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NUCLEOSIDES 6 NUCLEOTIDES, 7(1), 61-73 (1988) 

SYNTHESIS, MOLECULAR CLONIN6 AND EXPRESSION OF GENES 
CODINC FOR ATRIAL NATRIURETIC FACTORS 

FROM RAT AND HUMAN 

Hans Sachse, Gerd Hagendorff ,  K laus  D i e t e r  PreuB, 
H a r i  S.Sharma and K a r l  Heinz Sche i t  

Max -P lanck - Ins t i t u t  f u r  B i o p h y s i k a l i s c h e  Chemie 
A b t e i l u n g  Ho leku la re  B i o l o g i e  

Am FaOberg, 3400 Got t i ngen  

Abstract: Genes cod ing  f o r  t h e  amino a c i d  sequence 1-33 o f  a t r i a l  
n a t r i u r e t i c  f a c t o r  f rom r a t  as w e l l  as human were synthesised, c loned  
i n t o  t h e  C- te rmina l  p a r t  o f  t h e  0 -ga lac tos idase  gene o f  p lasmid  
pUR289. The d e r i v e d  p lasmids  prANF1 and phANFl were c h a r a c t e r i s e d  by 
r e s t r i c t i o n  a n a l y s i s  as w e l l  as  sequencing and expressed i n  E.co1i. 
Gene exp ress ion  a f t e r  i n d u c t i o n  l e d  t o  f o r m a t i o n  o f  f u s i o n  p ro te ins ,  
which were found t o  c o n t a i n  C- te rmina l  p e p t i d e s  sequences a t t a c h e d  t o  
R-ga lac tos idase which were immuno r e a c t i v e  u i t h  an t i se rum a g a i n s t  
human a t r i a l  n a t r i u r e t i c  f a c t o r .  

INTRODUCTION 

Chemical syn thes is ,  mo lecu la r  c l o n i n g  as w e l l  as  exp ress ion  o f  a 

number - o f  genes f o r  sma l l  p r o t e i n s  has been desc r ibed  ( 1 , 2 , 3 , 4 ) .  

E f f i c i e n t  gene exp ress ion  and p r o d u c t i o n  o f  t h e  f o r e i g n  p r o t e i n  i n  

E.co1i appeared t o  be d i f f i c u l t  due t o  t h e  endogenous p r o t e o l y t i c  

a c t i v i t i e s  o f  t h e  hos t  c e l l s .  To overcome t h i s  d i f f i c u l t y ,  t h e  

s y n t h e t i c  DNA genes were fused t o  t h e  C- te rmina l  p a r t  o f  t h e  l a c 2  gene 

r e s u l t i n g  i n  t h e  exp ress ion  o f  h y b r i d  p r o t e i n s  o f  l a r g e  molecu la r  

weight.  Due t o  the  a l t e r e d  p o l y p e p t i d e  sequence o f  t h e  

0-ga lac tos idase p o r t i o n  o f  t h e  f u s i o n  p r o t e i n ,  they  tend t o  aggregate  

and thereby  becoming i n s o l u b l e  when ove rp roduc t i on  o f  t h e  f u s i o n  

p r o t e i n  i s  induced by  isopropyl -0 -0- th iogalactoside (IPTG) (1,s). The 

main aim f o r  t h e  c o n s t r u c t i o n  and exp ress ion  o f  h y b r i d  genes uas t o  
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62 SACHSE ET AL. 

ach ieve  t h e  i s o l a t i o n  o f  t h e  a t t a c h e d  smal le r  p r o t e i n  f ragment a f t e r  

c leavage . 
I t  was r e p o r t e d  f o r  a number o f  f u s i o n  p r o t e i n s  t h a t  t h e  a t tached  

sma l l  p r o t e i n  fragment was s t i l l  recogn ized by an an t i se rum r a i s e d  

aga ins t  t h e  sma l l  p r o t e i n  i t s e l f  (1 ,3 ) .  T h i s  i m p l i e d  t h a t  those 

f u s i o n  p r o t e i n s  shou ld  a l s o  e l i c i t  a n t i b o d i e s  i n  anima4.s w i t h  t h e  

