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TRANSCRIPTION DURING SPHERE-ROD 

MORPHOGENESIS OF ARTHROBACTER

CHAPTER I 

INTRODUCTION

The genus  A r t h r o b a c t e r  i s  d i s t i n g u i s h e d  from o t h e r  

g e n e r a  of  t h e  C o r y n e b a c t e r i a c e a e  by t h e  s p h e r e - r o d  morpho

g e n e s i s  i t  u n d e rg o e s  u n d e r  c e r t a i n  c o n d i t i o n s  ( 1 0 , 2 9 ) .

When s t a t i o n a r y  p h a s e  s p h e r i c a l  c e l l s  a r e  t r a n s f e r r e d  t o  

f r e s h  medium, t h e  c e l l s  g e r m i n a t e  i n t o  r o d s .  A f t e r  a p e r i o d  

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

and d i v i d e  i n t o  b a c i l l a r y  c e l l s ,  w h ich  g r a d u a l l y  s h o r t e n  

i n t o  s p h e r e s .  E n s i g n  and Wolfe (1^)  fo u n d  t h a t  i n  g l u c o s e -  

m in im al  s a l t s  medium A r t h o b a c t e r  c r v s t a l l o p o i e t e s  grew and 

d i v i d e d  as  s p h e r e s ,  b u t  t h e  a d d i t i o n  o f  any o f  a number of  

a p p a r e n t l y  u n r e l a t e d  compounds in d u c e d  e l o n g a t i o n  and g row th  

as r o d s .  When t h e  i n d u c e r  was d e p l e t e d  t h e  r o d s  g r a d u a l l y  

s h o r t e n e d  i n t o  s p h e r e s .

S e v e r a l  b i o c h e m i c a l  e v e n t s  a r e  known t o  be a s s o c i a t e d  

w i t h  m o r p h o g e n e s i s -  F e r d i n a n d u s  (15) found  t h a t  A r t h o b a c t e r  

c r v s t a l l o p o i e t e s  a c c u m u la t e d  f a t s  d u r i n g  r o d - f o r m a t i o n  and 

u t i l i z e d  them a s  an  endogenous  e n e rg y  s o u r c e  d u r i n g
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r o d - f o r m a t i o n  and u t i l i z e d  them a s  an endogenous  e n e rg y  

s o u r c e  d u r in g  r o d - s h o r t e n i n g .  L i p o l y t i c  and g lu c o n e o g e n ic  

enzymes had h i g h e s t  s p e c i f i c  a c t i v i t i e s  d u r i n g  r o d -  

f r a g m e n t a t i o n .  The l i p o g e n i c  enzymes,  m a l i c  enzyme and 

g l u c o s e - 6 - p h o s p h a t e  d e h y d ro g e n a s e ,  r e a c h e d  h i g h e s t  s p e c i f i c  

a c t i v i t i e s  d u r i n g  r o d - f o r m a t i o n .  Malic  enzyme was c o m p l e t e ly  

a b s e n t  d u r in g  c o c c o i d a l  g ro w th .  K ru lw ich  and E n s ig n  (23) 

found  t h a t  g l u c o s e  perm ease  was i n d u c i b l e  by g l u c o s e  b u t  

r e p r e s s e d  i n  c e l l s  grown i n  g l u c o s e - m i n i m a l - s a l t s  p l u s  s u c 

c i n a t e ,  an i n d u c e r  o f  r o d - f o r m a t i o n .  K ru lw ic h  and E n s ig n  

(22) a l s o  fo u n d  th e  s p e c i f i c  a c t i v i t y  o f  an a u t o l y t i c  N- 

a c e t y l  muramidase  i n  t h e  c e l l  w a l l s  d e c r e a s e d  4 to  5 t im es  

d u r in g  r o d - f o r m a t i o n .  K r u lw ic h ,  e t  (20) r e p o r t e d  t h a t  

t h e  p o l y s a c c h a r i d e  backbones  o f  th e  r o d  p e p t i d o g l y c a n s  were  

l o n g e r  and more homogeneous i n  l e n g t h  t h a n  t h o s e  o f  th e  

s p h e r e s .  An a d d i t i o n a l  g l y c i n e  was p r e s e n t  i n  t h e  p e p t i d e  

c r o s s - b r i d g e s  o f  t h e  s p h e r e  ( 2 1 ) .  R e c e n t l y ,  Dalbow (12)  

fou n d  s p e c i f i c  a c t i v i t y  o f  tRNA m e t h y l a s e s  d e c r e a s e d  d u r in g  

g row th  as  r o d s .

A l tho u gh  many b i o c h e m i c a l  changes  can  be a s s o c i a t e d  

w i t h  t h e  m o r p h o lo g i c a l  changes  i n  A r t h r o b a c t e r  c r v s t a l -  

l o D o i e t e s  l i t t l e  i s  known o f  c o n t r o l  mechanisms f u n c t i o n i n g  

d u r in g  m o r p h o g e n e s i s .  Changes i n  s p e c i f i c  a c t i v i t y  of  

enzymes may be due t o  e i t h e r  f e e d b a c k  i n h i b i t i o n  o r  r e 

p r e s s i o n .  F e r d i n a n d u s  and C l a r k  (16) r e p o r t e d  t h a t  f r e e  

f a t t y  a c i d s  were  a t  t h e  h i g h e s t  c o n c e n t r a t i o n  d u r in g  r o d -  

s h o r t e n i n g ,  and t h a t  f r e e  f a t t y  a c i d s  i n h i b i t e d  l i p o g e n i c
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enzymes i n  v i t r o . No s t u d i e s  on t r a n s c r i p t i o n  d u r i n g  

s p h e r e - r o d  m o rp h o g e n e s i s  h ad  b een  done p r i o r  t o  t h i s  i n 

v e s t i g a t i o n .  Any changes  i n  t r a n s c r i p t i o n  would r e s u l t  i n  

a change i n  mRNA s p e c i e s  p r e s e n t  t h r o u g h o u t  t h e  l i f e  c y c l e .  

DNA-RNA h y b r i d i z a t i o n  i s  t h e  m ost  s e n s i t i v e  method p r e s 

e n t l y  known f o r  c o m p a r is o n  o f  RNA se q u e n c e s  ( 2 ) .  Compe

t i t i o n  e x p e r i m e n t s  b e tw een  RNA s p e c i e s  s y n t h e s i z e d  a t  v a r i o u s  

t im es  d u r i n g  m o rp h o g e n e s i s  were  u n d e r t a k e n  t o  d e t e r m i n e  

u n i q u e n e s s  o f  m e s s e n g e r  RNA from  r o d s  and s p h e r e s .



CHAPTER I I  

MATERIALS AND METHODS

Organism and C u l t u r e  

For  l i f e  o y c l e  s t u d i e s ,  A r t h r o b a c t e r  c r y s t a l -  

l o p o i e t e s  (ATCC 15^81) was grown i n  500 ml TGY b r o t h  ( 0 . 5 #  

(w/v)  t r y p t o n e ,  0 . 25# (w/v) y e a s t  e x t r a c t ,  0 . 1 #  (w/v) 

g l u c o s e  ) i n  Eplenmeyer  f l a s k s  a t  30 C i n  a  New B runsw ick  

model VS r o t a r y  s h a k e r  a t  175 r e v / m i n .  DNA was p u r i f i e d  

from c e l l s  grown i n  TGY b r o t h  f o r  2 0 -2 4  h r s  a t  30 C i n  a 

4 l i t e r  New B runsw ick  M ic ro fe rm .  S to c k  c u l t u r e s  were  m a in 

t a i n e d  on TGY a g a r  p l a t e  and t r a n s f e r r e d  a t  48 h r  i n t e r v a l s .  

