAA 

TC*CGGTCACCGTGA*CAA
16/19

E I n v e r t e d ACCTCTGGGG
e

TGGAGTCCCC
9 /10

F I n v e r t e d OTCATCGOTGA

CAGI*GCCACT
10/11

Tbe r e p e a t  e l e a e a t a  l a b e l l e d  A-F a re  a l ig n e d  to  p e r a i t  a a z ia n a  
hoao logy . The a s t e r i c k  ( • )  i n d i c a t e s  a a i s a a t c b  o r  gap . The lo c a t io n s  
o f  th e  r e p e a t  e l e a e n t s  a re  i n d ic a te d  i a  F ig n re  29 .



The Bbvl Co m m i m   Of . .A lpha-O a la o to a f d a s a __A. The

n u c le o t id e  and aa in o  a c id  sequences c o rre sp o n d in g  to  tba  s ig n a l  p e p t id e  

o f  a l p h a - g a l a c to s i d a s e  A was coapared  to  tboaa  known f o r  tb a  o t b a r  

bnaan ly s o a o a a l  enxyaes: c a tb e p s in  B (Cban a t  a l . ( 1 9 8 0 ,  c a tb e p s in  D

(F a n s t  a t  a l . ,  198S), b a ta - g ln c o c a r a b r o a id a a a  ( T s n j i  a t  a l . ,  1986),

b e ta - h e x o s a a in id a s a  a lp b a - s n b u n i t  (Myerowitz a t  a l . ,  1985) and 

b e ta - g lo c u r o n id a s e  (Oabiaa a t  a l . ,  1987) .  A lthough no e x te n s iv e  

reg io n a  o f  boaology were a p p a re n t  a t  th e  a a in o  a c id  o r  n u c le io  a c id  

l e v e l ,  s e v e r a l  p a t t e r n s  o f  boao logy , in c lu d in g  a consensus  sequence 

GCAGCQ (Q i s  C o r  T ) , t h a t  o v e r la p a  th e  ATG i n i t i a t i o n  codon o f  th e  

s ig n a l  p e p t id e  o r  fo l lo w s  w i th in  4 n u c l e o t id e s  f o r  f i v e  o f  th e s e

enzymes (T ab le  6 ) were n o te d .  T h is  consensus  sequence (which 

f o r t u i t o u s l y  in c lu d e s  a GCAGC r e c o g n i t i o n  sequence f o r  th e  r e s t r i c t i o n  

e n z y a e  B b v l)  o v e r l a p s  t h e  ATG i n i t i a t i o n  codon  f o r  b o t h

a lp h a - g a l a c to s i d a s e  A and c a tb e p s in  D, and i s  s e p a r a te d  f r o a  th e  ATG by 

two o r  fo u r  n u c le o t id e s  f o r  c a tb e p s in  B and b e ta - g lu c o c e r e b x o s id a s e ,  

r a s p e c t i v e l y .  The hoaology a l s o  ex ten d s  t o  b e ta - h e x o s a a in id a s e  

a lp h a - s u b u n i t  b u t  t h i s  r e q u i r e s  a loop ou t o f  two n u c le o t id e s  (Table  

6).

Watson (1984) p re p a re d  a c o m p i la t io n  o f  th e  a a in o  a c id  sequences 

o f  s ig n a l  p e p t i d e s ,  in c lu d in g  42 huaan genes w i th  c o a p le te  s ig n a l  

p e p t i d e s .  The c o rre sp o n d in g  n u c l e o t id e s  sequences  f o r  th e s e  genes were 

o b ta in e d  and none c o n ta in e d  th e  Bbvl  consensus seqnence f la n k in g  th e  

ATG codon. In  o rd e r  t o  expand th e  s e a r c h ,  a l l  o f  the  huaan s ig n a l  

p e p t i d e s  p r e s e n t  in  th e  GenBsnk d a ta  base  (December, 1986) were 

e x a m in ed  u s i n g  t h e  Q u e s t  r o u t i n e  o f  B i o n e t .  Among th e  133



T ab le  I ,  B o b o l o g ic s  aaoag t h o  a n o le o t id o s  e aeod iag  t h o  
s i g a s l  p e p t id e e  o f  ly s o s o a a l  e a x y ae s .

GENE NUCLEOTIDB SEQUENCE

1 .  a lp h a - g a la c to s id a s o  A atgCAGCTGAGG
11111111

2 .  o a th o p s ia  D atgCAGCCCTCC
11111111

3 .  o a th o p s ia  B atgTGGCAGCTCTGG
W W Y TO

4 . b o ta - g ln c o c e re b r o s id a s e atgGCTGGCAGCCTCAC

S. a lpha  s o b n a i t  b o t a -  
hoxosaaiiaidaao

atgACAAGCTAG 
111 1 1111

Tho a tg  i a i t i a t i o a  codoa i a  i a d io a to d  i a  l o v e r  c a s t*  
aad tho syabo la  ( -» !#  aad \ )  i a d i e a t o  o oasoasaa  eeqaeacee  
sha red  by tho  v a r io a a  a o ah era  o f  t h i a  g ro a p .  Tho Bbvl 
coaaoasaa  aoqaoaeo (GCAGCQ; Q i s  C o r  T) i a  coaaoa t o  a l l  
f iv e  goaoa.



a o n - ly s o a o a a l  k u u  s ig n a l  p i p t i d u ,  a on* c o n ta in ed  th e  Bbvl  conaenans 

aeqoenca w i th in  fo u r  n u c le o t id e s  o f  th* ATG codon. S in  o f  th aa*  hoaian 

aaqnancaa c o n ta in  th* Bbvl  conaansna sequence , b a t  th aa*  a ra  l o c a te d  13 

t o  37 n n c la o t id a a  d i a t s l  t o  th* ATG codon.

Th* Bbvl  aaqnanc* hoaology no ted  aaong f iv e  o f  th *  a i z  hunan 

ly a o a o a a l  aaqnancaa aay  n o t  ex tend  to  o th e r  a a a a a la  o r  a a y  e x i s t  f o r  

on ly  a s a b aa t  o f  ly ao a o a a l  en z y ae s ,  a inc*  th e  r a t  p r e p u t i a l  

b e ta - g lu c u r o n id a s e  s ig n a l  p c p t id *  lack s  t h i s  seqneac* ( N i s h i a a r a  a t  

a l . ,  1986) .  Aaong the  132 non-haaaa  a a n a a l i a a  s i g n a l  p a p t id a a  

e x a n id e d ,  o n ly  one c o n ta in s  th e  Bbvl  r e p e a t  i a a a d i a t e l y  f la n k in g  

( s e p a r a t e d  by fo n r  n a c l e o t i d e s )  th e  ATG codon. T h is  s i g n a l  p e p t id e  i s  

encoded in  one o f  the  seven r e a r ra n g e d  Vg genes f r o a  a BALB/c hyb r id o u s  

e l i c i t e d  by i a a a n iz a t io n  w ith  p r o t e i n s  conp led  w ith  th e  h a p te n ,  

(4 -h y d ro x y -3 -n i t ro p h e n y l)  a c e t y l  (Loh a t  a l . ,  1983).