s p e c i f i c i t y  f o r  t h e  sma l l  p r o t e i n  p a r t .  Furthermore, one shou ld  keep 

i n  mind t h a t  most a n t i s e r a  aga ins t  s m a l l  p ro te ins ,  l i k e  hormones, were 

ob ta ined  a f t e r  c o n j u g a t i n g  t h e  s m a l l  p r o t e i n  t o  a l a r g e r  c a r r i e r  

p r o t e i n  t o  i nc rease  a n t i g e n i c i t y .  O f t e n  t h e  sma l l  p r o t e i n s  a r e  n o t  

easy t o  p u r i f y ;  i n  t h e  case o f  hormones t h e  q u a n t i t i e s  o f  homogenous 

p r o t e i n s  necessary f o r  immuniza t ion  a r e  d i f f i c u l t  t o  ob ta in .  

Therefore, we dec ided t o  c o n s t r u c t  h y b r i d  genes cod ing  f o r  two 

b i o a c t i v e  pept ides,  a t r i a l  n a t r i u r e t i c  f a c t o r  f rom r a t  and human t o  

o b t a i n  the  r e s p e c t i v e  f u s i o n  p r o t e i n s  i n  o rde r  t o  e x p l o r e  t h e i r  

p o t e n t i a l  use as an t i gens  f o r  t h e  p r o d u c t i o n  o f  t h e  cor respond ing  

a n t i  sera. 

The mammalian c a r d i a c  a t r i u m  has r e c e n t l y  been shown t o  c o n t a i n  

f a c t o r s  which induce p o t e n t  n a t r i u r e s i s  (6,7), changes i n  r e n a l  

haemodynamics (8 )  and r e l a x  p re -con t rac ted  vascu la r  smooth muscles 

( 9 ) .  These fac to rs ,  c o l l e c t i v e l y  c a l l e d  a t r i a l  n a t r i u r e t i c  f a c t o r  

(ANF), a r e  d e r i v e d  f rom l a r g e r  p recu rso r  molecules.  I n  r a t ,  t h e  

c i r c u l a t i n g  form o f  r A N F  i s  comprised o f  28 amino acids, whereas t h e  

c i r c u l a t i n g  form o f  hANF i s  no t  y e t  known. Saidah e t  e l .  (10) 

r e p o r t e d  t h e  amino a c i d  sequence o f  rANF,isolated from r a t  a t r i a ,  

c o n s i s t i n g  o f  33 amino ac ids .  T h i s  sequence was suppor ted  by  t h e  

c loned  cDNA f o r  t h e  rANF p recu rso r  (11,121. S i m i l a r l y ,  t h e  sequence 

o f  t h e  hANF p recu rso r  cDNA was r e p o r t e d  (13,141. We dec ided t o  

syn thes i se  genes cod ing  f o r  rANF o f  33 amino a c i d s  and hANF o f  32 

amino a c i d  res idues  i n  accord  w i t h  t h e  p u b l i s h e d  cDNA sequences 

(10,13,14). 

The s y n t h e t i c  ANF genes w i l l  be fused t o  t h e  f3-gslsctosidase gene 

o f  E - c o l i  (1ecZ) w i t h  t h e  l a c 2  gene w i t h  t h e  f i n a l  aim t o  o b t a i n  t h e  

r e s p e c t i v e  f u s i o n  p r o t e i n s  f o r  immunochemical s tud ies .  
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O l i g o n u c l e o t i d e  s y n t h e s i s  

O l i g o n u c l e o t i d e s  were syn thes i sed  by  means o f  a Model 381A 

DNA-synthesiser f rom 

chemis t r y  and a f t e r  

e l e c e c t r o p h o r e s i s  i n  

B a c t e r i a l  s t r a i n s  and 

pUR289 as w e l l  as E 

B . H u l l e r - H i l l .  BHH7 

Bg/ml a m p i c i l l i n .  