Inoculum f o r  b r o t h  c u l t u r e s  was p r e p a r e d  by t r a n s f e r r i n g  

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

w ere  i n i t i a t e d  w i t h  3 • 5  ml o f  a  24 h r  b r o t h  c u l t u r e .  B r o th  

c u l t u r e s  p r e p a r e d  t h i s  way had  an  i n i t i a l  o p t i c a l  d e n s i t y  

o f  0 . 0 4  a t  475 nm on S p e c t r o n i c  20 (Bausch  and Lomb). 

M orphogenes is  o f  A r t h r o b a c t e r  c r v s t a l l o p o i e t e s  was f o l l o w e d  

u s i n g  t h e  Webb c e l l  w a l l  s t a i n  ( 3 4 ) .
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L y s i s  P r o c e d u r e

The f o l l o w i n g  l y s i s  p r o c e d u r e  was m o d i f i e d  from th e  

method o f  J .  C l a r k  and G. B ro w n e l l  ( N o c a r d i a  N e w s l e t t e r ,

No. 7 ,  1 9 6 9 ) .

C e l l s  w ere  washed 3 t o  5 t im e s  w i t h  d i s t i l l e d  w a t e r ,  

t h e n  s u s p e n d e d  i n  0 . 1 5  M NaCl, 0 . 0 1 5  M sodium c i t r a t e  

b u f f e r ,  pH 7 . 0  ( h e r e a f t e r  a b b r e v i a t e d  as  IXSSC), u s i n g  a p 

p r o x i m a t e l y  20 ml b u f f e r  p e r  gram w e t  p ack e d  w e i g h t  o f  

c e l l s .  Lysozyme ( 1 0 0  u g /m l )  was added  and t h e  c e l l  s u s 

p e n s i o n  i n o c u l a t e d  a t  37 C i n  a  w a t e r  b a t h  f o r  one h r .  P r o -  

n a s e  ( 1 0 0  u g /m l )  was t h e n  added  and 37 C i n c u b a t i o n  co n 

t i n u e d  f o r  one h r  o r  u n t i l  i n c r e a s e d  v i c o s i t y  of  t h e  s u s 

p e n s i o n  was o b s e r v e d .  A 25^  (w/v)  sodium l a u r y l  s u l f a t e  

s o l u t i o n  was added  t o  o b t a i n  f i n a l  c o n c e n t r a t i o n  o f  50 ug /ml,  

The s u s p e n s i o n  was h e a t e d  t o  60 C f o r  5 t o  30 min a s  n e c e s 

s a r y  f o r  l y s i s .

Enzymes

R i b o n u c l e a s e  (5% c r y s t a l l i z e d ,  C a lb iochem )  was 

h e a t e d  t o  95 C f o r  10  m in ,  as  a 1 mg/ml s o l u t i o n  and s t o r e d  

a t  4 C. The s t o c k  s o l u t i o n  o f  p r o n a s e  (1 m g /m l ) ,  ( C a l b i o 

chem ),  was p r e - i n c u b a t e d  1 h r  a t  37 C t o  d e s t r o y  n u c l e a s e  

a c t i v i t y  and s t o r e d  a t  - 1 0  C. E l e c t r o p h o r e t i c a l l y  p u re  

DNase was p u r c h a s e d  f rom  W o r th i n g to n  B i o c h e m i c a l .
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P r é p a r a tJ on oJ.‘ DM F.i 1 t e r r  

DNA was p u r i f i e d  f rom  t h e  c e l l  l y s a t e  by Marmur's  

p r o c e d u r e  ( 2 5 ) w i t h  i n t e r m e d i a t e  en zy m a t ic  t r e a t m e n t  w i t h  

r i b o n c u l e a s e  (100 u g /m l )  f o r  an a d d i t i o n a l  h r  b e f o r e  f i n a l  

d e p r o t i e n i z a t i o n .  D é n a t u r a t i o n  o f  DNA and l o a d i n g  o f  DNA 

o n to  f i l t e r s  w e re  c a r r i e d  o u t  by t h e  p r o c e d u r e s  o f  G i l l e s p i e  

and Sp iege lm an  ( l 8 )  e x c e p t  a l l  DNA was lo a d e d  u s i n g  6XSSC 

as  t h e  l o a d i n g  s o l u t i o n .  One o r  two O.D.250 n a t i v e  DNA 

were  l o a d e d  on e a c h  25  mm n i t r o c e l l u l o s e  f i l t e r s  ( S c h e i c h e r  

and S c h u e l l ,  t y p e  B 6) .  The amount o f  DNA on sam p le  f i l t e r s  

was d e te r m i n e d  by t h e  p r o c e d u r e  o f  Bonner e_t a l . ( 6 ) .

P u r i f i c a t i o n  o f  RNA 

RNA was p u r i f i e d  f rom  c e l l  l y s a t e s  by e x t r a c t i o n  

w i t h  w a t e r  s a t u r a t e d  p h e n o l  and p r e c i p i t a t i o n  f rom  70^  (w/v) 

e t h a n o l .  1/10X880 p l u s  O.OIM MgCl2 u se d  f o r  RNA p u r i 

f i c a t i o n .  A f t e r  3 o r  4  p h e n o l  e x t r a c t i o n s ,  RNA was t r e a t e d  

w i t h  DNase (50 u g /m l )  f o r  1 h r  a t  37 0, f o l l o w e d  by p r o n a s e  

(100 u g /m l )  f o r  an  a d d i t i o n a l  h r  a t  37 0 .  P h e n o l  e x t r a c t i o n  

was c o n t i n u e d  u n t i l  a l m o s t  no p r o t e i n  a p p e a r e d  a t  t h e  p he n o l -  

w a t e r  i n t e r f a c e .  RNA was p r e c i p i t a t e d  w i t h  2 vo lumes 95^ 

e t h a n o l  and r e s u s p e n d e d  i n  O .05M p o t a s s i u m  p h o s p h a t e  b u f f e r ,  

pH 6 . 8 ,  i n  p r e p a r a t i o n  f o r  h y d r o x y a p a t i t e  c h ro m a to g r a p h y .

H y d r o x y a p a t i t e  Column Chrom atogranhv  o f  RNA 

Three  gra o f  B io - G e l  HTP (B io-Rad  L a b o r a t o r y ,

Richmond, C a l i f o r n i a ) ,  a  h y d r o x y a p a t i t e  g e l ,  was washed  w i t h
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t h r e e  k-0 ml p o r t i o n s  o f  0 . 0 5  M p o ta s s iu m  p h o s p h a t e  b u f f e r ,  

pH 6 .8  and th e  f i n e s  d e c a n t e d .  A s l u r r y  o f  t h e  h y d ro x y 

a p a t i t e  i n  50 ml o f  t h e  same b u f f e r  was packed  i n  a 9 mm 

Sephadex column f i t t e d  w i t h , a  g l a s s  wool f i l t e r .  The v o i d  

volume and u n i f o r m i t y  o f  bed p a c k in g  were  d e te r m in e d  by ob

s e r v i n g  t h e  p a s s i n g  o f  m e th y l  o ran g e  th r o u g h  th e  column.

The column was washed w i t h  k-0 ml o f  t h e  p a c k in g  b u f f e r  

b e f o r e  u s e .