L o c a t io n  o f  th e  P r o a a a t id a  o f  A lp h a -G a la c to s id aa *  A. We 

observed  t h a t  th e  d e g ly c o s y la te d  a a t a r *  a lp h a - g a l a c to s id a s *  A p r o t e i n  

a i g r a t e s  w i th  an a p p a re n t  a o l e c a l a r  w eight o f  a p p r o x i a a t e ly  41 ,800  

( F ig .  3 ) .  Based on t h i s  s a b n n i t  a o l e c a l a r  w eight and th e  a n in o  a c id  

c o a p o s i t io n  a n a l y s i s ,  i t  was e s t i a a t e d  t h a t  t h e r e  a re  a p p r o x i a a t e ly  370 

a a in o  a c id  r e s id u e s  in  th e  p o ly p e p t id e  c h a in .  A p r e d i c t e d  a o l e c a l a r  

w e igh t o f  45 ,346  was based  on th e  n u c le o t id e  sequence o f  th e  cDNA c lo n e  

XAG18 ( F ig .  1 4 ) ,  n o t  in c lu d in g  th e  s ig n a l  p e p t i d e .  T h is  cDNA c lo n e  

in c ln d e d  the  c o a p le te  3 '- c o d in g  r e g io n ,  b a t  on ly  p a r t  o f  th e  S '- c o d in g  

reg io n  a p s t r e a a  f r o a  th e  f i r s t  a a in o  a c id  o f  th e  n a tu r e  f o r a  o f  th e  

enzyne. The r e s u l t s  p r e s e n te d  h e re  c o a p le te  th e  sequence a t  the  

3 ' - e n d ,  and i n d i c a t e  th e  p re se n c e  o f  the  s ig n a l  ( p re p e p t id e )  b u t  n o t  a 

p ro p e p t id e  a t  the  a a in o  t e r n i n u s .  The n o s t  c a r b o x y - t e r a i n a l  t r y p t i c



p e p t id e  f o r  which a a in o  a c id  sequence i s  a v a i l a b l e  spana a a in o  a c id s  

363 t o  370 ( F ig .  1 4 ) ,  w h ile  the  cDNA sequence i n d i c a t e s  an open rea d in g  

frame ex te n d in g  t o  a a in o  a c id  398. T h is  a o s t  c a rb o x y - te rm in a l  r e g io n  

p resum ably  c o n s t i t u t e s  th e  p ro p e p t id e  t h a t  i s  c le a v e d  f r o a  the  

p roenxyae  f o r a .  I f  p roensyae  p r o c e s s in g  took p la c e  a t  b a s ic  a a in o  

a c i d s ,  as  o c c u rs  f o r  the  huaan c a th e p s in  B p ro p e p t id e  (Chan a t  a l . ,  

1986), then  p o t e n t i a l  p r o te a s e  c le a v a g e  s i t e s  a t  Arg r e s id u e s  a t  

p o s i t i o n s  371 and 373 would r e l a a s e  p o ly p e p t id e s  w i th  28 a a in o  a c id s  

(3 ,223  d a l to n s )  o r  26 a a in o  a c id s  (2 ,934  d a l t o n s ) ,  r e s p e c t i v e l y .  T h is  

a g re e s  w e l l  w i th  th e  3 ,546  d a l to n s  p r e d i c te d  f o r  th e  p r o p e p t id e  based 

on th e  d i f f e r e n c e  in  th e  observed  m o le c u la r  w eight o f  th e  n a tu r e  enzyme 

(4 1 ,8 0 0 ) ,  and the  cod ing  c a p a c i ty  p r e d i c te d  by th e  cDNA c lo n e  (45 ,346  

d a l to n s )  a f t e r  re n o v a l  o f  th e  s ig n a l  p e p t i d e .  In  a d d i t i o n .  T ab le  2 

shows good agreem ent in  o o a p a r iso n  o f  th e  p r e d i c t e d  a a in o  a c id  

c o n p o s i t io n  o f  th e  p r e d i c t e d  n a tu r e  enzyae ( i f  c le a v e d  a t  a a in o  a c id  

371) to  the  a a in o  a c id  c o n p o s i t io n  a n a ly s i s  perfo rm ed  on p u r i f i e d  human 

a lp h a - g a l a c to s i d a e  A and b a sed  on a s u b u n i t  m o le c u la r  w e ig h t  o f  4 1 ,8 0 0 .



85.

DISCUSSION

Our i n i t i a l  e f f o r t s  t o  i s o l a t e  a cDNA a lo n e  f o r  h s a u  a lp h a -  

t a l a e t o s i d a s e  A were b ased  on tb e  d e s c r i p t i o n s  o f  two te c h n iq u e s  f o r  

i s o l a t i n g  s p e o i f i e  DNA aeqnenees and on ou r  l i a i t e d  knowledge o f  th e  

p r o t e i n  s e q u e n e e .  I n  1979 Noyes e t  a l .  d e v e lo p e d  a 

tec h n iq u e  and o b ta in e d  th e  p a r t i a l  n u c le o t id e  sequenee o f  hog g a s t r i n  

aRNA us in g  an o l ig o n u o le o t id e  t o  p r in e  poly(A )+  aRNA. F o llow ing  th e  

work o f  Noyes e t  a l .  (1 9 7 9 ) .  s e v e r a l  g roups used  t h i s  g e n e ra l  approach  

t o  i s o l a t e  s e v e r a l  genes ( e . g .  r a b b i t  b e t a - g l o b i n ;  W allace e t  a l . ,  

1981, and r a t  r e l a x l n ;  Hudson e t  a l . ,  1981) .  The use  o f  s y n th e t i c  

o l ig o n u o le o t id e  a i x t u r e s  t h a t  r e p r e s e n t  a l l  p o s s i b l e  codon e o a b in a t io n s  

o f  a p o r t i o n  o f  a a in o  a e id  sequenee as  h y b r i d i s a t i o n  p ro b es  t o  s e re e n  

f o r  e loned  DNA se q u e n c e s ,  was p io n e e re d  by Suggs e t  a l .  ( 1 9 8 1 ) .  O the r  

groups ( e . g .  Woods e t  a l . ,  1982; B re s lo v  e t  a l . ,  1982) u sed  t h i s  

a e t h o d o l o g y  t o  s u c c e s s f u l l y  i s o l a t e  g e n e s  f o r  t h e  a a j o r  

h i s t o e o a p a t i b i l i t y  c o a p l c x  f a c t o r  B and  a p o l i p o p r o t e i n  A - I ,  

r e s p e c t i v e l y .  When Young and D avis  (1983) d e s c r ib e d  a X g t l l  e x p r e s s io n  

a y s te a  t h a t  p e r a i t t e d  ia a u n o lo g ic  d e t e c t i o n  o f  e lo n e d  cDNA s e q u e n e e s ,  

we pu rsued  t h i s  s c re e n in g  te e h n iq u e  as  a e o a p le a e n ta ry  a p p ro a c h .  To 

d a t e ,  th e s e  a e th o d o lo g ie s  have proved  t o  be p o w e rfu l  t e c h n iq u e s  i n  th e  

i s o l a t i o n  o f  s p e e i f i e  genes o r  p r o t e i n s .