DNA sequencing 

A p p l i e d  Biosystems u t i l i s i n g  phosphoramid i te  

dep ro tec t i on ,  p u r i f i e d  by po lyac ry lam ide  g e l  

H urea. 

p lasmids  

e o l i  BHH71-18 (15) were k i n d l y  p r o v i d e d  by  

-18/pUR289 was grown i n  LB-medium c o n t a i n i n g  100 

EcoRI f ragments ob ta ined  f rom prANF1 o r  phANFl r e s p e c t i v e l y  were 

subcloned i n t o  Ml3mp8(RF). Der i ved  H I3  s i n g l e  s t randed DNA was 

sequenced acco rd ing  t o  Sanger e t  a l .  (16) .  

C o n s t r u c t i o n  o f  ch imer i c  exp ress ion  p lasmids  

Each o l i g o n u c l e o t i d e  (1.34 pmol) was phosphory la ted  s e p a r a t e l y  i n  a 

b u f f e r  c o n t a i n i n g  70 mH Tris-HCl,pH7.6, 10 mH HgCla, 0.1 mH EDTA, 40 

p M  ATP and 6 u n i t s  T4 -po lynuc leo t i de  k inase.  A f t e r  i n c u b a t i o n  f o r  30 

min a t  37"C, t h e  r e a c t i o n  m i x t u r e s  were heated  f o r  5 min a t  I O O ' C .  

A l l  r e a c t i o n  m i x t u r e s  were combined and c e n t r i f u g e d  th rough 

Sephadex G 50 (medium) i n  a b l u e  Eppendorf p i p e t  t i p .  The 

o l i g o n u c l e o t i d e s  were p r e c i p i t a t e d  a t  a c o n c e n t r a t i o n  o f  0.3 M sodium 

a c e t a t e  (pH 5 . 2 )  by a d d i t i o n  o f  e thano l .  A f t e r  c h i l l i n g ,  t h e  

p r e c i p i t a t e s  were c o l l e c t e d  by c e n t r i f u g a t i o n ;  t h e  p e l l e t s  were washed 

w i t h  80% ethanol ,  d r i e d  and d i s s o l v e d  i n  100 p l  water.  The vec to r  

pUR289 uas c u t  w i t h  BamHI and deohosphory la ted  by  a l k a l i n e  phosphatase 

f o l l o w i n g  a s tandard  p r o t o c o l  (17).  The m i x t u r e  o f  phosphory la ted  

o l i g o n u c l e o t i d e s  (67 fmoles each) i n  b u f f e r  c o n t a i n i n g  50 mH 

Tris-HCl,pH7.6, 0.1 mH EDTA, 0.1 mH spermidine, 10 mM HgCl1,  1 mH ATP 

and 4.5 mM DTT was kept  f o r  5 min a t  37°C and a l l owed  t o  s l o w l y  c o o l  

t o  15.C. Then 30 fmo l  o f  pUR289, t r e a t e d  as d e s c r i b e d  above, as w e l l  

as 4 u n i t s  o f  T 4 - l i g a t e  were added and i n c u b a t i o n  con t inued  f o r  15h a t  

15.C. The l i g a t i o n  m i x t u r e s  were d i r e c t l y  employed t o  t rans fo rm 

E - c o l i  BHH71-18 u s i n g  s tandard  c o n d i t i o n s  (17).  B a c t e r i a l  co lon ies ,  

g rowing  on LB-agar c o n t a i n i n g  100 pg/ml a m p i c i l l i n ,  were screened by 

r e s t r i c t i o n  a n a l y s i s  o f  p lasmid  DNA i s o l a t e d  from c e l l s  by a s tandard  
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64 SACHSE ET AL. 

procedure.  EcoRI i n s e r t s  o f  app rox ima te l y  220 bp, i n  comparison t o  

those o f  101 bp d e r i v e d  f rom pUR289 were i s o l a t e d  and s u b j e c t e d  t o  

sequencing. 