Samples c o n t a i n i n g  up t o  3 mg of  RNA, w h ich  had been  

p h e n o l  e x t r a c t e d  and e n z y m a t i c a l l y  t r e a t e d  w ere  l o a d e d  

on t h e  column i n  1 t o  2 ml o f  t h e  p a ck in g  b u f f e r .  RNA was 

e l u t e d  w i t h  a l i n e a r  g r a d i e n t  o f  0 . 0 5 —0 .3  M p o t a s s i u m  p h o s 

p h a t e ,  pH 6 . 8 , w i t h  a t o t a l  volume of  l4 0  m l .  P r o t e i n  and 

n u c l e i c  a c i d  e l u t i o n  was f o l l o w e d  by UV a b s o r p t i o n  a t  25^  nm 

and 2 . 5  ml f r a c t i o n s  c o l l e c t e d  i n  an I s c o  U l t r a v i o l e t  

A n a l y z e r ,  Model UA-2, and f r a c t i o n  c o l l e c t o r .  RNA e l u t i o n  

was c a r r i e d  o u t  a t  ^  0 w i t h  an i n i t i a l  column p r e s s u r e  o f  

80 g/cm . F r a c t i o n s  c o n t a i n i n g  RNA were p o o l e d ,  p r e c i p i 

t a t e d  i n  70^  (w/v) e t h a n o l  and r e s u s p e n d e d  i n  1XSSC f o r  

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

The h y d r o x y a p a t i t e  column was washed  w i t h  k-0 ml o f  

0.*+M p o t a s s i u m  p h o s p h a t e  b u f f e r ,  pH 6 . 8 ,  f o l l o w e d  by ^0 ml 

o f  p a c k in g  b u f f e r ,  b e f o r e  r e - u s e .  Three  o r  f o u r  sam ples  

were  r u n  on each  column p r e p a r e d .
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S u c ro se  G r a d ie n t s  

O n e - t e n th  ml o f  1XSSC c o n t a i n i n g  2 5 -80  ug o f  RNA 

was l a y e r e d  on ^ . 2  ml o f  a  5 -  20 p e r c e n t  s u c r o s e  g r a d i e n t  

i n  1X880 and c e n t r i f u g e d  2 1 /2  h r s  a t  10 C a t  6 5 ,0 0 0  r . p . m .  

(>+2,000 X G) i n  t h e  8W 65 Ti  head  i n  a Beckman L2-65B u l t r a 

c e n t r i f u g e .  G r a d i e n t s  were  r e a d  a t  254 nm t h r o u g h  an I s c o  

upward f lo w  c e l l .  F our  d ro p  f r a c t i o n s  were  c o l l e c t e d  and 

c o u n te d  when l a b e l e d  RNA was a n a l y s e d .

DNA-RNA H y b r i d i z a t i o n  

I n i t i a l  h y b r i d i z a t i o n s  were done u s i n g  th e  h i g h  

t e m p e r a t u r e  method o f  G i l l e s p i e  and S p iege lm an  ( l 8 ) .  L a t e r  

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

c u r v e s ,  were  done a t  room t e m p e r a t u r e  (2 4 -2 5  0) i n c o r p o r a t i n g  

3)0% ( v / v )  formamide a s  d e s c r i b e d  by Bonner e t  a l . ( 6 ) .  One o r  

two ml volumes w ere  u s e d  f o r  a l l  h y b r i d i z a t i o n s .  B lank  

f i l t e r s  were  washed by s u c t i o n  f i l t r a t i o n  w i t h  50 ml o f  6X880 

o f  e a c h  s i d e  and h e a t e d  2 h r s  a t  80 C i n  a  vacuum oven .  A l l  

h y b r i d i z a t i o n s  were  r u n  12 h r s  w i t h  d u p l i c a t e  DNA c o n t a i n i n g  

f i l t e r s .  F o r  c o m p e t i t i o n  e x p e r i m e n t s ,  v a r y i n g  amounts o f  u n 

l a b e l e d  RNA were h y b r i d i z e d ,  and th e  f i l t e r s  i n c u b a t e d  w i t h  

20 ug/ml r i b o n u c l e a s e ,  f o l l o w e d  by a second  h y b r i d i z a t i o n  

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

N u c le i c  a c i d  c o n c e n t r a t i o n  was d e t e r m i n e d  s p e c t r o -  

p h o t o m e t r i c a l l y  assum ing  c o e f f i c i e n t s  o f  2 . 3  x 10^ cm^/gm 

f o r  RNA and 2 . 5  x  10^ cm^/gm f o r  DNA a t  260 nm.
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R a d i o a c t i v i t y  D e t e r m i n a t i o n  

RNA was l a b e l e d  by a d d i t i o n  o f  p32 o r t h o p h o s p h a t e  

(150 a C l /5 0 0  ml)  d u r i n g  t h e  l a s t  2 h r s  o f  g ro w th .  Some c u l 

t u r e s  f o r  e x t r a c t i o n  o f  DNA were  l a b e l e d  w i t h  th y m id in e  

C30 u C l / 1 ) . R a d i o i s o t o p e s  and O m n l f lu o r  w ere  p u r c h a s e d  from 

New E ng land  N u c l e a r ,  B o s to n ,  M a s s a c h u s e t t s .

Samples were  c o u n te d  I n  10 ml o f  d lo x a n e  c o n t a i n i n g  

100 g / 1  n a p h t h a l e n e  and 8 g /1  O m nlf lu o r  I n  a P a c k a rd  T r l -  

Carb l i q u i d  s c i n t i l l a t i o n  c o u n t e r .



CHAPTER I I I  

R e s u l t s

The maximum c h an ges  i n  c e l l  m orphology  d u r i n g  

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

a r e  e x p r e s s e d  d u r i n g  g ro w th  i n  a complex medium su c h  as  

t r y p t o n e - y e a s t  e x t r a c t - g l u c o s e  b r o t h  ( F i g .  1 ) .  Under t h e  

c o n d i t i o n s  o f  g ro w th  d e s c r i b e d  i n  M a t e r i a l s  and Methods,  

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

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

tween *+ and 5 h r s .  G r e a t e s t  r o d  l e n g t h  o c c u r s  b e tw ee n  10  

and 12 h r s .  The r o d s  s h o r t e n  a f t e r  12 h r s ,  a p r o c e s s  w h ich  

has  been  c a l l e d  f r a g m e n t a t i o n .  C e l l  w a l l  s t a i n s  r e v e a l  many 

c e l l s  c o n t a i n i n g  t h r e e  c r o s s - s e p t a ,  and b o t h  d i r e c t  c e l l  

c o u n t s  and p l a t e  c o u n t s  o f  c u l t u r e s  show a 4 - f o l d  i n c r e a s e  

i n  c e l l  number a t  t h e  o n s e t  o f  r o d - s h o r t e n i n g .  T h is  s u g g e s t s  

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

v i s i o n s .  The 3 a g e s  c h o s e n  f o r  s t u d y  w ere  4 h r  -  f i r s t  r o d  

d i v i s i o n ,  10 h r -  m id - l o g  p h a s e  and g r e a t e s t  r o d  l e n g t h ,  and 

16 h r  -  l a t e  l o g  p h a s e  s h o r t e n i n g  r o d s .