The a fo rem en tioned  te c h n iq u e s  were used  i n  p a r a l l e l  s in c e  a l l  have 

in h e r e n t  advan tages  and d i s a d v a n ta g e s .  F i r s t ,  a l l  s c re e n in g  p ro c e d u re s  

can  d e t e c t  f a l s e  p o s i t i v e  c lo n e s  due t o  c r o s s - r e a c t i v e  a n t i g e n i c  s i t e s  

o r  i d e n t i c a l  n u c le o t id e  se q u e n c e s .  Second, th e  c lo n e  a a y  n o t  be



d e te c t e d ,  f o r  u u p l i ,  i f  tb*  l i b r a r y  does mot c o n ta in  a f a l l  l e n g th  

cDNA aaqaaaoa aad o a ly  a a ia o  to m iaa l  a a ia o  a c id  sequence i s  k a o a a .  A  

c lo a a  w i l l  ba a i s s e d  w ith  ia a u a o lo g ie  a c ra a a ia g  ta c h a iq a a  i f  th o  e lo a a  

o f  i a t a r a a t  doaa a o t  e z p re s s  th e  p r o t a i a .  Thia  w i l l  o eoar  i f  th e  oDNA 

ia  o a t  o f  th a  p ro p e r  f r a a a  f o r  t r a a a l a t i o a  o r  i f  th o  i a a a r t  ia  c lo s e d  

i a  th e  o p p o a it#  o r i a a t a t i o a .  Tha a a t ib o d y  d a t a e t i o a  a a th o d  oaa  o a ly  bo 

aaod t o  acrooa  cDNA l i b r a r i e s ,  w he reas ,  tho o l ig o a a c l a o t i d o  to ch a iq ao  

can be aaod to  ac rooa  b o th  goaoa ic  and cDNA l i b r a r i o a .  However, a 

problem  caa  a r i s e  w i th  tho  o l ig o n a o le o t id o  approach  i f  tho  a a ia o  a c id  

d a ta  i s  u n c e r t a i n ,  which i s  n o t  a n a s a a l  f o r  p r o t e i n s  t h a t  a re  d i f f i c n l t  

t o  p n r i f y  i a  l a r g o  q m a n t i t i e a .  F o r  t h i s  r e a s o n ,  wo nade ao ro  th a a  oao 

o l ig o n a o le o t id o  a i z t u r e  spanning  s e p a r a te  a a ia o  a c id  se q n en c e s .  b o th  

tho  o l ig o n a o le o t id o  and ia a u n o lo g ie  sc re e n in g  p rooodaros  e a p lo y  h ig h  

d e n s i t y  s c re e n in g  which e n a b le s  one to  s c ro o a  a la rg o  n a a b o r  o f  

ro o o a b ia a n t  c lo n e a  in  one s c r e e n in g .  Tho a se  o f  o l ig o n a o lo o t id o s  as  

h y b r id i z a t io n  p ro b es  has  tho  advan tage  o f  o b ta in in g  g r e a t e r  s p e c i f i c i t y  

th an  tho  aRNA p r i a i a g  to ch a iq ao  f o r  tho  p r o d a c t io a  o f  cDNA p r o b e s .  

Under tho  a p p r o p r i a t e  h y b r i d i z a t i o n  c o n d i t io n a ,  fo rm a tio n  o f  a b a se  

p a i r  a i s n a t c h  i a  a o t  d e t e c t e d ,  whoroaa base  a i s a a to h e a  a re  t o l e r a t e d  a t  

th e  S ' -  end o f  tho  p r i a e r  by  r e v e r s e  t r a n s c r i p t a s e .  An advan tage  o f  

th e  a n t ib o d y  d e t e c t i o n  method i s  t h a t  a r e l a t i v e l y  s n a i l  a n a b e r  o f  

s p e c i f i c  a n t ib o d ie s  a re  p rodnced  t o  th e  p r o t e i n .  However, w i th  

o l i g o n u c l e o t i d e s ,  o n ly  one member o f  a l a rg e  a i z t n r e  i s  s p e c i f i o  f o r  

th e  c lo n e  due t o  a a in o  a c id  codon redundancy .

B es ides  th e  i n h e r e n t  d isa d v a n ta g e s  to  th e  s c re e n in g  m e th o d o lo g ie s ,  

th e  i s o l a t i o n  o f  human ly s o s o a a l  h y d ro la se  genes  has been haapered  

because  th e y  c o n s t i t u t e  a v e ry  s a a l l  p e r c e n t  o f  th e  mRNA p o o l .  

I n d iv id u a l  ly s o s o a a l  enzymes make up l e s s  than  0.1% o f  th e  t o t a l



p r o ta i a  i a  a o s t  huaaa c a l l s  (Myerovitz sad Neufeld, 1981). For 

v i t h i a  huaaa lung, s lp b s -g a la c to s id a s e  A c o a s t i t a t s s  

a p p ro z ia a te ly  0.002% of t o t a l  c a l l a l a r  p r o t a i a .  I a  a d d i t io n ,  v i t b  tba  

•z c a p t io a  o f  tba s ta ro id  iadacad r a t  b a ta -g la c a ro a id a s a ,  tb a ra  ia  ao 

kaova ia d a e t io a  aatbod wbiob oaa s i g a i f i o a a t l y  iao raaaa  tba  aya tbaa ia  

of lyaoaoM l aazyaas . I a  a p i ta  of tbaaa  h u rd le s ,  s e v e ra l  in v e s t ig a to r s  

have baaa aaceaasfa l  i a  i a o la t i a g  cDNA c lo aaa  aacodiag baaaa lysoaoaa l 

b y d ro lasaa .  Tba oDNA obta ined  f o r  a lp h a - fu c o s id a se  was considered  to  

ba ona o f  tba r a r e s t  c lones  i s o la te d  to  d a ta ;  a lpba-fnoosidase  aRNA is  

a a t ia a te d  to  ba 0.002% and i t s  p r o t a i a  c o n c e a t r a t io a  i s  e s t i a a te d  a t  

0.01% of l i v e r  p r o t a i a  (Graatbaa a t  a l . ,  1981). Altboagb a a a j o r  

c b a l le a g e .  tba i s o l a t i o a  of tbaaa r a r e  aRNAs w i l l  obviously  a id  

e ln o id a t io a  of s t r u c t u r e ,  fu n c t io n ,  t r a f f i c k i n g ,  aad a zp re ss io a  of tba  

gene p ro d u c ts .  Moreover, s i g n i f i c a n t  i a a ig b t  in to  tba  a o l e e u la r  

la a io a s  o f  ly sosoaal s to rag e  d is e a se s  v i l l  ba advanced.