P r e p a r a t i o n  o f  c rude e x t r a c t s  

C e l l s  f rom a 10 m l  c u l t u r e ,  c o l l e c t e d  by c e n t r i f u g a t i o n ,  were 

suspended i n  1 m l  homogenisat ion b u f f e r  c o n t a i n i n g  50mH Tris-HCL, pH 

7.9, 2 mH EDTA, 1 mM mercaptoethanol ,  235 mH NaCl, 5% (w/v) g l y c e r o l ,  

30 pg/ml pheny tme thy l su t fony l  f l u o r i d e  and 375 pg/ml lysozyme. The 

m i x t u r e  was kept  on i c e  f o r  20 min f o l l o w e d  by a d d i t i o n  o f  500 ug/ml 

sodium deoxychotate and i n c u b a t i o n  con t inued  on i c e  f o r  30 min. The 

suspension was then homogenised f o r  1 min i n  i c e  by means o f  an 

u t t r a t u r r a x  (Jahnke & Kunke1,Staufen). A f t e r  c e n t r i f u g a t i o n  a t  8000 

rpm a t  4 ' C  f o r  20 min, supernatan t  ( c rude  e x t r a c t )  and p e l l e t  were 

separated and saved. The p e l l e t  was d i s s o l v e d  i n  300 p l  o f  2% (w/v) 

SDS, 0.94 Tris-HC1, p H  6.8, 5% (w/v) g l y c e r o l  and 5% (w/v) 

mercaptoethanot and t h e  r e s u l t i n g  m i x t u r e  kept  a t  10O0C f o r  5 min. 

6 e l  e l e c c t r o p h o r e s i s  and immuno-b lo t t ing  

Sodium dodecyt s u l f a t e  po l yac ry lam ide  g e l  e l e c t r o p h o r e s i s  (SDS-PAGE) 

(18) and immunob lo t t ing  (19) a f t e r  SDS-PAGE f o l l o w e d  8 p u b l i s h e d  

p r o t o c o l .  For immuno-detection o f  rANF and hANF t h e  b t o t s  were 

incubated  w i t h  sheep anti-hANF an t i se rum (Fa. IBL, Hamburg) a t  a 

d i l u t i o n  o f  1:lOOO and perox idase-con jugated  an t i - sheep  IgG a n t i b o d i e s  

(Amersham) a t  a d i l u t i o n  o f  1:lOOO. Both an t i se rum d i l u t i o n s  were 

supplemented w i t h  c rude s o l u b l e  p r o t e i n s  f rom E .co l i  t o  a 

c o n c e n t r a t i o n  o f  10 ug/ml and t h e  m i x t u r e s  kep t  f o r  1 h a t  25'C p r i o r  

t o  use. 

RESULTS AND DISCUSSION 

The known amino a c i d  sequences f o r  rANF as w e l l  as hANF were 

t r a n s l a t e d  i n t o  a DNA sequence employing t h e  codon usage i n  h i g h l y  

expressed E - c o l i  genes ( 2 0 ) .  I n  t h e  pas t  t h e  c leavage o f  f u s i o n  

p r o t e i n s  by  CNBr a t  methionine, n o t  con ta ined  i n  t h e  s m a l l  p r o t e i n  

fragment, was a u s e f u l  approach t o  genera te  t h e  d e s i r e d  sma l l  

p o l y p e p t i d e s  (1,2). Because we were p r i n c i p a l l y  a l s o  i n t e r e s t e d  i n  a 
s p e c i f i c  c leavage o f  t h e  expressed f u s i o n  p r o t e i n  w i t h  t h e  aim o f  

o b t a i n i n g  t h e  p e p t i d e  f ragment cor respond ing  t o  t h e  s y n t h e t i c  
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ATRIAL NATRIURETIC FACTORS 65 

DNA-fragment, we had t o  dec ide  by which way t h e  f u s i o n  between l a c 2  

gene and s y n t h e t i c  DNA c o u l d  be accomplished. r A N F  d i d  n o t  c o n t a i n  

methionine, t h e r e f o r e  a CNBr-suscept ib le meth ion ine  l i n k  between 

R-ga lac tos idase and t h e  sma l l  p e p t i d e  f ragment would be f e a s i b l e .  

