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SPECTROSCOPY LETTERS, 1 3 ( 9 ) ,  635-648 (1980) 

SPIN-LABELLING OF RUBP CARBOXYLASE-OXYGENASE FROM 

PUMA R Y E .  I .  P R O P E R T I E S  OF THE LABELLED ENZYME' 

Norman P.A. Huner' and R icha rd  W. M i l l e r  

Chemist ry  and B i o l o g y  Research I n s t i t u t e  

A g r i c u l t u r e  Canada, Ottawa, K1A OC6 

T h i s  r e p o r t  desc r ibes  t h e  f i r s t  a p p l i c a t i o n  o f  n i t r o x i d e  s p i n  

l a b e l s  t o  t h e  s tudy  o f  s t r u c t u r e  and f u n c t i o n  r e l a t i o n s h i p s  i n  RUBP 

ca rboxy lase .  

r e g u l a t e d  by seve ra l  m e t a b o l i t e s .  Lo r imer  e t  a l .  ( 1  ) c h a r a c t e r -  

i z e d  t h e  a c t i v a t i o n  k i n e t i c s  o f  RUBPCase by COL and MgZt and i t s  

i n h i b i t i o n  by  RUBP. Chu and Bassham (2,3,4) showed t h a t  e f f e c t o r s  

such as NADPH and PGA s t i m u l a t e d  t h e  enzyme o n l y  when p r e s e n t  i n  

t h e  p r e i n c u b a t i o n  medium c o n t a i n i n g  HCO; and Mg". Buchanan and 

Schurmann ( 5 )  and Va te r  and Sal inkow ( 6 )  r e p o r t e d  a c t i v a t i o n  o f  

ca rboxy lase  a c t i v i t y  by f ructose-6-phosphate and 6-phosphogluconate. 

Evidence f o r  s t r u c t u r a l  changes i n  RUBPCase upon b i n d i n g  o f  

RUBPCase (EC 4.1.1.39) i s  known t o  be a l l o s t e r i c a l l y  

l i g a n d s  has been r e p o r t e d .  

o f  a c o n f o r m a t i o n a l  change i n  tobacco RUBPCase induced by t h e  

b i n d i n g  o f  RUBP which was r e c e n t l y  suppor ted by Greban ie r  e t  a l .  ( 8 ) .  

Kwok and Nildman ( 7 )  p r o v i d e d  ev idence 
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636 HUNER AND MILLER 

An HCO; + Mg2+ induced con fo rma t iona l  change i n  b o t h  hardy(RH) and 

non-hardy (RNH) forms o f  r y e  RUBPCase was r e p o r t e d  by Huner and 

Macdowall ( 9 )  and i s  i n  agreement w i t h  t h e  r e c e n t  r e p o r t  o f  

Grebanier  e t  a l .  ( 8 )  f o r  t h e  enzyme f rom pea s e e d l i n g  shoots .  

The s t r u c t u r a l  and c a t a l y t i c  p r o p e r t i e s  o f  r y e  RUBPCase have 

been shown t o  change upon c o l d - a d a p t a t i o n  (9,10,11 ,12,13). 

purpose o f  t h i s  s tudy  was t o  i n v e s t i g a t e  t h e  p o s s i b l e  use o f  t h e  

s p i n - l a b e l l i n g  techn ique  t o  m o n i t o r  con fo rma t iona l  changes i n  r y e  

RUBPCase w i t h  t h e  i n t e n t i o n  o f  e v e n t u a l l y  employ ing t h i s  techn ique  

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

p r e l i m i n a r y  account  o f  t h i s  work was presented elsewhere ( 1 4 ) .  

The 

A 

MATERIALS AND METHODS 

Rye (Secale c e r e a l e  L cv  Puma) was used th roughou t  t h i s  work 

as t h e  source o f  t h e  enzyme. 

and growth a t  co ld -ha rden ing  and non-cold-hardening temperatures 

were desc r ibed  p r e v i o u s l y  ( 1  0). 

Cond i t i ons  used f o r  ge rm ina t ion ,  

[14C]NaHC03 was o b t a i n e d  f rom New England Nuclear ,  and NEM, 

RUBP, and DTT f rom Sigma. SDS was f rom P i e r c e  Chemical Co. and 

t h e  s p i n - l a b e l ,  3-maleimido-2,2,5,5-tetramethyl-l-pyrrolidinyloxyl 

f rom Syva, Pa lo  A l t o .  Sephadex was f rom Pharmacia. 