High m o l e c u l a r  w e i g h t  DNA from A r t h r o b a c t e r  

c r v s t a l l o p o i e t e s  was n e e d e d  f o r  DNA-RNA h y b r i d i z a t i o n  e x p e r i 

m e n t s .  N e i t h e r  o s m o t ic  sh ock  n o r  t r e a t m e n t  w i t h  lysozym e was

10
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F i g .  1 - - L i f e  c y c l e  of  A r t h r o b a c t e r  c r y s t a l l o p o i e t e s  in TGY broth.  C u l tu re  a s  

d e s c r i b e d  in M a t e r i a l s  and M e t h o d s .  C e l l  w a l l s  w e r e  s ta in e d  with  the Webb c e l l  w a l l  
s ta in .  N u m b e r s  sh ow  a g e  of  c u l t u r e  in h o u r s .
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e f f i c i e n t  i n  l y s i n g  c e l l s .  C e l l s  o f  A r t h r o b a c t e r  c r y s t a l - 

l o p o i e t e s  showed v a r y i n g  r e s i s t a n c e  to  l y s i s  w i t h  lysozyme 

as  a f u n c t i o n  o f  c u l t u r e  age ( F i g .  2 ) .  Rods had  g r e a t e r  r e 

s i s t a n c e  to  lysozyme th a n  s p h e r e s .  The 48 h r  s p h e r e s  used  

as inoculum  had an e x t r a c e l l u l a r  s l im e  l a y e r  w hich  was n o t  

removed d u r i n g  w ash in g  and w hich  a p p a r e n t l y  p r e v e n t e d  lysozyme 

from c o n t a c t i n g  t h e  c e l l  w a l l s .  The 24 h r  s p h e r e s  had  s y n 

t h e s i z e d  v e r y  l i t t l e  o f  t h e  p r o t e c t i n g  s l i m e  l a y e r  and 90^ 

were  s e n s i t i v e  t o  ly so zy m e .  However, c e l l s  p r e - t r e a t e d  w i t h  

lysozyme c o u ld  be l y s e d  by i n c u b a t i o n  w i t h  p r o n a s e  f o l l o w e d  

by th e  a d d i t i o n  o f  sodium l a u r y l  s u l f a t e .

H y b r i d i z a t i o n s  were  c a r r i e d  o u t  w i t h  DNA bound to  

f i l t e r s .  B in d in g  t h e  DNA t o  t h e  n i t r o c e l l u l o s e  f i l t e r s  

e l i m i n a t e s  DNA r e n a t u r a t i o n  d u r in g  h y b r i d i z a t i o n  ( 1 ? ) .  How

e v e r ,  t h e  u s e  o f  f i l t e r s  i n t r o d u c e s  t h e  p rob lem  o f  h ig h  

l e v e l s  o f  " n o i s e , "  i . e . ,  n o n - s p e c i f i c  b i n d i n g  o f  RNA t o  t h e  

f i l t e r s .  Most n o i s e  r e s u l t s  f rom b a s i c  p r o t e i n s  p r e s e n t  i n  

RNA o r  DNA w hich  b i n d  t o  b o t h  RNA and t h e  membrane f i l t e r s .  

P r e l i m i n a r y  e x p e r i m e n t s  o f  t h i s  s tu d y  were  r u n  to  d e te r m in e  

c o n d i t i o n s  w h ich  m in im iz ed  n o i s e .

N o ise  l e v e l s  w ere  u n a f f e c t e d  by i n c r e a s i n g  r i b o 

n u c l e a s e  c o n c e n t r a t i o n  t o  4o ug /m l  o r  by i n c u b a t i n g  w i t h  

p r o n a s e  a t  50 u g /m l  a f t e r  r i b o n u c l e a s e  t r e a t m e n t .  I n c r e a s i n g  

t h e  s a l t  c o n c e n t r a t i o n  f rom  2XSSC to  6XSSC i n c r e a s e d  n o i s e .  

Some r e d u c t i o n  o f  n o i s e  was a c h i e v e d  by w ash ing  b l a n k  

f i l t e r s  w i t h  50 ml o f  6XSSC on each  s i d e  and h e a t i n g  as  f o r
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F i g .  2 . — S e n s i t i v i t y  o f  c e l l s  t o  lysozyme a s  a  f u n c t i o n  o f  c u l 

t u r e  a g e .  Lysozyme c o n c e n t r a t i o n  was 1 .0  mg/ml i n  w a t e r .
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DNA-con ta in ing  f i l t e r s .  The most  e f f e c t i v e  method f o r  r e -  

d u r ; t io n  o f  rifjl.'îo WO.S fu r t -h o r  p u r i f i c a t i o n  o f  l^NA p r o p a r a -  

t i  ons by e l u t i o n  .from a h y d r o x y a p a t i t e  column wi Hi a 

0 . 05M-O.30M p o t a s s i u m  p h o s p h a t e  g r a d i e n t .  P u r i f i c a t i o n  by 

h y d r o x y a p a t i t e  c h ro m a to g ra p h y  d e c r e a s e d  n o i s e  o f  i n p u t  RNA 

from 2 . 5 - 3 - 2 ^  t o  0 . 1 - 0 . 3 # .

S o l u t i o n s  c o n t a i n i n g  RNA and v a r i o u s  compounds which  

m ig h t  be e x p e c t e d  t o  i n t e r f e r e  w i t h  h y b r i d i z a t i o n  w ere  p r e 

p a r e d  and a n a l y z e d  by h y d r o x y a p a t i t e  c h ro m a to g ra p h y  

( F i g .  3)* P h o s p h a te  m o l a r i t i e s  o f  c e r t a i n  f r a c t i o n s  were 

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

l e c t e d  t o  t h e  t o t a l  volume u s e d  f o r  t h e  g r a d i e n t  ( l 4 0  ml) 

a f t e r  c o r r e c t i o n  f o r  t h e  v o i d  volume (10 m l ) .  The a b s o r b 

a nce  o f  p h e n o l  a t  260 nm would i n t e r f e r e  w i t h  s p e c t r o p h o t o -  

r r ie t r ic  d e t e r m i n a t i o n  o f  RNA c o n c e n t r a t i o n  and g i v e  e r r o n e o u s  

s a t u r a t i o n  and c o m p e t i t i o n  v a l u e s .  I n  F i g .  3a? 1 t  can  be 

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

(40 .  U n le s s  l a r g e  amounts  o f  p h e n o l  were  p r e s e n t  i n  t h e  

RNA l o a d e d  o n to  t h e  column,  p h e n o l  c o u ld  e a s i l y  be s e p a r a t e d  

f rom RNA. The s e p a r a t i o n  o f  lysozyme and p r o n a s e  f rom  RNA 

was a l s o  exam ined  ( F i g .  3 b ) .  G i l l e s p i e  and S p ie g e lm an  ( 1 8 ) • 

found  20 ug /m l lysozym e c o u ld  b i n d  7 ^ . 9 ^  o f  i n p u t  RNA. Both 

p r o n a s e  and lysozym e w ere  e l u t e d  soon  a f t e r  t h e  v o i d  volume,  

w h i l e  tRNA was e l u t e d  a t  0 .11 M p h o s p h a t e .  The secon d  peak 

i n  F i g .  3c was r i b o s o m a l  RNA and e l u t e d  a t  0 .1 3  N p h o s p h a t e .
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F i g . 3 * — Chrom atography  o f  RNA on a h y d r o x y a p a t i t e  co lumn.  A. A r t h r o b a c t e r  RNA 
w i t h o u t  r em o v a l  o f  p h e n o l .  B. One mg E. c o l l  t  RNA p l u s  10 mg ly sozym e .
C. A r t h r o b a c t e r  RNA p l u s  DNA, I n c u b a t e d  w i t h  DNase as  d e s c r i b e d  I n  M a t e r i a l s  and Method:
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DNA in HNA p r e p a r a t i o n s  w i l l  compele  wi l.h DNA bound 

on t h e  f i l t e r  and c o n t r i b u t e  t o  n o i s e ,  so  s é p a r a t i o n  o f  DNA 

from  RNA i s  a l s o  d e s i r e d .  I n  F i g .  3c A r t h r o b a e t e r  RNA and 

t h e  o l i g o d e o x y n u c i e o t i d e s  r e s u l t i n g  f rom DNase d i g e s t i o n  

can  be s e e n  to  e l u t e  a t  d i s t i n c t l y  d i f f e r e n t  p h o s p h a t e  mo

l a r i t i e s .  S e v e r a l  f r a c t i o n s  i n  e a c h  p e ak  were  h y d r o l y z e d  

i n  0 .3  M KOH o v e r n i g h t  a t  2h  C, p r e c i p i t a t e d  w i t h  3% p e r 

c h l o r i c  a c i d  and a b s o r b a n c e  o f  t h e  s u p e r n a t a n t  a t  260 nm 

d e t e r m i n e d .  The f i r s t  p e ak  e l u t e d  was a l k a l i  s t a b l e ,  w h i l e  

t h e  seco n d  peak  was h y d r o l y z e d  by t h e  b a s e .