However, t h e  amino a c i d  sequence o f  hANF, i n  c o n t r a s t  t o  rANF, 

d i f f e r e d  by  t h e  presence o f  a meth ion ine  i n s t e a d  o f  an i s o l e u c i n e  and 

t h e r e f o r e  t h i s  s t r a t e g y  c o u l d  n o t  be fo l lowed.  Recent ly  Nagai and 

Thorgersen desc r ibed  t h e  c o n s t r u c t i o n  o f  a h y b r i d  gene c o n t a i n i n g  t h e  

human R-g lob in  gene and p a r t  o f  t h e  A - c I I  gene (21 ) .  The sequence 

which l i n k e d  t h e  two DNA m o i e t i e s  rep resen ted  a DNA sequence cod ing  

f o r  a t e t r a p e p t i d e  sequence which was t h e  t a r g e t  o r  a s p e c i f i c  

protease, t h e  b l o o d  c o a g u l a t i o n  f a c t o r  Xa. The t a r g e t  sequence 

s e l e c t e d  by  those au tho rs  was IEGR. We adopted t h i s  s r a t e g y  f o r  our 

purpose and i n s e r t e d  i n t o  t h e  5 ' - p a r t  o f  t h e  s y n t h e t i c  DNAs f o r  r A N F  a 

dodecanuc leo t ide  sequence cod ing  f o r  t h e  amino a c i d s  IECR. I n  t h e  

case o f  hANF t h e  amino a c i d  i s o l e u c i n e  i n  t h e  t a r g e t  sequence f o r  

f a c t o r  Xa was r e p l a c e d  by  l euc ine .  T h i s  change c r e a t e d  a BamHI s i t e  

which would be regenera ted  a f t e r  c l o n i n g .  Since i s o l e u c i n e  i n  n a t u r a l  

s u b s t r a t e s  can a l s o  be r e p l a c e d  by a l a n i n e  (22), t h e  exchange 

i so leuc inec -> leuc ine  appeared j u s t i f i e d .  

The double s t randed  DNA sequences cod ing  f o r  rANF and hANF a r e  

shoun i n  F i g u r e  1. The sequence a t  t h e  N- te rm ina l  p a r t  was extended 

by t h e  i n f o r m a t i o n  f o r  t h e  f o u r  amino a c i d s  c o n s t i t u t i n g  t h e  t a r g e t  

sequence f o r  f a c t o r  Xa. To ach ieve  te rm ina t ion ,  two s t o p  codons were 

i n t r o d u c e d  a t  t h e  3 '  end o f  t h e  sense s t rand.  The doub le  s t randed  DNA 

fragment con ta ined  a t  t h e  5'-ends BamHI sequences f o r  i n s e r t i o n  i n t o  a 

vec to r .  I n  t h e  case o f  t h e  s y n t h e t i c  DNA f o r  rANF o n l y  t h e  BamHI a t  

t h e  3'-end, i n  t h e  case o f  hANF b o t h  BamHI s i t e s  would be regenera ted  

a f t e r  c lon ing .  The DNA f o r  rANF as u e l l  as hANF was d i s s e c t e d  i n t o  

fou r  complementary sequences r e s p e c t i v e l y  which p r o v i d e d  10 base p a i r  

ove r laps  f o r  l i g a t i o n  t o  j o i n  t h e  sequences t o  t h e  complete DNA. 

We chose pUR289 123) as an  exp ress ion  vector,  which c o n t a i n s  a 

s u i t a b l e  p o l y l i n k e r  r e g i o n  f o r  t h e  i n s e r t i o n  o f  s y n t h e t i c  DNA 

fragments i n t o  t h e  C- te rmina l  r e g i o n  o f  l a c 2  gene (F ig .  2) .  The 

r e s u l t i n g  f u s i o n  p r o t e i n s  shou ld  c o n s i s t  o f  1024 amino a c i d  r e s i d u e s  

from 0-ga lac tos idase and 37 o r  36 amino a c i d s  i n  t h e  case o f  rANF and 

hANF r e s p e c t i v e l y .  
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66 SACHSE ET AL. 

w 
L E G R T A P R S L R R S S  

G C N S F R Y  

FIGURE 1 Synthet ic  DNA coding for  rANF 1-33 and hANF 1-33 
The numbered sequences marked by dashes represent  t h e  chemical ly  
synthcsised deoxyol igonuclcot idcs.  
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ATRIAL NATRIURETIC FACTORS 67 

FICURE 2 C o n s t r u c t i o n  o f  phANF1 
The do ts  a t  t h e  deoxyo l i gonuc leo t i de  symbols S 1 - S 4  rep resen t  
S'-phosphate res idues .  Abbrev ia t i ons :  E,EcoRl; B,BamHl; S,Sall; 
X,Xbal; H,Hind3, C, C l a l .  