RUBPCase was p u r i f i e d  by g e l  f i l t r a t i o n  on Sephadex G-100 

and 6-200 and f i n a l l y  sub jec ted  t o  i o n  exchange chromatography on 

DEAE Sephadex A50 as d e s c r i b e d  by Huner and Macdowall (12) .  

Bo th  forms o f  t h e  enzyme were HC03 + Mg2+ a c t i v a t e d  essen- 
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SPIN LABELING OF RUBP CARBOXYLASE. I 637 

t i a l l y  by t h e  method o f  Lo r imer  e t  a l .  ( 1 5 )  and desc r ibed  i n  

d e t a i l  elsewhere (9,131. 

Sp in - labe l  l e d  RUBPCase was prepared by d i s s o l v i n g  t h e  p u r i f i e d  

enzyme samples ( 1 0  t o  15 mg) i n  0.1 M phosphate b u f f e r  (pH 7.4)  

whereupon t h e  n i t r o x y l  s p i n - l a b e l  (20  mg/ml o f  95% e t h a n o l )  was 

added i n  10 ~1 a l i q u o t s  and s t i r r e d  immediate ly .  A f t e r  t h e  

r e q u i r e d  r a t i o  o f  l a b e l / p r o t e i n  had been a t t a i n e d ,  t h e  s o l u t i o n  

was incuba ted  f o r  30 min a t  23OC. The s o l u t i o n  was then  c e n t r i -  

fuged a t  10,000 xg  a t  4OC f o r  10  min and t h e  superna tan t  a p p l i e d  

t o  a Sephadex G-25 column e q u i l i b r a t e d  w i t h  0.1 M phosphate 

b u f f e r  (pH 7 .4)  a t  23OC. The l a b e l l e d  p r o t e i n  was e l u t e d  w i t h  

t h e  same b u f f e r ,  c o l l e c t e d ,  pooled and kep t  on i c e  u n t i l  used. 

The e n t i r e  l a b e l l i n g  procedure was performed i n  t h e  da rk .  

A l l  e s r  s p e c t r a  were ob ta ined  w i t h  a Var ian  E-3 spect rometer  

w i t h  a f i e l d  scan range o f  10 G and a scan t i m e  o f  16 min. 

p e r a t u r e  exper iments were performed w i t h i n  t h e  c a v i t y .  P r o t e i n  

was r o u t i n e l y  determined by t h e  method o f  Lowry _ _  e t  a l .  (16)  u s i n g  

bov ine  serum albumin as a s tandard.  

Tem- 

RESULTS 

The c a t a l y t i c  a c t i v i t y  o f  t h e  s p i n - l a b e l l e d  enzyme prepara-  

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

which would a l l o w  r e t e n t i o n  o f  c a t a l y t i c  a c t i v i t y  and a l l o s t e r i c  

p r o p e r t i e s .  The r e s u l t s  o f  F ig .  1 i n d i c a t e  t h a t  RH RUBPCase 

r e t a i n e d  t h e  a l l o s t e r i c  p r o p e r t y  o f  HC03 t Mg2+ a c t i v a t i o n  when 
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F i g u r e  1. 
a c t i v i t y  and s u b s t r a t e  a c t i v a t i o n .  The a c t i v i t y  o f  l a b e l l e d  (open 
symbols) and u n l a b e l l e d  enzyme ( c l o s e d  symbols) was t e s t e d  b e f o r e  
(squares)  and a f t e r  ( c i r c l e s )  HC05 t Mg2+ a c t i v a t i o n  as desc r ibed  
i n  M a t e r i a l s  and Methods. 

E f f e c t  o f  NEM s p i r i - l a b e l l i n g  o f  RH RUBPCase on enzyme 

l a b e l / p r o t e i n  ( f )  d i d  n o t  exceed 1/6. however, ca rboxy lase  a c t i -  

v i t y  was i n h i b i t e d  by about 20% under these c o n d i t i o n s .  S i m i l a r  

r e s u l t s  were ob ta ined  f o r  RNH RUBPCase except  t h a t  l a b e l / p r o t e i n  

cou ld  n o t  exceed 1/12 w i t h o u t  excess i ve  l o s s  o f  ca rboxy lase  

a c t i v i t y .  The enzyme t o l e r a t e d  i n c u b a t i o n  a t  low c o n c e n t r a t i o n s  

o f  u n l a b e l l e d  NEM f o r  u p  t o  2 h r .  w i t h o u t  s i g n i f i c a n t  a c t i v i t y  

l oss .  However, t h e  RNH form l o s t  a c t i v i t y  a t  c o n c e n t r a t i o n s  o f  

NEM g r e a t e r  t han  5 ~ 1 0 - ~  M w h i l e  t h e  RH form was p a r t i a l l y  i n a c t i -  

vated above M. 