The e f f i c i e n c y  o f  h y d r o x y a p a t i t e  i n  s e p a r a t i n g  RNA 

f rom  c o n t a m i n a t i n g  compounds p e r m i t t e d  t h e  o m i s s i o n  o f  

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

C a l c u l a t i o n s  o f  y i e l d  o f  RNA e l u t e d  f rom  t h e  column was n e a r  

100% f o r  r u n s  a n a l y z e d .  No s i g n i f i c a n t  amount o f  m a t e r i a l  

a b s o r b i n g  a t  nm was e l u t e d  d u r i n g  th e ^ O .^  M p o t a s s i u m  

p h o s p h a t e  wash a f t e r  RNA c h ro m a to g r a p h y .

F i g .  4 shows s u c r o s e  g r a d i e n t  a n a l y s i s  o f  l a b e l 

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

t i o n s .  The 10 h r  s h o r t - l a b e l e d  RNA p r e p a r a t i o n  shows l a b e l 

i n g  i n t e r m e d i a t e  t o  s i z e  t o  5s and 16s rRNA, i n d i c a t i n g  t h e  

p r e s e n c e  o f  some mRNA. L o n g - l a b e l e d  RNA shows l i t t l e  i n t e r 

m e d ia t e  s i z e d  l a b e l e d  RNA. S u c ro s e  g r a d i e n t s  o f  t o t a l  RNA 

sam ples  b e f o r e  and p o o le d  RNA f r a c t i o n s  a f t e r  h y d r o x y 

a p a t i t e  c h ro m a to g ra p h y  r e v e a l e d  no ch an g e s  i n  m o l e c u l a r  

w e i g h t  o f  RNA. Lack o f  b r e a k s ,  100% y i e l d s ,  and t h e
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F i g .  4 . — I n c o r p o r a t i o n  o f  p32 o r t h o p h o s p h a t e  i n  A r t h r o b a c t e r  R M .  
A. C e l l s  l a b e l e d  t h r o u g h o u t  l 6  h r  g ro w th  p e r i o d .  B. C e l l s  l a b e l e d  l a s t  
two h r s  o f  10 h r  g ro w th  p e r i o d .
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p h o s p h a te  m o l a r i t y  r e q u i r e d  f o r  e l u t i o n  o f  v a r i o u s  compounds 

a g r e e d  w i t h  r e s u l t s  p u b l i s h e d  by B e r n a r d i  (5)» There  was 

o n ly  m inor  a b s o r p t i o n  a t  p h o s p h a t e  m o l a r i t i e s  below 0 .1 0  M 

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

c o n t a m i n a t i o n  w i t h  p h e n o l  and o l i g o d e o x y n u c l e o t i d e s  even  

b e f o r e  h y d r o x y a p a t i t e  c h ro m a to g ra p h y .

I n i t i a l  h y b r i d i z a t i o n s  c o n c e rn e d  w i t h  n o i s e  r e d u c 

t i o n  were  c o n d u c te d  a t  66 C ( l 8 ) .  L a t e r  h y b r i d i z a t i o n s  were  

done a t  2^—25 C i n  t h e  p r e s e n c e  o f  30^ ( v / v )  formamide ( 6 ) .  

S u b s t i t u t i o n  o f  30^ formamide f o r  h i g h  t e m p e r a t u r e  g i v e s  t h e  

same d e g re e  o f  r e n a t u r a t i o n  o f  t h e  n u c l e i c  a c i d s  ( 2 7 ) w i t h  

t h e  r e d u c t i o n  o f  t h e r m a l  d e g r a d a t i o n  o f  RNA. Use o f  f o rm a 

mide a l s o  r e d u c e s  l o s s  o f  DNA from  f i l t e r s  d u r in g  h y b r i d i z a 

t i o n s  ( 6 ) .  Sample f i l t e r s  f rom  th e  same l o t  c o n t a i n i n g  

t r i t i u m  l a b e l e d  DNA r e t a i n e d  977 c o u n t s / m i n / f i l t e r  d u r in g  

formamide h y b r i d i z a t i o n ,  w h i l e  f i l t e r s  s u b j e c t e d  t o  h i g h  

t e m p e r a t u r e  h y b r i d i z a t i o n  r e t a i n e d  o n ly  838 c o u n t s / m i n /  

f i l t e r .

S a t u r a t i o n  c u rv e s  f o r  RNA p r e p a r a t i o n  f o r  each  o f  

t h e  t h r e e  ages  a r e  p r e s e n t e d  i n  F i g .  5* The amount o f  DNA 

h y b r i d i z i n g  to  RNA r i s e s  w i t h  i n c r e a s e d  RNA i n p u t .  No p l a 

t e a u s  a r e  o b s e r v e d  on any s a t u r a t i o n  c u rv e s  so p e r c e n t a g e  

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

RNA i n p u t  u s e d .  The v a l u e s  f o r  s a t u r a t i o n  were  fo u nd  t o  be 

1 .6 0 # ,  2 . 1>+# and 1 . 18# ,  r e s p e c t i v e l y ,  f o r  4 h r ,  10 h r ,  and 

16 h r  RNA.
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Ô0 ug DNA.
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A l l  t h r e e  RM  s a t u r a t i o n  c u r v e s  have  a change  i n  

s l o p e  n e a r  a  RNA i n p u t  o f  ^  to  5 0-D*260* These  i n d i c a t e  

t h e  p r e s e n c e  o f  two m a jo r  g r o u p s  o f  RNA w h ic h  v a r y  s i g 

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

on eac h  s a t u r a t i o n  c u rv e  r e p r e s e n t  t h e  s a t u r a t i o n  o f  DNA 

s i t e s  w i t h  RNA s p e c i e s  p r e s e n t  i n  h i g h e r  c o n c e n t r a t i o n .

These  p o i n t s  c an  be u se d  t o  c a l c u l a t e  t h e  p e r c e n t  o f  DNA 

s a t u r a t e d  by t h e s e  h i g h  c o n c e n t r a t i o n  s p e c i e s .  S a t u r a t i o n  

o f  t h e  DNA by t h e s e  RNA s p e c i e s  f o l l o w s  f i r s p  o r d e r  k i n e t i c s ,  

so  a d ou b le  r e c i p r o c a l  p l o t  o f  t h e  v a l u e s  i n  F i g .  5 s h o u ld  be 

l i n e a r .  A l i n e  was f i t t e d  to  t h e  p o i n t s  o b t a i n e d  u s i n g  th e  

l e a s t  s q u a r e s  e q u a t i o n .  E x t r a p o l a t i o n  o f  t h i s  l i n e  t o  z e r o  

RNA i n p u t  showed t h a t  t h e  h i g h  c o n c e n t r a t i o n  RNA s p e c i e s  f rom 

4- h r  c u l t u r e s  s a t u r a t e d  0 . 6 2 #  o f  t h e  DNA, RNA from 10 h r ,

0 . 87# and RNA from  16 h r ,  0 . 4 8 # .