The vec to r  pUR289 was r e s t r i c t e d  w i t h  enzyme BamHI, 

dephosphory la ted  and l i g a t i o n  performed i n  t h e  presence o f  a m i x t u r e  

o f  t h e  r e s p e c t i v 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 s  which were phosphory la ted  

a t  t h e i r  5 'ends (F ig .  2 ) .  The L i g a t i o n  r e a c t i o n  m i x t u r e s  were 

employed t o  t r a n s f o r m  t h e  E.co1i s t r a i n  BHH71-18. P o s i t i v e  

t rans fo rman ts  were de tec ted  by t h e  f o l l o w i n g  sc reen ing  p r o t o c o l :  

p lasmids  were i s o l a t e d  f rom c o l o n i e s  and r e s t r i c t e d  w i t h  EcoRI; t h e  

EcoRI-fragments o f  p lasmids  f rom p o s i t i v e  c o l o n i e s  had a l a r g e r  s i z e  

compared t o  t h e  EcoRI - i nse r t  o f  pUR289 w i t h  101 bp. Due t o  t h e  f a c t  

t h a t  t h e  s y n t h e t i c  DNA f ragments possessed symmet r ica l  r e s t r i c t i o n  
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68 SACHSE ET AL. 

E c o r R I  insert of pr-1 

AATTCCAGCTGAGCGCCGGTCGCTACCATTACCAGTTGGTCTGGTGTCAGGGGATCATCG~TC 
GTCTGGCTGGTCCGCGTTCTCTGCGGCGTTCTTCTTGCTTCGGTGGTCGTATCGACCG 
TATCGGTGCTCAGTCTGGTCTGGGTTGCAACTCTTTCCGTTACTGATAGATCCGTCGAC 
TCTAGAAAGCTTATCGATGATAAGCTGTCAAACATGAGAATTC 

E c o R I  i n s e r t  of phANF1 

AATTCCAGCTGAGCGCCGGTCGCTACCATTACCAGTTGGTCTGGTGTCAGGGGATCCT~~TC 
GTACCGCTCCGCGTTCTCTGCGTCGTTCTTCTTGCTTCGGTCGTATGGACCGTATCGG 
TGCTCAGTCTGGTCTGGGTTGCAACTCTTTCCGTTACTGATAGGATCCGTCGACTCTAGA 
AAGCTTATCGATGATAAGCTGTCAAACATGAGAATTC 

FIGURE 3 DNA sequences o f  EcoR1 i n s e r t s  of  prANFl and phANF2 
The n u c l e o t i d e s  i n  b o l d  p r i n t  rep resen t  t h e  s y n t h e t i c  BamHf 
I n s e r t  s i ze :  prANF1, 222; phANF1, 219. 

fragment. 

s i t es ,  two o r i e n t a t i o n s  o f  l i g a t i o n  i n t o  pUR289 were t o  be expected. 

There fore  t h e  EcoRI-fragments were subcloned i n t o  Ml3mp8(RF) and t h e  

sequences were de termined employing t h e  d ideoxy  method o f  Sanger e t  

a l .  (16).  The EcoRI-fragments possess ing  t h e  c o r r e c t  sequences o f  

t h e  s y n t h e t i c  DNA's and i n  proper  o r i e n t a t i o n  l e d  t o  t h e  

i d e n t i f i c a t i o n  o f  p o s i t i v e  c o l o n i e s  ha rbour ing  t h e  d e s i r e d  plasmid.  

The cor respond ing  p lasmids  were des igna ted  prANF1 and phANF1. The 

sequences o f  t h e  cor respond ing  EcoR1 i n s e r t s  a r e  g i v e n  i n  F i g u r e  3. 