Our e f f o r t s  to  screen  cDNA and genoaic l i b r a r i e s  v i t b  a iz e d  

o lig o n u c leo t id e  probes i d e n t i f i e d  s e v e ra l  p o a i t iv a  b y b r id ia ia g  c lo a a a ,  

bovavar, none proved to  ba a boaa f id e  o loaa ap ao if io  f o r  a lp b a -  

g a la c to s id a sa  A. Wbaa tba o l ig o n u c le o t id e  probe was l i a i t a d  t o  a 

a i z tu r e  o f  a ig b t  spec ie s  ( i . e .  probe 2A/2B; F ig .  1 ) ,  over 30 p o s i t i v e  

c lones  vb icb  s p e c i f i c a l l y  h yb rid ized  to  t b i s  probe vere i s o la te d  f ro a  

cDNA and geaoaic l i b r a r i e s .  Of tb e se  30 c lo a a a ,  oa ly  one d e a o a a tra te d  

p o s i t i v e  h y b r id iz a t io n  to  a second o l ig o n u c le o t id e  (poD l). N uoleotide 

sequence a n a ly s is  of a 411 base p a i r  f r a g a e a t  f ro a  oloaa pcD l, vb icb  

bound bo th  o l ig o n u c le o t id e s ,  revea led  t h a t  the  surrounding n u c le o t id e s  

did a o t  n a tch  the knova aaino  ac id  codons f o r  the  a lp h a -g a la c to s id a se  A 

gene p ro d u c t .  A dd itiona l sequence a n a ly s i s  o f  ano ther  c lo n e ,  pcD21, 

i s o la te d  under inc reased  s tr in g e n cy  c o n d i t io n s ,  revea led  th a t  t h i s



clone contained oonpleaentary  i t f s t n e *  w ith  a p e r f e c t  match to

o lig o n u c leo t id e  2B, b a t  tba  surrounding n u c le o t id e s  d id  a o t  match tba  

known a lp h a -g a lae to s id ase  A sequence. Thia r e s u l t  d a a o a a tra ta a  aa 

obvious l l a l t a t l o a  to  tha aaa of o l lg o a a o la o t ld a  m ix tu res .

Whoa o l lg o a a o la o t ld a  a lx ta r a a  wara a t l l l x a d  to  p r l a a  aRNA l a  tha  

praaaaoa o f  rev e rse  t r a n s c r i p t a s e ,  N ac lao tlda  aaqaaaca ana lyses  o f  tha  

a a jo r  cDNA bead prodacta  l d a a t l f i a d  ao ra  f a la a  p o s i t i v e s .  That la  to  

• ay ,  f a la a  la  th a t  they did  ao t  corraapoad to  tha  kaova a a iao  a d d  

codoaa fo r  a lp h a -g la c to s id a se  A gaaa . However, apoa loag axpoaaraa o f  

tha  X-ray f l l a ,  s ev e ra l  weak cDNA baad p rodacta  vara  e v id e n t ,  and 

p o aa ib ly  oaa of tbaaa a in o r  cDNA prodac ta  was copied f ro a  tha  

a lp h a -g a la c to a id a sa  A aRNA. However, a f t e r  tha i s o l a t i o n  o f  a cDKA 

clone s p e c i f ic  f o r  a lp h a -g a la c to s id a sa  A, va ob ta ined  a oniqae p roduct 

as lag a oniqoe 131 n ac la o t ld a  r e s t r i c t i o n  f rag acn t  f ro a  t h i s  c lone  to  

p r l a a  aRNA.

Ta i s o la te d  a cDNA clone s p e c i f io  f o r  hoaan a lp h a -g a la c to s id a s a  A 

by tha  iaaunologic d e te c t io n  method. Our success was p resu aab ly  doe to  

tha  a v a i l a b i l i t y  of h ig h ly  s p a c i f io  a n t ia e ru a  and a la rg e  l i b r a r y .  A 

cDNA clone was ia o la ta d  f ro a  a hoaan l i v e r  cDNA l i b r a r y  c o n s tru c te d  in  

a X g tl l  express ion  sy s ta a  whan a p p ro x ia a te ly  1 .4  X 107 p laques  vara  

screened w ith  aonospac if io  p o ly c lo n a l  a n t ib o d ie s .  Poor a n t ib o d y -  

p o s i t i v e  c lones  vara  id e n t i f i e d  i n i t i a l l y ;  o f  tha  fo u r ,  on ly  

one (XAG18) dem onstrated bo th  an tibody  a p a c i f i c i t y  in  c o a p e t i t io n  

• • • a y s  w ith  p u r i f i e d  anxyaa and s p a c i f io  h y b r id i s a t io n  to  s y n th e t ic  

o l ig o n u c leo t id e  m ix tu res .  In  t h i s  s i t u a t i o n ,  the  o l ig o n u c le o t id e  

a ix tu r e s  vara  used to  c o n f i r a  tha  i d e n t i t y  of tha clone as opposed to  

p r i a a r y  s e le c t io n  of tha  c lo n e .  Tha a u t h e n t i c i t y  o f  clone XAG18 was 

v e r i f i e d  by n u c leo t id e  sequence a n a ly s i s  o f  tha  S ' -  and o f  th a  cDNA



in s e r t  u d  exact correspondence between tba  p re d ic te d  aad kaowa 

a a i a o - t e r a i a a l  a a ia o  ac id  aaqaaaca was shown.