C o m p e t i t i o n  e x p e r i m e n t s  were  done to  o b t a i n  i n f o r m a 

t i o n  a b o u t  d i f f e r e n c e s  i n  RNA s p e c i e s  p r e s e n t  a t  v a r i o u s  

c u l t u r e  a g e s .  'The r e s u l t s  o f  s e q u e n t i a l  c o m p e t i t i v e  h y b r i d i 

z a t i o n s  a r e  shown i n  F i g s .  6 ,  7 and 8 ,  and summarized i n  

T ab le  1 . P r i o r  h y b r i d i z a t i o n  w i t h  u n l a b e l e d  RNA p r e v e n t s  

l a b e l e d  RNA s p e c i e s  w h ic h  h ave  t h e  same s e q u e n c e  f rom  h y 

b r i d i z i n g ,  s i n c e  com plem en ta ry  DNA s e q u e n c e s  a r e  b l o c k e d .  

L ab e led  RNA se q u e n c e s  n o t  p r e s e n t  d u r i n g  t h e  f i r s t  h y b r i d i 

z a t i o n  a c c o u n t  f o r  h y b r i d s  fo rm ed d u r i n g  t h e  se co n d  h y b r i d i 

z a t i o n .
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F i g .  6 . — C o m p e t i t i o n  e x p e r i m e n t s  w i t h  16 h r  p32 

l a b e l e d  RNA, 9.1 O .D .2 6 o /^ l*  V ary ing  amounts  o f  un 
l a b e l e d  RNA from  16 h r ,  10 h r ,  and k  h r  c e l l s  w e re  p r e 
h y b r i d i z e d  as  i n d i c a t e d .  P32 l a b e l e d  RNA d e s i g n a t e d  
by * .
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2 4

TABLE 1

SUMMARY OF COMPETITION EXPERIMENTS

U n l a b e l e d RNA
P^^ L ab e le d  RNA 4 h r 10 h r 16 h r

4 h r 91^ 79^ 28^

10 h r 80^ * 66^

16 h r 4 9^ 60^ 99^

^Not done .



CHAPTER IV 

DISCUSSION

D ur ing  d e v e lo p m e n t  o f  a l y s i s  p r o c e d u r e ,  c e l l s  o f  

A r t h r o b a c t e r  c r v s t a l l o p o i e t e s  w ere  shown to  v a r y  i n  s e n s i 

t i v i t y  t o  lysozyme a s  a  f u n c t i o n  o f  c u l t u r e  a g e ,  w i t h  ro d s  

more r e s i s t a n t  t h a n  s p h e r e s .  K r u lw ic h  e t  (20)  ha v e  r e 

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

b a ck b o n e s  t h r e e  t im e s  t h e  l e n g t h  o f  t h o s e  i n  s p h e r e s .

C le a v a g e  o f  t h e  g l y c o s i d i c  bonds by lysozyme i n  a  s p h e r e  w a l l  

c o n t a i n i n g  o n ly  s h o r t  p o l y s a c c h a r i d e s  m ig h t  weaken a s p h e r e  

c e l l  w a l l  c o n s i d e r a b l y  more t h a n  a ro d  c e l l  w a l l  w h ic h  c o n 

t a i n s  t h e  l o n g e r  p o l y s a c c h a r i d e s . S p h e re s  w ould  t h u s  be 

more s e n s i t i v e  t o  ly so z y m e .  K r u lw ic h  and E n s i g n  (22)  found  

h i g h e r  s p e c i f i c  a c t i v i t y  o f  an  a u t o l y t i c  N - a c e ty l - m u r a m i d a s e  

i n  s p h e r e  w a l l s  t h a n  i n  r o d  w a l l s .  They s u g g e s t e d  t h a t  t h e  

enzyme m ig h t  be c a u s a l l y  r e l a t e d  t o  c e l l  m o r p h o g e n e s i s .  I t  

was h y p o t h e s i z e d  t h a t  t h e  s p h e r i c a l  shape  r e s u l t s  f rom  a 

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

l o n g e r  p e p t i d e  c r o s s - b r i d g e s .

I n i t i a l  h y b r i d i z a t i o n s  had  a n o i s e  l e v e l  so  h i g h  i t  

o f t e n  o b s c u r e d  c o u n t s  due to  h y b r i d i z e d  RNA. P r e l i m i n a r y

25
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e x p e r i m e n t s  w e re  r u n  t o  d e t e r m i n e  t h e  c o n d i t i o n s  o f  h y b r i d 

i z a t i o n  which  m in im iz e d  n o i s e .  From t h e s e  e x p e r i m e n t s  t h e  

optimum c o n d i t i o n s  were  fo u n d  t o  be  i n c u b a t i o n  i n  2XSSC f o r  

12 h r ,  u s in g  b l a n k  f i l t e r s  w ashed  w i t h  6XSSC and h e a t e d  2 h r  

a t  80 C, w i t h  h i g h  t e m p e r a t u r e  (66 C) a s  t h e  r e n a t u r i n g  

a g e n t .  For  d e t e r m i n a t i o n  o f  s a t u r a t i o n  and c o m p e t i t i o n  

v a l u e s ,  30^ formamide was s u b s t i t u t e d  a s  t h e  r e n a t u r i n g  

a g e n t .  McConaughy ^  a l .  (27)  showed r e n a t u r a t i o n  w i t h  66 C 

and 30^ formamide t o  be e q u i v a l e n t  i n  2XSSC.

The m ost  e f f e c t i v e  way o f  r e d u c i n g  n o i s e  was p u r i 

f i c a t i o n  of  t h e  p h e n o l - e x t r a c t e d  and e n z y m a t i c a l l y  t r e a t e d  

RNA on a h y d r o x y a p a t i t e  co lum n.  E l u t i o n  w i t h  a  l i n e a r  g r a 

d i e n t  o f  0 . 0 5  M -  0 . 3 0  M p h o s p h a t e ,  pH 6 . 8 ,  s e p a r a t e d  

RNA from  c o n t a m i n a t i n g  p r o t e i n ,  p h e n o l  and o l i g o n u c l e o t i d e s .  

A d s o r p t i o n  o f  RNA o c c u r s  b e c a u s e  o f  t h e  i n t e r a c t i o n  be tw een  

n e g a t i v e l y  c h a r g e d  p h o s p h a t e  g r o u p s  o f  RNA and t h e  p o s i t i v e  

c a l c iu m  i o n s  on t h e  s u r f a c e  o f  t h e  h y d r o x y a p a t i t e  c r y s t a l s .  

B a s i c  p r o t e i n s ,  w h ich  c a u s e  h i g h  l e v e l s  o f  n o i s e  when p r e s e n t  

i n  RNA o r  DNA, a r e  r e t a i n e d  l e s s  s t r o n g l y  t h a n  p o l y n u c l e o 

t i d e s ,  s i n c e  t h e  c a rb o x y  g ro u p s  o f  t h e s e  p r o t e i n s  have  a 

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

t i o n  o f  p o l y n u c l e o t i d e s  f rom  h y d r o x y a p a t i t e  i s  c a u s e d  by th e  

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

b u f f e r  and i s  due t o  t h e  s p e c i f i c  c o m p e t i t i o n  b e tw ee n  t h e  

p h o s p h a t e  i o n s  o f  t h e  e l u t i n g  p h o s p h a t e  b u f f e r  and t h e  p h o s 

p h a t e  g ro u p s  o f  p o l y n u c l e o t i d e s  f o r  c a l c iu m  i o n s  o f
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h y d r o x y a p a t i t e .  The e l u t i o n  o r d e r  o f  p o l y n u c l e o t i d e s  from 

h y d r o x y a p a t i t e  i s  d e p e n d e n t  on t h e  n e g a t i v e  c h a r g e  d e n s i t y  

o f  t h e  p o l y n u c l e o t i d e s .  F l e x i b l e  ra i j id o m ly -co i led  p o l y 

n u c l e o t i d e s  a r e  e l u t e d  f rom  h y d r o x y a p a t i t e  by lo w e r  p h o sp h a te  

m o l a r i t i e s  t h a n  r i g i d ,  h e l i c a l  p o l y n u c l e o t i d e s .  B r i t t e n  and 

Kohne (7 ) have  u s e d  t h i s  p r i n c i p l e  t o  s e p a r a t e  s i n g l e 

s t r a n d e d  DNA from  r e n a t u r e d  h y b r i d s  a f t e r  l i q u i d  h y b r i d i 

z a t i o n .