R e s t r i c t i o n  a n a l y s i s  o f  t h e  EcoRI-fragments o f  t h e  above p lasmids  

shou ld  y i e l d e d  t h e  f o l l o w i n g  fragments: prANF1, EcoRl/Ava2->147+75; 

phANF1, EcoRl/Ava2->116+103. Exper imenta l  r e s u l t s  p roved t h a t  t h i s  

was t r u e  ( d a t a  no t  shown). 

Expression of  prANF1 and phANFl 

E x p o n e n t i a l l y  growing c u l t u r e s  o f  BMH71-18/prANFl and BMH71-18/phANFl 

were induced by a d d i t i o n  o f  I P T G  t o  a f i n a l  c o n c e n t r a t i o n  o f  0.5nM. 
Crude e x t r a c t s  o f  s o l u b l e  p r o t e i n s  were prepared a f t e r  i n d u c t i o n  and 

sub jec ted  . t o  SDS-PAGE (F igs .  4 , 5 ) .  I n  acco rd  w i t h  t h e  f i n d i n g s  by 

o the r  au tho rs  (1,2,3) most o f  t h e  f u s i o n  p r o t e i n  was found assoc ia ted  

w i t h  i n s o l u b l e  m a t e r i a l .  Therefore, a t  v a r i o u s  t imes a f t e r  i nduc t i on ,  
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ATRIAL NATRIURETIC FACTORS 69 

1 2  3 4 5 6  7 8  9 1011 1 2 1 3 1 4 1 5  

- .  - c -- A 

FICURE 4 SDS-PAGE of  proteins extracted f ro8  BMH71-18/prANFl a f t e r  
induction by IPTG 
Lane 1, O-agelectosidase, 10 u g ;  lanes 2-8, i n s o l u b l e  p r o t e i n s  
lh20',2h10',3h,4h,4h45',6hlO' and 18h a f t e r  induct ion;  lanes 9-15, 
s o l u b l e  p r o t e i n s  lh20',2h10',3h,4h,4h45',6hlO' and 18h a f t e r  i n d u c t i o n  
r e s p e c t i v e l y .  

1 2 3 4- 5 6 7 8 9 10 11-12 13 14 15 

FIGURE 5 SDS-PAGE o f  proteins extracted f ro8  BNH71-18/phANFl a f t e r  
induction by IPTG 
Lanes 1-7, i n s o l u b l e  p r o t e i n s ,  18h,6h10',4h45',4h,3h,2hlO',lh20' a f t e r  
induct ion;  l a n e  8, R-galactosidase, 10 fig; lanes 9-15, soluble  
p r o t e i n s  18h,6h10',4h45',4h,3h,2hlO',lh20' a f t e r  induct ion.  
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TABLE 1 Express ion  o f  h y b r i d  genes a f t e r  i n d u c t i o n  by IPTC 

S t r a i n  Time OD(550 nm) f u s i o n  p r o t e i n  

BHH71-18/prANFI 
(min) (Ug/ml c u l t u r e )  

80 1.27 0.95 
150 1.80 1.2 

BMH71-18/phANFl 
80 1.35 

160 1.90 
0.83 
2.92 

M 

1 2 3  4 5 6 7 8 

FIGURE 6 Immuno-blot o f  SDS-PAGE o f  p r o t e i n s  e x t r a c t e d  f rom 
BHH71-18/prANFl and BHH71-18/phANFl 
Lane 1, BHH71-18/pUR289; l ane  2, BMH71-18/prANFI, s o l u b l e  p r o t e i n s  4h 
a f t e r  induc t ion ;  l ane  3, BMH71-18,/prANFI, i n s o l u b l e  p r o t e i n s  18h 
a f t e r  i nduc t i on ;  l e n e  4, BHH71-18/prANFI, i n s o l u b l e  p r o t e i n s  4h a f t e r  
induc t ion ;  l ane  5, BMH71-18/phANFl, s o l u b l e  p r o t e i n s  18h a f t e r  
induc t ion ;  l ane  6, BMH71-18/phANFI, s o l u b l e  p r o t e i n s  4h a f t e r  
induc t ion ;  l ane  7, BMH71-18/phANFl, i n s o l u b l e  p r o t e i n s  18h a f t e r  
i nduc t i on ;  l ane  8, BMH71-18/phANFI, i n s o l u b l e  p r o t e i n s  4h a f t e r  
i nduc t i on .  
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t h e  f r a c t i o n s  o f  i n s o l u b l e  p r o t e i n s  were d i s s o l v e d  i n  SDS and sna lysed  

by SDS-PAGE (F igs .  4,5). 
A major p r o t e i n  band, presumably r e p r e s e n t i n g  t h e  f u s i o n  p r o t e i n  