N ucleotide aaqaaaca aaa lya ia  o f  tha  o o ap le te  a lp h a - |a la c to s id a c a  A 

cDNA ravea lad  aa open read lag  f ra a a  o f  1226 a a e le o t id e a .  The 

a a i a o - t e r a i a a l  oodoa fo r  tha a a ta r a  aaxyaa waa lo c a ted  by ag raaaaa t 

batwaaa tha  p r a d ie ta d  aaiao  acid  aaqaaaca f ro a  tha  a u o le o t id e  aaqaaaca 

aad tha  kaowa a a i a o - t e r a i a a l  a a iao  acid  aaqaaaca. T r a a a la t io a  of tha 

opaa raad iag  f ra a a  ahowad ag raaaaa t w ith  86 of 100 non-overlapping 

aa iao  ac id  r a a id a a a .  This is  aa e x c e l le a t  c o r r a l a t i o a  c o a s id e r ia g  th a t  

th e re  was s a b s t a a t i a l  a a c a r t a i a ty  coacera iag  tha  accuracy o f  tha  aa iao  

ac id  aaqaaaca d a ta  due to  tha l i a i t a d  q a a a t i t y  of a v a i la b le  aaxyaa. 

F ro a  th a  a a i a o - t e r a i a a l  codoa o f  th a  a a t a r a  a a x y a a .  th a  

a lp h a -g a la c to s id a s a  A i a s a r t  aacodad i a f o r a a t i o a  f o r  398 a a ia o  a c id s .  

A lso , tha  l a s t  f iv e  aa iao  ac ids  of a p re c u rs o r  fo ra  ware aacodad ia  

t h i s  oloaa (F ig .  14 ) .  At th a t  t i a e .  i t  was ao t  c l e a r  whether these 

f iv e  aa iao  a c id s  ware tha carboxy te ra io u s  of tha s ig a a l  pap tida  

(p rap ap t id a )  o r  tha  carboxy t e r a i a u s  o f  tha  p ro  p ia o a .

Two coasaasas  p o ly a d eay la t io a  cleavage s i t e s .  ATTAAA aad AATACA. 

ware i d a a t i f i a d  12 aad 28 a a c la o t id a s ,  r a s p a c t iv a ly .  a p s t r a a a  f ro a  tha 

a top codoa i a  tha  a lp h a -g a la c to s id a sa  A cDNA c lo a a .  A pprox iaa te ly  12% 

of v a r ta b r a ta  aassagas  c o a ta ia  tha  saqaaaca ATTAAA. aad AATACA oaly  

occars  i a  2% of tha  aassagas (Vickaas aad Stepheasoa, 1984). Tha 

p e a ta a o e le o t id e  aaqaaaca. CACFG. a s s o c ia te d  w ith  tha  U4 s a a l l  r ib o -  

a a c le a r  b ia d ia g  p r o t a i a .  was loca ted  a t  tha 3 ' -  aad o f  tha 

a lp h a -g a la c to s id a s a  A cDNA. M aaipa la t ions  ( i . e .  d a l a t io a s  aad 

a a c le o t id e  a a t a t i o n s )  of tha cDNA clone w i l l  enable s t a d i a s  to  

a s c e r t a in  tha  a s s a a t i a l  f e a ta ra s  necessa ry  f o r  p o ly a d e a y la t io a .

Tha p re d ic te d  aa iao  acid  sequence id e n t i f i e d  fo a r  p o ss ib le



N -g ly co sy la t io a  s i t e s  (F ig .  1 4 ) .  This i s  c o n s i s t e n t  w ith th s  

o b se rv a tio n  th a t  tha  p a r i f i e d  a a t a r a  enzyae f ro a  huaaa t i s s a a s  aad 

p la sa a  c o a ta ia a  oaa o r  aore a s p a ra g ia a - l i a k a d  o l ig o sa e c h a r id a  chaias  

(Dasaiek aad Sweeley, 1983; LaDoaaa a t  a l . ,  1983). Tha fo a r  p o ss ib la  

N -g ly o o sy la t io n  s i t a a  aa ra  a l l  looa tad  i a  b e t a - t a r a s  w i th ia  hydrophilio  

rag ioas  o f  tha  p a p t id a  (F ig .  IS) aa aoa ld  ba p ra d ic ta d  fo r  sa rfaea  

l o o a l i z a t i o a  aad exposure .

P rev ious  to  t h i s  c lo n e ,  tha absaaoa o f  a 3 ' -  a a t r a a s l a t a d  rag ioa  

between tha  UAA s to p  codoa aad tha poly(A)+ t a i l  has a o t  baea reportad  

fo r  a a o la a r  coded t r a a s c r i p t s .  However, tha absaaca of a 3 

a a t r a a s l a t a d  ra g io a  has beaa d esc r ib ed  f o r  a i to c h o a d r i a l  geaas 

(Aadersoa a t  a l . ,  1981). A sea rch  o f  the  d a ta  base i d a a t i f i e d  3 ' -  

o n t r a a s l a t e d  rag io a s  as sh o r t  as 10 aad IS a a c la o t id a s  f o r  haaaa f a c to r  

X (Laytas  a t  a l . ,  1984) aad f o r  tha  b e ta - s u b u n i t  of haaaa cho rioa ic  

gonado trop ia  (F iddas aad Goodaaa, 1980), r e s p e c t iv e l y .  Tha l i a a s  of 

av idaaca whieh support t h i s  uaiqne f a a t a r a  a r a :  i )  tha  3 ' -  rag ioa  of 

tba  c loaa  was sequenced independently  fo a r  t i n e s  f ro a  b o th  s t r a n d s ,  i i )  

tha  a o s t  c a r b o x y - te r a ia a l  t r y p t i c  p a p t id a ,  T-S3A (F ig .  14 ) ,  c o n f i n e  

tba  read in g  f r a a a  a t  tha  3 ' -  aad , i i i )  th a  consensus p o ly a d e a y la t io a  

s ig n a ls  aad D4 s a a l l  r ib o a a e la a r  b ind ing  s i t e  vara  id e n t i f i e d  as 

d e sc r ib e d  above, aad iv) aa a lp h a -g a la c to s id a s a  A cDNA oloaa i s o la te d  

f ro a  an independent l i b r a r y  co n ta iaa d  th a  i d e n t i c a l  3 ' -  aaqaaaca as tha  

o r ig i n a l  c lone  (Bishop a t  a l . ,  1986). A f te r  th a  i d e n t i f i c a t i o n  of oar  

c lo n e ,  Janh  a t  a l .  (1986) i d e n t i f i e d  a r a t  tb y a id y la te  synthase 

ae ssan g er  which s i a i l a r l y  lacks a 3 ' -  u n t r a n s la te d  re g io n .