Fig. 2 i l l u s t r a t e s  t h e  e f f e c t  o f  t h e  r a t i o  o f  p r o t e i n  t o  

l a b e l  on t h e  e s r  spectrum of t h e  NEM l a b e l .  Spectrum a i s  a 

t y p i c a l  3 l i n e  spectrum of a n i t r o x y l  f r e e  r a d i c a l  i n  aqueous 
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SPIN LABELING OF RUBP CARBOXYLASE. I 639 

FREE LABEL 

PROTEIN-BWND LABEL 

LABEL: PROTEIN 

F i g u r e  2. 
NEM s p i n - l a b e l .  ( a )  e s r  spectrum of t h e  n i t r o x y l  s p i n - l a b e l  i n  
0.1 M phosphate b u f f e r ,  pH 7.4. ( b )  e s r  spectrum ob ta ined  when 
t h e  l a b e l / p r o t e i n  was 1/28. ( c )  e s r  spectrum o b t a i n e d  when t h e  
l a b e l / p r o t e i n  was 1/6.  RH RUBPCase was used i n  t h i s  exper iment .  
Arrows r e p r e s e n t  t h e  low f i e l d  ( 1  and 2 )  and h i g h  f i e l d  ( 3  and 4 )  
components o f  t h e  s p e c t r a  a. 

E f f e c t  o f  p r o t e i n  c o n c e n t r a t i o n  on t h e  spectrum o f  t he  

s o l u t i o n  (17) .  Upon c o n j u g a t i o n  of t h e  s p i n - l a b e l  t o  RH RUBPCase 

( F i g .  3b), t h e r e  was an i nc rease  i n  t h e  l i n e  w i d t h s  o f  t h e  t h r e e  

peaks. When t h e  l a b e l  t o  p r o t e i n  r a t i o  was inc reased  f rom 1/28 

t o  1/6 ( F i g .  3c )  a more comp l i ca ted  spectrum emerged which con- 

t a i n e d  a d d i t i o n a l  l o w  f i e l d  (a r row 1 )  and h i g h  f i e l d  resonances 

(ar row 4) .  
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F i g u r e  3. E f f e c t  o f  SDS on t h e  spectrum o f  s p i n - l a b e l l e d  R H  
RUBPCase. The en.zyme was l a b e l l e d  such t h a t  t h e  l a b e l  t o  p r o t e i n  
was 1 / 6  as desc r ibed  i n  M a t e r i a l s  and Methods and then  incuba ted  
i n  t h e  absence ( a )  and presence ( b )  o f  14 SDS a t  23OC. 
rep resen t  low f i e l d  ( 1  and 2 )  and h i g h  f i e l d  ( 3  and 4 )  components 
o f  t h e  s p e c t r a .  

Arrows 

To t e s t  whether t h e  e s r  spectrum o f  t h e  s p i n - l a b e l l e d  RUBPCase 

was s e n s i t i v e  t o  s t r u c t u r a l  changes i n  t h e  enzyme, t h e  e f f e c t s  o f  

SDS were i n v e s t i g a t e d .  The r e s u l t s  i n  F ig .  3 show t h a t  b o t h  low 

(arrows 1 and 2 )  and h i g h  f i e l d  s i g n a l s  (ar rows 3 and 4 )  o f  t h e  

spectrum o f  s p i n  l a b e l l e d  R H  RUBPCase were d r a s t i c a l l y  a l t e r e d .  The 

i n t e n s i t y  o f  s i g n a l s  1 and 4 were d r a s t i c a l l y  reduced w h i l e  t h e  

l i n e  w i d t h  of s i g n a l s  2 and 3 became narrower  i n  t h e  presence o f  

1% SDS. Furthermore, t h e r e  was a s h i f t  i n  t h e  low f i e l d  peak 1 
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SPIN LABELING OF RUBP CARBOXYLASE. I 641 

w i t h  a concomi tant  s h i f t  i n  h i g h  f i e l d  peak 3. F ig .  3, spectrum 

b remained unchanged o v e r  a p e r i o d  o f  seve ra l  hours a t  25OC. 