R-galactosidase-rANF and 0-galactosidase-hANF, r e s p e c t i v e l y ,  i nc reased  

i n  amount w i t h  t ime. Q u a n t i t a t i v e  e v a l u a t i o n  o f  SDS-PAGE p a t t e r n s  f o r  

t h e  i n s o l u b l e  p r o t e i n s  by dens i tomet ry  y i e l d e d  t h e  da ta  d e t a i l e d  i n  

Tab le  1. 

An immuno-blot employing sheep anti-hANF an t i se rum i n d i c a t e d  t h a t  

t h e  dominant h ighmolecu la r  we igh t  spec ies  con ta ined  immuno-reactive 

ANF (Fig.  6 ) .  

Due t o  t h e  h i g h  degree o f  homology between rANF and hANF a 

c r o s s - r e a c t i c i t y  between rANF and t h e  anti-hANF ant iserum was t o  be 

expected. The an t iserum showed no c r o s s - r e a c t i o n  w i t h  

R-galactosidase, a l t hough  t h e  an t i se rum o b v i o u s l y  con ta ined  a 

r e l a t i v e l y  h i g h  t t e r  o f  a n t i b o d i e s  a g a i n s t  o t h e r  E.co1i ant igens .  

T h i s  o b s e r v a t i o n  was a l s o  r e p o r t e d  by o t h e r  au tho rs  ( 3 ) .  To suppress 

t h i s  immuno-react v i t y ,  t h e  an t iserum was preadsorbed w i t h  a crude 

e x t r a c t  o f  s o l u b l e  p r o t e i n s  f rom E-coli. Desp i te  t h i s  t reatment,  a 

non ANF-related immuno-reactive p o l y p e p t i d e  appeared i n  t h e  

immuno-blot o f  t h e  f r a c t i o n s  o f  s o l u b l e  p r o t e i n s  f rom BMH71-18/pUR289 

as w e l l  as f rom BMH71-18/prANFI and BMH71-18/phANFI. The amount o f  

b o t h  f u s i o n  p r o t e i n s  went th rough a maximum, because 18h a f t e r  

i n d u c t i o n  t h e  SDS-PAGE p a t t e r n s  r e v e a l e d  e i t h e r  t h e  absence (F ig .  4 )  
o r  s i g n i f i c a n t l y  reduced amounts o f  f u s i o n  p r o t e i n  ( F i g .  5 ) .  

Dens i tomet r i c  a n a l y s i s  (da ta  n o t  shown) i n d i c a t e d  t h a t  s y n t h e s i s  o f  

f u s i o n  p r o t e i n s  was maximal approx ima l  4h a f t e r  i n d u c t i o n .  I t  thus  

appeared t h a t  t h e  f u s i o n  p r o t e i n  was s u b j e c t  t o  p r o t e o l y t i c  

degradat ion .  Th is  f i n d i n g  was p a r a l l e l e d  by  t h e  r e s u l t s  o f  t h e  

immuno-blots. 

We s u c c e s s f u l l y  c loned  t h e  s y n t h e t i c  DNA cod ing  f o r  rANF as w e l l  

as hANF fused t o  t h e  l a c 2  gene as h y b r i d  genes. I n d u c t i o n  by I P T G  l e d  

t o  a h i g h  l e v e l  of exp ress ion  o f  t h e  h y b r i d  genes. As demonstrated, 

t h e  f u s i o n  p r o t e i n s  were immuno-reactive w i t h  anti-ANF antiserum, and 

we expect t h a t  t h e  p u r i f i e d  f u s i o n  p r o t e i n s  shou ld  p rove  u s e f u l  i n  

exDeriments as o u t l i n e d  above. 
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