Conpatar a ided  hoaology searches  o f  a a ia o  ac id  aad n u c le o t id e  d a ta  

bases  d id  no t re v e a l  any s ig n i f i c a n t  hoaology to  o th e r  c h a ra c te r iz e d  

genes .  A cosiputer sea rch  of tha  d a ta  a v a i la b le  f o r  o th e r  ly sosoaal



h y d r o l i H i  revea led  t h a t  oaly  i l p k i~ ( « o o iU i t*  (a u c le o t id e a  31 to  178) 

ahowed l i a i t o d  hoaology (52%) to  a u c le o t id e a  34 to  1(1 of tho a lp h a -  

galootooidooo A cDNA. Tho loch of hoaology o t  tho o a iao  ooid lovo l 

between tho oequeaced lyooooaol enxyaee oad tho kaovlodgo t h a t  tho 

denatured  oaayao dooo a o t  o o a ta la  tho aooooaory ro o o g a l t io a  a ig a a l  fo r  

p h oephory la tioa  aad hoaoo, t ra a o p o r t  to  tho lyooooao (Laag o t  a l .*  

1984)* oapporto tho hypothooio th a t  aoooadary o r  t e r t i a r y  a a iao  ae id  

a t r a c ta ro a  dofiao  lyaoaoaal d o to ra ia a a ta  aoooasary ia  tho M-6-P 

ro o o g a i t io a  pathway.

A fto r  tho a n c le o t id e  teqaoaoo fo r  tho cDNA eloao waa d e te ra iae d *  a 

unique o ligo ao o lo o t id o  (23-aor) waa ayathoaixod to  acrooa goaoaio 

l i b r a r io a  to  o b ta ia  tho ooaploto a a c lo o t id o  aequeace oacodiag tho 

proprooazyao. This rag io a  waa of i a to r o a t  to  aa a iaeo  tho cDNA oloaa 

waa t ra a c a to d  a t  tho S ' -  oad. aad wo wiahod to  i d e a t i f y  tho aeqaoaoo of 

tho p ro a o to r  rag io a  aad aay aaaocia tod  ro g a la to ry  a ig a a la .  Aa obwioaa 

advoatage o f  a aa iqao  o lig o aao lo o t id o  probe coaparod to  a a io k  

t r a a o la to d  oDNA to  acrooa goaoaio l i b r a r i o a  ia  th a t  tho i d o a t i f i c a t i o a  

proooaa ia  a p o c i f i c a l ly  Borrowed to  c loaaa  c o a ta ia ia g  t h a t  p a r t i o a l a r  

r a g io a .  Dopoadiag oa tho aizo aad aaabor o f  in trone*  a goao aay opaa 

zoworal k ilobaaoo o f  DNA* aad a a ic k  t r a a a la to d  oDNA w i l l  a o lo c t  a l l  

oloaoa c o a ta ia ia g  ozoaa. Alao* tho a ig a a l  to  aoioo r a t i o  waa aoro 

favo rab le  w ith  a loag ( e .g .  g r e a t e r  th aa  17 a a c lo o t id o a )  aaiqao  

oligOBBCleotide coaparod to  th a t  o f  a ic k  t r a a a la to d  proboa .

Two p o a i t iv e  cloaaa* XMQ1 aad XMQ2* w ith  i a a o r ta  o f  a p p ro x ia a te ly  

IS aad 17 kb* roapoctiwoly* were ia o la to d  f ro a  tho i a i t i a l  acrooa iag  of 

a 4X Cheroa 30 goaoaic l i b r a r y .  Cloao id o a t i t y  waa eo a f i ra o d  whoa 

Soathora b lo t  a a a ly a ia  o f  SacI  d igea tod  phage DNA d e te c te d  a S .3 kb 

f ra g a e a t  f ro a  bo th  c loaca  th a t  bound a p o c i f i c a l ly  to  o l ig o n u c le o t id o a  H



■ad 2B aad to  aiok  t r a a a la to d  a lp h a -g a lac to a id aaa  4 cDNA l a a a r t .

Tha a a a la o t id a  aaqaaaca laforaat& oa f o r  tha  rag io a  t h a t  az taada 

a p p ro z ia a ta ly  S80 a a o la o t id a a  a p a t ra a a  of tha  propoaad a i t a  of

t r a a a e r i p t i o a  waa o b ta ia a d ,  aad th i a  rag io a  woald ba azpactad  to  

ia e lad a  tha a a t i r a  p ro a o ta r .  Tha a lph a-g a lao to a id aaa  A gaaa ia

raoogaizad aad t r a a a e r ib a d  by RNA polyaaraaa  I I  (rawiawad by Koadar, 

1 9 7 0 .  If aay KNA po lyaaraaa  I I  typa gaaaa hawa baaa aaquaacad aad tha  

S ' -  aada of tha  aBNAa thay  aacoda hawa baaa lo o a tad .  Thara ia  a c l a a r  

h ia ra rc h y  o f  aRNA CAP a i t a  p ra fa raa caa  w ith  A>G»U>C (Bakar aad Z i f f ,  

1981). Two abort rag ioaa  o f  c o a t ro l  hawa baaa d a f ia a d .  Tha 

f i r a t ,  raoogaizad by Goldbarg aad Bogaaaa, ia  r a f a r r a d  to  aa tha  TATA 

boz aad ia  g a a a ra l ly  foaad a t  p o a i t io a  -26 to  -31 (-*-1 ia  tha

t r a a a c r i p t i o a a l  a t a r t  a i t a ) .  A TATA boz ia  loca tad  a t  p o a i t io a  -31 

r a l a t i w a  to  th a  p ro p o aad  t r a a a e r i p t i o a  i a i t i a t i o a  a i t a  f o r

a lp h a -g a la c to a id a a  A (F ig .  2 S ) . Tha aaeoad rag io a  of c o a t r o l  ia  

looa tad  a t  tha  -70 to  -80 ra g io a  aad ia  kaowa aa tha  CAAT boz (B aaoia t 

a t  a l . ,  1980; Cordaa a t  a l . ,  1980; B f a t r a t i a d ia  a t  a l . ,  1981). Two 

CAAT b o zaa  a r c  l o c a t a d  i a  th a  p r o a o t a r  r a g i o a  o f  th a

a lp h a -g a lac to a id aaa  A gaaa a t  p o a i t io a a  -148 aad -30  r a la t iw a  to  tha  

p a ta t iw a  a t a r t  a i t a  o f  t r a a a e r i p t i o a .