The s t a b i l i t y  o f  s p i n - l a b e l l e d  RH and RNH RUBPCase was 

i n v e s t i g a t e d  a t  v a r i o u s  temperatures.  

spectrum was ob ta ined  w i t h  l i t t l e  o r  no  c o n t r i b u t i o n  f rom r a p i d l y  

t u m b l i n g  probe molecules.  F i g .  4 shows t h a t  t h e  e f f e c t s  o f  

f r e e z i n g  on t h e  spectrum o f  s p i n - l a b e l l e d  RNH RUBPCase were com- 

p l e t e l y  r e v e r s i b l e  on thawing. 

RH RUBPCase. Fur thermore,  t h e  spec t ra  o f  s p i n - l a b e l l e d  RH and 

RNH RUBPCase remained unchanged f o r  a t  l ease  8 h r  a t  23OC and 24 h r  

a t  4OC under  t h e  l a b e l l i n g  c o n d i t i o n s  desc r ibed  i n  M a t e r i a l s  and 

Methods. 

A t  -23OC, a r i g i d  l i m i t  

S i m i l a r  r e s u l t s  were ob ta ined  f o r  

A l though  t h e  p r o t e i n - c o n j u g a t e d  s p i n - l a b e l  was s t a b l e  i n  phos- 

pha te  b u f f e r  (pH 7.4), i t  was n o t  s t a b l e  a t  25OC i n  t h e  presence 

o f  0.1 11 T r i s  b u f f e r ( p H  8.6) and 1mM DTT. 

a t h i r d  component appeared i n  t h e  e s r  spectrum o f  b o t h  RH and RNH 

RUBPCase. The most conspicuous change occu r red  i n  t h e  h i g h  f i e l d  

s i g n a l  ( F i g .  5 ar row) w i t h  t h e  appearance o f  a new, narrow reso-  

nance wh ich  i nc reased  i n  i n t e n s i t y  w i t h  t ime.  As i n d i c a t e d  i n  

F i g .  6 (open c i r c l e s ) ,  t h e r e  was a l i n e a r  r e l a t i o n s h i p  between 

t h e  h e i g h t  ( h f - l )  o f  t h i s  h i g h  f i e l d  s i g n a l  and t h e  i n c u b a t i o n  

t i m e  a t  25OC. 

t h e  r a t e  o f  appearance o f  t h i s  new h i g h  f i e l d  peak (F ig .  6, 

c l o s e d  c i r c l e s ) .  

625, t h e  narrow component d isappeared.  

Under these  c o n d i t i o n s ,  

Furthermore, t h e  presence o f  HCO; and Mg2+ i n c r e a s e d  

A f t e r  passage o f  t h e  sample th rough  Sephadex 
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6 4 2  I N N E R  AND MILLER 

F i g u r e  4.  
s p i n - l a b e l l e d  RNH RUBPCase. The enzyme was l a b e l l e d  such t h a t  
l a b e l / p r o t e i n  was 1/12 as desc r ibed  i n  M a t e r i a l s  and Methods. 
( a )  spectrum o b t a i n e d  a t  + 2 5 O C ,  ( b )  spect rum o b t a i n e d  when same 
sample was f r o z e n  a t  -25OC. ( c )  spectrum ob ta ined  when t h e  same 
sample was rehea ted  t o  + 2 5 O C .  The exper iment  was performed 
w i t h i n  t h e  e s r  c a v i t y  and t h e  temperature mon i to red  w i t h  a t h e r m i s t o r  
l o c a t e d  w i t h i n  t h e  sample tube.  

E f f e c t  o f  f r e e z i n g  and thawing on t h e  e s r  spectrum o f  

D I S C U S S I O N  

Huner and Macdowall (13)  r e p o r t e d  t h a t  f r e e  SH groups were 

a s s o c i a t e d  w i t h  t h e  a c t i v e  s i t e  o f  r y e  RUBPCase. 

i n d i c a t e d  t h a t  RH and RNH RUBPCase c a t a l y t i c  a c t i v i t i e s  were 

Our r e s u l t s  
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SPIN-LABELING OF RUBP CARBUXYLASE. I 6 4 3  