The s a t u r a t i o n  v a l u e s  o f  A r t h r o b a c t e r  t o t a l  RNA was 

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

e s t  p o r t i o n  o f  t h e  DNA b e in g  t r a n s c r i b e d  i n  10 h r  r o d  c e l l s .  

The most  a b u n d a n t  m essages  w i l l  s a t u r a t e  t h e i r  gene  s i t e s  

f i r s t .  W ith  i n c r e a s i n g  RNA i n p u t  l e s s  a b u n d a n t  s p e c i e s  w i l l  

s a t u r a t e  t h e i r  com plem enta ry  DNA. C i s t r o n s  f o r  rRNA and 

tRNA have been  shown t o  a c c o u n t  f o r  0 . 3 5 ^  o f  t h e  DNA i n  E. 

c o l i  ( 1 9 ) '  I n  t h e  same p a p e r  K e n n e l l  c a l c u l a t e d  t h a t  80^ o f  

E. c o l i  RNA was rRNA and 17^ was tRNA, and t h e s e  s t a b l e  RNA 

s p e c i e s  s a t u r a t e d  t h e i r  gene  s i t e s  a t  a 1 /160  RNA/DNA r a t i o .  

R ibosom al  and t r a n s f e r  RNA a r e  p r e s e n t  i n  g r e a t  e x c e s s  even  

a t  t h e  l o w e s t  RNA i n p u t  u s e d  i n  t h e s e  e x p e r i m e n t s  and w i l l  

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

S in c e  t h e  % s a t u r a t i o n  f o r  RNA s p e c i e s  p r e s e n t  i n  

h i g h  c o n c e n t r a t i o n  e x c e d e s  t h a t  e x p e c t e d  f o r  rRNA and tRNA, 

some mRNA s p e c i e s  must  be r e l a t i v e l y  a b u n d a n t .  Among t h e s e  

m essages  p r o b a b l y  would be m essag es  f o r  DNA and RNA p o l y 

m e r a s e s ,  r i b o s o m a l  p r o t e i n s ,  tRNA a c y l a t i n g  enzymes and
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t r i c a r b o x y  a c i d  c y c l e  enzymes .  These  m e s s a g e s ,  tRNA and 

rRNA shcjul d be t r a n s c r  i bed t h r o u g h o u t  growth  reg u rd  I c s s  ol‘ 

the  s t a g e  o f  s p h e r e - r o d  m o r p h o g e n e s i s .  The d l f J ' e r e n c e  be

tween t o t a l  s a t u r a t i o n  and t h e  s a t u r a t i o n  v a l u e s  d e te r m in e d  

f o r  tRNA, rRNA and t h e  o m n ip r e s e n t  m essages  w i l l  m o s t ly  r e 

f l e c t  changes  i n  t r a n s c r i p t i o n  d u r in g  s p h e r e - r o d  morpho

g e n e s i s .  I n  e l o n g a t i n g  r o d s  i n  h h r  c u l t u r e s ,  t h e  m essages  

b e in g  t r a n s c r i b e d  f rom  t h e  r e m a in in g  0 . 7 3 ^  of  t h e  DNA d i r e c t  

s y n t h e s i s  o f  enzymes u n i q u e  t o  r o d  g ro w th .  T h is  0 . 7 3 ^  w i l l  

be a r b i t r a r i l y  c a l l e d  " ro d  m e s s a g e s . "  S i m i l a r l y  i n  16 h r  

c u l t u r e s  t h e  O .7O# r e m a in i n g  w i l l  be c a l l e d  " s p h e r e  mes

s a g e s . "  I f  i t  i s  assumed t h a t  10 h r  ro d s  a r e  a t r a n s i t i o n  

s t a t e  be tw een  r o d s  and s p h e r e s ,  w i t h  b o t h  ro d  m essag es  and 

s p h e r e  m essages  b e in g  t r a n s c r i b e d  i n  a d d i t i o n  t o  o m n ip r e s e n t  

m e s s a g e s ,  2 . 0 5 ^  o f  t h e  DNA s h o u ld  be h y b r i d i z e d ,  w hich  i s  

c l o s e  t o  t h e  v a l u e  o f  2. ^h% d e te r m i n e d  by s a t u r a t i o n  e x p e r i 

m ents  .

W ith  t h e  a s s u m p t io n  t h a t  10 h r  r o d s  c o n t a i n  b o th  r o d  

and s p h e r e  m e s s a g e s ,  e x p e c t e d  c o m p e t i t i o n  v a l u e s  were  c a l c u 

l a t e d  from t h e  v a l u e s  i n  T ab le  2 .  A c o m p ar iso n  o f  t h e o 

r e t i c a l -  and e x p e r i m e n t a l  v a l u e s  i s  p r e s e n t e d  i n  T ab le  3*

T here  i s  good a g re e m e n t  b e tw een  t h e o r e t i c a l  and e x p e r i m e n t a l  

v a l u e s .  I n  c a l c u l a t i n g  t h e o r e t i c a l  c o m p e t i t i o n ,  i t  was a s 

sumed no r o d  m essag es  were  p r e s e n t  a t  16 h r  and no s p h e r e

m essages  were  p r e s e n t  a t  ^  h r .
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TABLE 2

THEORETICAL CONTRIBUTION OF RNA COMPONENTS 
TO SATURATION VALUES

h  h r 10 h r 16 h r

% DNA T r a n s c r i b e d 1 .60% 2 . 1>+# 1 . 18#

rRNA, tRNA and o m n ip r e s e n t  
c o n c e n t r a t i o n  m essages* 0 . 87# 0 . 6 2 # 0 .4 8 #

" S p h e re"  m essages 0 . 70# 0 . 70#

"Rod" m essages 0 .7 3 # 0 . 73#

1 .6 0 # 2 . 05# 1 . 18#

*C a l c u l a t e d  f rom  d a t a i n  F i g .  5»
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TABLE 3

COMPARISON OF THEORETICAL AND EXPERIMENTAL 
COMPETITION VALUES

U n l a b e l e d  RNA L a b e le d  RNA
T h e o r e t i c a l
C o m p e t i t i o n

E x p e r i m e n t a l
C o m p e t i t i o n

h r h  h r 100# 100#*

10 h r *+ h r 100# 87#*

16 h r h  h r 30# 31#*

*+ h r 10 h r 67# 80#

16 h r 10 h r 59# 66#

^ h r 16 h r 44# 49#

10 h r 16 h r 100# 60#

16 h r 16 h r 100# 99#

^ C a l c u l a t e d  f rom  T ab le  1. The e x p e r i m e n t a l  l e v e l  of  
s e l f - c o m p e t i t i o n  o f  ^  h r  RNA i s  s e t  a t  100^ ,  and t h e  v a l u e s  
o b s e r v e d  f o r  t h e  o t h e r  h y b r i d i z a t i o n s  w i t h  4 h r  l a b e l e d  RNA 
a d j u s t e d  p r o p o r t i o n a t e l y .
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The same a rg u m e n ts  would  be e q u a l l y  v a l i d  i f  ro d  

m essag es  were  c a l l e d  e a r l y  lo g  m essages  and s p h e r e  m essages  

te rm ed  l a t e  lo g  m e s s a g e s .  Very l i t t l e  e x p e r i m e n t a l  work has  

b een  done on a g in g  i n  b a c t e r i a l  c u l t u r e s  and i t  i s  n o t  known 

how g r e a t l y  t r a n s c r i p t i o n  chan ges  due t o  a g in g  o f  a c u l t u r e .