Tha r a t i o  o f  oaa lyaoaoaal aazyaa to  a ao th a r  r a a a ia a  r a la t iw a ly  

e o a a ta a t ,  a l thoagh  tha  a b ao la ta  lawala o f  tba  aazyaaa aay wary w ida ly , 

aa aaaa d a r iag  orgaa dawclopaaat aad doriag  tha chaagaa ia  tha  aoaber 

o f  lyaoaoaea i a  a c a l l  (P a igaa ,  1979). Thia i a d ic a ta a  tha  p raaaaca  of 

aachaaiaaa  to  c o o rd ia a ta ly  r a g a la ta  tha ayo tbeaia  o f  th i a  c la a a  of 

aazyaaa. Tha praaaaca o f  TATA aad CAAT bozaa ia  tha a lp h a -  

ga lac to a id aaa  A gaaa p ro a o ta r  i a p l ia a  tha  praaaaca o f  a p a c i f ic  

c o a t ro la  a t  tha  lawal of t r a a a e r i p t i o a ,  a iaca  thaaa f a a ta r a a  a rc  abaaa t



f ro a  o o a i t i t i i t l v i l ;  t x p r m i d  u m l U i  h o a n k e i p i> |  | i m i ,  tack  as 

haaaa hypoxaathiae p h o sh p h o r ib o sy ltran sfe raae  (Kia a t  a l . ,  1 )M ) ,

Tha a lp h a-g a lac to a id aaa  A geaoaie  o loaa  o o a ta la a  tha aaqaaaca 

encoding tha  ao ap la ta  SI aa iao  ac id  a ig a a l  p a p t id a  t h a t  vas abaaat i a  

oar cDNA i s o l a t e s .  I t  has baaa p o s ta la ta d  t h a t  tha  a a i a o - t e r a i a a l  

a ig aa l  aaqaaaoas of lyaoaoaal p r o ta i a a  a re  raoogaiaad by aa 118 

r ib o a a o la o p ro ta ia  ( a ig a a l  r a a o g a i t io a  p a r t i e l a ;  V a l te r  a t  a l . ( 1984) i a  

a a sa a e r  a i a i l a r  to  soaa a a e rc to ry  aad i a t a g r a l  aaabraaa  p r o ta i a a .  A ll 

th ree  p r o t a i a  c la s s e s  a re  thought to  ba prooasaad by a a i a i l a r  b a t  a o t  

o e e e s s a r i ly  id e o t ic a l  pathway f ro a  t h e i r  s i t e  o f  sy a th e s is  a t  tha roogh 

eadoplasaic  r e t i c u lu a  through tha Golgi a p p a ra tu s .  At d i f f a r a a t  s ta g e s  

ia  t h i s  p rocess  tha p r o te i a s  i a  t r a a s i t  aay ba c o v a le n t ly  a o d i f ie d  by 

g ly e o sy la t io n ,  o l igosaoaharida  a o d i f i c a t i o n s ,  o r  p a r t i a l  p r o t e o l y s i s .  

Evidaaca has baaa p ra saa tad  whioh ia d io a ta s  t h a t  ro u t ia g  f ro a  tha  Golgi 

a p p a r a tu s  t o  ly s o s o a e s  r e q u i r e s  a M-6-P r e s i d u a  oa th a  

a sp a ra g ia e - l in k e d  o lig o sa ach a r id a  s id e  a h a ia  (K orafe ld , 1986). As 

d isaassad  e a r l i e r .  Laag a t  a l .  (1984) hawa shova th a t  fo r  e a th a p s ia  D, 

tha  d a ta n s ia a a t  raoogaizad by tha p h o sp h o ry la t iag  enzyac i s  p r a s a a t  oa 

tha  n a t iv e ,  bu t  a o t  tha daaa ta rad  p o ly p e p t id e .  Newly sya thes ized  

lysosoaal aazyaaa b ia d  w ith  h igh  a f f i a i t y  to  tha  M-6-P rece p to r  aad a re  

t r a a s lo o a ta d  to  tha  ly so so aes .  However, th e re  a re  two d i f f a r a a t  

rao ap to r  p r o ta i a a  aad a t  l e a s t  one or s o re  M-6-P iadepeadeat pathways 

to  tha lysosoaM (K orafe ld .  1986). Va coaparad tha  a lp h a -g a ls e to s id a s a  

A s ig n a l  p ap t id a  to  o th e r  ly so so aa l  p r o te in s  and o th e r  p r o te in s  

s y n th e s i z e d  oa th e  rough  e n d o p la s a io  r a t i o u l u a  to  t e s t  f o r  

s i a i l a r i t i e s .  I a  t h i s  c o n te x t ,  the  Bbvl consensus sequence p re se n t  a t  

the n u c le o t id e  le v e l  in  f iv e  of the  s ix  huaan ly so so aa l  enzyaes (Table 

6) i s  unexpected, and does no t suggest a s ia p le  hypothesis  with regard
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to  p o te n t i a l  b io lo g ic a l  s ig n i f ic a n c e  a t  tba  le v e l  o f  t r a n s c r i p t i o n ,  

t r a n a l a t i o n ,  o t  enzyae s o r t in g .  F u r th e ra o re ,  tbe  preaenoe of tba  Bbvl 

eonsenana sequenee does not c o r r e l a t e  v i t b  tbe  dependence npon tbe  

M-d-P re c e p to r  pathway, s ince  b e ta -g lw eoeereb ros idase  does n o t  see  tb i a  

pathway (Tager, 1983).

The s ig n if ic a n c e  of tbe GA-ricb e le n e n t  loca ted  n p a t re a a  f ro a  

the a lph a -g a lao to a id aae  A p ro a o ta r  i s  unknown. Tbe sea rch  o f  the

(Table 4 ) .  Tbe GA-ricb sequence i s  lo c a ted  S ' -  to  tbe  CAP s i t e  of 

sev e ra l  o f  these  genes (huaan b is to n e  H4, aonse a lpha-2  type I  

c o l la g e n ,  aonse g la n d u la r  b a l l i b r e i n ,  and r a t  ca rd iac  a lp h a -ay o s in  

heavy c h a in ) .  I t  ia  p re se n t  aa a spacer  between b is to n e  genes in  sea 

u rc h in s .  Tbe sequence oocurs 3 ' -  to  the  chiapanzee Ain type DNA and 

w ith in  the coding reg ion  fo r  the  r a t  288 rRNA. Tbe GA-ricb sequence is  

loca ted  in  tbe S ' -  f lank ing  reg io n s  o f  tbe  r a t  188 rRNA where i t  

encodes TC-ricb reg ions  p o s tu la te d  to  d i r e c t  p rocess ing  and oleavage of 

p re - r ib o s o a a l  RNA. This  sequence waa a l s o  i d e n t i f i e d  in  genoaic c lones  

o f  Drosophila v l r i l l s  i s o la te d  by sc reen ing  a genoaic l i b r a r y  w ith  

aRNA la b e l le d  in  v i t r o .  These and o th e r  s i a p l e  sequences a re  p r e s e n t ,  

as  judged by h y b r id iz a t io n ,  in  tb e  genoaea o f  a l l  enkaryo tes  exaained 

( e .g .  huaan. f ro g ,  sea u rc h in ,  w heat, and y e a s t ) .  Tautz and Renz 

(1984) proposed th a t  these  are  n o n -fu n o tio n a l  t r a n s c r i p t s  encoded by 

sequences a r i s in g  f ro a  s lippage  r e a c t io n s  in  reg ions  o f  the  genoae t h a t  

are  no t s t ro n g ly  s e le c te d .