I 
i 
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' I 4  

Figure 5. Instability of the spin-labelled RUBPCase at 25OC. RHN 
RUBPCase was labelled such that the label/protein was 1/12 as des- 
cribed in Materials and Methods. The labelled protein was subjected 
to gel filtration through Sephadex 25 equilibrated with 0.1 M Tris 
buffer (pH 8.6) containing 1 mM DTT at 23OC. Labelled protein samples 
were collected, pooled and immediately put on ice. The spectra were 
obtained after the following incubation times at 25OC: (a) 0 (b) 15 
(c) 23 (d) 45  (e) 65 (f) 120 min. Arrow represents the high field 
resonance of 8 third spectral component. 
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1 2 0  

1 0 0  

80 

6 0  

4 0  

0 2 0  4 0  6 0  8 0  1 0 0  1 2 0  1 4 0  

T I M E  a t  25'C [min l  

F i g u r e  6.  P l o t  o f  t h e  i nc rease  i n  peak h e i g h t  (h f t l )  o f  t h e  h i g h  
f i e l d  peak (a r row i n  F i g .  5 )  w i t h  t ime .  
f rom t h e  s p e c t r a  presented i n  F ig .  5.  Cond i t i ons  a r e  t h e  same as 
those desc r ibed  i n  F i g .  5. ( 0 ) :  Cond i t i ons  f o r  s p i n - l a b e l l i n g  a r e  
i d e n t i c a l  t o  those  f o r  F ig .  5 excep t  t h a t  t h e  l a b e l l e d  enzyme was 
f u l l y  a c t i v a t e d  i n  t h e  presence o f  0.1 H T r i s  b u f f e r  (pH 8.6) con- 
t a i n i n g  10 ml.1 NaHC03, 20 ml4 MgS04 and 1 mM DTT. E s r  s p e c t r a  were 
ob ta ined  a f t e r  t h e  f o l l o w i n g  i n c u b a t i o n  t imes a t  25OC: 0, 23, 45, 
100, and 130 min. 

(0 ) :Resu l t s  ob ta ined  

s e n s i t i v e  t o  NEM, above 0.1 mM and 0.05 mM, r e s p e c t i v e l y ,  a 

p o t e n t  SH reagent .  T h i s  i s  c o n s i s t e n t  w i t h  e a r l i e r  r e p o r t s  by 

Trown -- e t  a l .  (181, Sugiyama _ _  e t  a l .  (19,201 and Takabe and Akazawa 

( 2 1 )  t h a t  t h e  a c t i v i t y  o f  RUBPCase f rom o t h e r  p l a n t  and b a c t e r i a l  

sources were i n h i b i t e d  by s u l f h y d r y l  reagents.  
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A t  c o n c e n t r a t i o n s  o f  t h e  NEM s p i n - l a b e l  which produced t h e  2 

component spectrum b u t  a l l o w e d  r e t e n t i o n  o f  80% o f  ca rboxy lase  

a c t i v i t y  and o f  a l l o s t e r i c  e f f e c t s  o f  HCO;, s p i n  l a b e l l e d  RH and 

RNH RUBPCase were v i r t u a l l y  i d e n t i c a l  and e s r  spec t ra  were composed 

of two o v e r l a p p i n g  components; a weakly immob i l i zed  spectrum 

( F i g .  3, scan c, arrows 2 and 3)  and a s t r o n g l y  i m n o b i l i z e d  spec- 

t rum ( F i g .  2, scan c, ar rows 1 and 4 ) .  

components i s  c o n s i s t e n t  w i t h  t h e  work o f  C o r n e l l  and Kaplan 

( 2 2 , 2 3 )  f o r  NEM s p i n - l a b e l l i n g  o f  bov ine  serum albumin and H ida lgo  

and Thomas ( 2 4 )  who s t u d i e d  s p i n - l a b e l l i n g  o f  SH groups o f  p r o t e i n s  

i n  t h e  sarcoplasmic r e t i c u l u m .  Furthermore, t h e  p r o t e i n  concen- 

t ra t i on -dependence  o f  t h e  two component spectrum i s  c o n s i s t e n t  

w i t h  t h e  p r e v i o u s  work o f  Huner and Macdowall ( 9 )  who showed t h a t  

t h e r e  were a t  l e a s t  two p o p u l a t i o n s  o f  f r e e  SH groups p r e s e n t  i n  

RH and RNH RUBPCase based on t h e i r  r e a c t i v i t y  t o  DTNB; one was 

r e a d i l y  a c c e s s i b l e ,  and t h e  o t h e r  l e s s  a c c e s s i b l e  t o  t h i s  reagen t .  