I t  i s  r e a s o n a b l e  t o  assume t h a t  10 h r  r o d s  c o n t a i n  

b o t h  r o d  and s p h e r e  m e s s a g e s ,  even  th o ug h  a l l  c e l l s  a r e  r o d s  

a t  t h e i r  g r e a t e s t  l e n g t h .  C r o s s - s e p t a  f o r  t h e  f i r s t  d i 

v i s i o n  w h ich  r e s u l t s  i n  s h o r t e r  r o d s  a r e  f i r s t  v i s i b l e  a t  

12 h r  w i t h  t h e  Webb c e l l  w a l l  s t a i n .  The two h o u r  i n t e r v a l  

r e p r e s e n t s  o n ly  1 1 /3  g e n e r a t i o n s  o f  g ro w th  o f  A r t h r o b a c t e r  

i n  TOY b r o t h .  T r a n s c r i p t i o n  o f  s p h e r e  g e n es  must  o c c u r  

e a r l i e r  t h a n  12 h r  f o r  e x p r e s s i o n  o f  t h o s e  g e n es  a t  12 h r .  

Aronson  (1)  r e p o r t e d  t h a t  enzymes f o r  s p o r u l a t i o n  o f  B a c i l l u s  

c e r e u s  a p p e a r e d  a f t e r  8 . 5  t o  9 h r s  o f  g ro w th ,  w h i l e  t h e  

f o r e s p o r e s  w ere  n o t  v i s i b l e  u n t i l  a f t e r  l 4  t o  15 h r s  o f  

g ro w th .

The c o m p e t i t i v e  h y b r i d i z a t i o n  e x p e r i m e n t s  show t h a t  

m esse n g e r  RNA p o p u l a t i o n s  change  c o n s i d e r a b l y  when compar ing  

e l o n g a t i n g  and s h o r t e n i n g  r o d s ,  w i t h  10 h r  r o d s  as  a t r a n s i 

t i o n  s t a t e .  One mechanism w h ich  c o u ld  a c c o u n t  f o r  d i f f e r 

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

RNA p o ly m e ra s e  w i t h  d i f f e r e n t  s p e c i f i c i t y .  T h is  h a s  been  

shown to  be t h e  c a s e  d u r i n g  T/ phage i n f e c t i o n  ( 9 ) -  A n o th e r  

mechanism i s  t h e  a l t e r a t i o n  o f  t h e  e x i s t i n g  RNA p o l y m e r a s e .

A s u b u n i t  o f  RNA p o ly m e r a s e  m o le c u le  c a l l e d  t h e  <r f a c t o r  was
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shown t o  be r e s p o n s i b l e  f o r  t h e  s p e c i f i c i t y  o f  t r a n s c r i p t i o n  

which  RNA p o ly m e ra s e  e x h i b i t s  ( 3 ? 8 , 1 1 , 3 0 , 3 1 , 3 2 , 3 3 ) •  During  

e n d o sp o re  f o r m a t i o n ,  d i f f e r e n t i a l  s y n t h e s i s  o f  m essenger  

RNA was d e m o n s t r a t e d  ( 1 ,1 3 ) *  The t e m p l a t e  s p e c i f i c i t y  of  

RNA p o ly m e ra s e  was shown t o  change d u r i n g  s p o r u l a t i o n  o f  

B a c i l l u s  s u b t i l l s  ( 2 4 ) .  S in c e  a r i f a m p i c i n - s e n s i t i v e  com

p o n e n t  o f  RNA p o ly m e ra s e  was c o n s e r v e d  d u r i n g  s p o r u l a t i o n ,  

i t  was p o s t u l a t e d  t h a t  t h e  a f a c t o r  was i n v o l v e d  i n  t h e  

change  o f  t e m p l a t e  s p e c i f i c i t y .  S i m i l a r  r e s u l t s  were  ob

t a i n e d  by Okana ^  a l .  i28 )  who found  chan g in g  t r a n s c r i p t i o n  

d u r i n g  m i c r o c y s t  f o r m a t i o n  i n  Myxococcus x a n t h u s .



CHAPTER V 

SUMMARY

The s p h e r e - r o d  m o rp h o g e n e s i s  o f  A r t h r o b a c t e r  c r y s t a l - 

l o o o l e t e s  h as  s e v e r a l  a d v a n t a g e s  as  a sy s te m  f o r  s t u d y i n g  

b a c t e r i a l  c o n t r o l  m echan ism s.  The m orphogenic  c y c l e  i s  

r e l a t i v e l y  s i m p le ,  q u a n t i t a t i v e ,  sy n c h ro n o u s  and can  be n u 

t r i t i o n a l l y  c o n t r o l l e d .

S e v e r a l  r e c e n t  i n v e s t i g a t i o n s  on m o rp h o g e n e s i s  i n  

A. c r v s t a l l o n o i e t e s  d e s c r i b e  c h ang es  i n  enzyme l e v e l s  w hich  

c o r r e l a t e  w i t h  m o r p h o l o g i c a l  c h a n g e s ,  and some work h as  been  

r e p o r t e d  on enzyme l e v e l  c o n t r o l .  No work on c o n t r o l  a t  t h e  

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

During  de v e lo p m e n t  o f  a l y s i s  p r o c e d u r e ,  v a r i a t i o n  

i n  s e n s i t i v i t y  to  lysozyme d u r in g  t h e  l i f e  c y c l e  was f o u n d .  

The change  i n  s e n s i t i v i t y  can  be c o r r e l a t e d  w i t h  chang es  i n  

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

I n i t i a l  membrane-bound DNA-RNA h y b r i d i z a t i o n  had 

h i g h  l e v e l s  o f  n o n s p e c i f i c  RNA b i n d i n g ,  o r  " n o i s e . "  Optimum 

c o n d i t i o n s  f o r  r e d u c t i o n  o f  n o i s e  were  fo u n d  to  be i n c u b a 

t i o n  f o r  12 h r  i n  2XSSC a t  66 C u s i n g  b la n k  f i l t e r s  w h ich  

had been  washed and h e a t e d .  P u r i f i c a t i o n  o f  RNA on a
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h y d r o x y a p a t i t e  column f u r t h e r  d e c r e a s e d  n o i s e  by rem ova l  o f  

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

H y b r i d i z a t i o n  e x p e r i m e n t s  were  done u s i n g  p r o c e d u r e s  

f o r  l y s i s  and RNA p u r i f i c a t i o n  on h y d r o x y a p a t i t e  w h ich  had 

b een  d e v e l o p e d .  S a t u r a t i o n  l e v e l s  o f  RNA w ere  shown to  v a ry  

w i t h  c u l t u r e  a g e ,  w i t h  th e  g r e a t e s t  p o r t i o n  o f  DNA b e in g  

t r a n s c r i b e d  a t  10 h r .  C a l c u l a t i o n s  o f  l e v e l s  o f  c o m p e t i t i o n  

e x p e c t e d  be tw een  a g es  c o r r e s p o n d  to  e x p e r i m e n t a l  v a l u e s ,  i f  

some u n i q u e  m essages  a r e  fo u n d  i n  r o d s  and s p h e r e ,  and a s 

suming 10 h r  r o d s  a r e  i n  a t r a n s i t i o n  s t a g e  b e tw ee n  r o d s  and 

s p h e r e s ,  and c o n t a i n  b o t h  r o d  and s p h e r e  m e s s a g e s .
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