To the b e s t  o f  our knowledge, th e re  have been no r e p o r t s  o f  the  

i s o l a t i o n ,  o lon ing ,  and sequencing o f  a genoaic clone s p e c i f i c  f o r  a 

a a a a e l ia n  ly so so aa l  h y d ro la se .  The aech an isas  th a t  r e g u la te  the  le v e ls  

of express ion  o f  a lp h a -g a la c to s id a s e  A and o th e r  ly so so aa l  enxyaes a re



■ot v o l l  unders tood . Tki c h a r a c te r i s a t io n  aad d is c u s s io n s  rapo rtad  la  

t h i s  s tudy  fo r  tha  5 ' -  f la a k ia g  p ro a o ta r  re g io n s ,  a ig a a l  p a p t id a ,

to  tha  a a ta r a  ensyae fo r  haaaa a lp h a -g a la c to s id a s a  A, lap  a foaada tioa  

fo r  f a t a r a  a t a d ia a .  This i a f o r a a t io a  w i l l  halp  to  a la o id a ta  tha 

aad a ra taa d iag  o f  tha  azp raasioa  of tha  a lp h a -g a la c to s id a s a  A looas 

ia  a o ra a l  in d iv id u a ls  as w all as i a  Fabry p a t i e n t s ,  aad fo r  tha 

aaa ly sa s  o f  f a e to r s  th a t  e o a t ro l  r a g a l a t i o a  of ly so so aa l  aaxyaa 

s y a th a s i s .

At tha a o la o o la r  l e v e l ,  r a s t r i c t i o a  aaxyaa i a f o r a a t i o a  w i l l  halp 

a la o id a ta  r a s t r i o t i o a  f ra g a sa t  leng th  po lyao rph isas  (KFLP) o f  a a ra la ta d  

Fabry p a t i a a t s  DNA ia  Soathsm  b l o t  a a a ly s a s .  A coapo ta r-gencra tad  

r a s t r i o t i o a  aadoaaolaasa aap i s  p ra sa a ta d  ia  F ig .  28 and aaxyaa s i t a s  

a ra  shown banaa th  tha nnabered n a c la o t ld a  aaqaaaca o f  th a  ganoaie 

o lo a a .  Tha a a c l s o t id a  aaqaaaca i a f o r a a t i o a  dascr ibad  in  t h i s  stndy in  

ooaoart  w ith  f a t a r a  s ta d ia s  to  c o a p le te  tha  ganoaio aaqaaaca w i l l  

d a f ia a  tha  o rg a n is a t io n  of t h i s  gaaa on tha  long a ra  o f  tha X 

ohroaosoae (F ig .  2 9 ) .  A lso, tha  n a o le o t id a  saqnaaoa w i l l  s a r r a  as a 

b a s i s  f o r  tha  i s o l a t i o n  of s p a c i f io  probes fo r  h s ts ro x y g o ts  

i d a a t i f i e a t i o a  aad fo r  eoavarisoa  o f  tha  a o ra a l  a o la o n la r  s t a t a  to  th a t  

o f  tha  v a r io u s  Fabry p a t i a a t s .  Tha a v a i l a b i l i t y  o f  b o th  ganoaio aad 

cDNA c lo aaa  f o r  a lp h a -g a la c to s id a sa  A aad o th a r  ly so so aa l  hydro lasas  

w i l l  f a r t h e r  d e l in e a te  tha a a to ra  o f  ly so so aa l  aaxyaa b io s y n th e s is  aad 

t r a f f i c k i n g  to  tha  ly sosoaes .  Moreover, t h i s  i a f o r a a t i o a  w i l l  axpad ita  

tha  n i c r o b i a l  and aaa iM llaa  exp ress ion  aad p u r i f i c a t i o n  of a c t iv e  huaaa 

a lp h a -g a la c to s id a s a  A fo r  ia  v i t r o  aad ia  v ivo t r i a l s  o f  aaxyaa 

re p la c e a e a t  th e ra p y .
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F ig .  28. Genoaie a lp h a -g a la c to s id a se  A r e s t r i c t i o n  endonuclease 
s i t e s .  The r e s t r i c t i o n  enzyne s i t e s  fonnd w ith in  the  1243 n u c le o t id e  
genoaic f rag n en t a re  shown beneath  tbe n u c le o t id e  where they  o ccu r .  
N ucleotide numbering is  the saae as used in  F ig .  25 .
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F i g .  29 . L in e a r  d e p le t i o n  o f  tho  o lp h o -g o lo c to a id o o o  A goaoaio 
f ra g m e n t .  Tha 1243 a a e l o o t i d a  Tool (T) t o  Sao l (8) f r a g a o a t  lo o a ta d  on 
th a  long a r a  o f  th a  X ohroaoaoaa (Xq) i a  shown. Tha GA-rioh r a g io a  
ap a aa iag  n a e l a o t i d a s  391 t o  436 (T ab la  4) i s  i a d i o a t a d  bp  th a  s o l i d  
b o z .  Tha TATA boz (opaa  boz) i s  lo o a ta d  a t  p o s i t i o n  -31  b a fo r s  th a  
p u t a t i v e  t r a a a e r i p t i o a  i n i t i a t i o n  s i t e  ( s a a  t e x t ) .  Tha s la s h a d  l i a a s  
fo l lo w in g  th a  TATA boz i a d i e a t a  th a  ( 0  a n e l a o t l d e s  o f  S '  a a t r a a s l a t e d  
s a q a a a e a .  Tha opaa boz  o f  azoa  ona anoodas 64 a a ia o  a c id s  in c la d in g  
th e  31 a a ia o  a e id  s i g n a l  p a p t id a  and th a  f i r s t  33 a a ia o  a o id s  o f  th a  
p r o p e p t i d a .  Tha i a t r o n  fo l lo w in g  azoa  oaa t o  t h a  Sao l s i t a  c o n ta in s  
104 n a e l a o t i d a s .  Tha fo l lo w in g  r a s t r i o t i o a  aazpaa  s i t e s  a ra  shown: (H)
HsoI I I  a t  n n o lc o t id a  243; (A) Aral  a t  a a c l e o t i d e s  293. 689, and 1231; 
(C) Aool a t  a a c l e o t i d e s  498 and 801; and (R) R sa l  a t  n u c l e o t id e  1133.
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