The e s r  s p e c t r a  p resen ted  i n  t h i s  r e p o r t  suppor t  t h e  t h e s i s  t h a t  

t h e  more r e a c t i v e  SH groups o f  r y e  RUBPCase a r e  i n  an env i ronment  

r e l a t i v e l y  f r e e  o f  s t e r i c  h ind rance  as i n d i c a t e d  by t h e  weakly 

i m n o b i l i z e d  s i g n a l ,  whereas t h e  s l o w l y  r e a c t i n g  SH groups a r e  

b u r i e d  and r e s u l t  i n  t h e  presence o f  t h e  h i g h l y  i m n o b i l i z e d  spec- 

t r a l  component. No c a t a l y t i c  a c t i v i t y  was l o s t  when t h e  f i r s t  

t y p e  of -SH groups were c o v a l e n t l y  bound t o  male imide d e r i v a t i v e s .  

Carboxy lase a c t i v i t y  was adve rse l y  a f f e c t e d  when t h e  second 

ca tegory  reac ted .  

The presence o f  2 s p e c t r a l  
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HUNER AND MILLER 646  

The NEM s p i n - l a b e l  bound t o  t h e  enzyme appeared t o  be u n s t a b l e  

under c o n d i t i o n s  n o r m a l l y  employed f o r  HCO; t Mg2+ a c t i v a t i o n  

( F i g .  5 and 6 ) .  S ince t h e  a d d i t i o n a l  s p e c t r a l  componerit d isappeared 

upon g e l  f i l t r a t i o n ,  we conclude t h a t  t h i s  new component was due 

t o  t h e  presence o f  f r e e  l a b e l  hyd ro l yzed  f rom t h e  p r o t e i n .  

The e f f e c t  o f  SDS on t h e  spect  

enzyme ( F i g .  3 b )  i n d i c a t e d  t h a t  t h  

t o  t h e  known c s t r u c t u r a l  changes i n  

d i s s o c i a t i o n  o f  r y e  RUBPCase by SDS 

um o f  t h e  NEM s p i n - l a b e l l e d  

s techn ique  i s  indeed s e n s i t i v e  

r y e  RUBPCase (9,12). Upon 

the  i n t e n s i t y  o f  t h e  h i g h l y  

immob i l i zed  component decreased w i t h  a concomi tant  i nc rease  i n  

t h e  i n t e n s i t y  o f  t h e  weakly i m n o b i l i z e d  spectrum. We i n t e r p r e t  

t h i s  as be ing due an i n c r e a s e  i n  t h e  r a t e  o f  t u m b l i n g  o f  t h e  s p i n  

l a b e l  bound t o  p r e v i o u s l y  b u r i e d  SH groups upon d i s s o c i a t i o n  and 

u n f o l d i n g  o f  t h e  n a t i v e  enzyme s t r u c t u r e .  T h i s  i s  suppor ted by 

t h e  p rev ious  r e s u l t s  o f  SH t i t r a t i o n  o f  RH and RNH RUBPCase w i t h  

DTNB i n  t h e  presence o f  SDS ( 2 ) .  

That  t h i s  change i n  t h e  spectrum was n o t  due t o  h y d r o l y s i s  

o f  t h e  s p i n - l a b e l  can be judged by t h e  f o l l o w i n g  c r i t e r i a :  ( 1 )  

t h e  spectrum observed i n  t h e  presence o f  SDS was ob ta ined  w i t h  

t h e  p r o t e i n  i n  0 .1  M phosphate b u f f e r  (pH 7.4),  t h e  medium i n  

which t h e  bound s p i n - l a b e l  was s t a b l e  ( 2 )  t h e  spectrum ob ta ined  

i n  the  presence o f  SDS d i d  n o t  change w i t h  t i m e  a t  2 5 O C  ( 3 )  a 

t h i r d  component co r resond ing  t o  f ree  s p i n - l a b e l  was n o t  observed 

i n  t h e  presence o f  SDS ( 4 )  and s i g n i f i c a n t  changes i n  t h e  l ow  

f i e l d  and h i g h  f i e l d  l i n e s  o f  t h e  h i g h l y  immob i l i zed  component o f  
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SPIN LABELING OF RUBP CARBOXYLASE. I 647 

t h e  spectrum were observed i n  t h e  presence o f  SDS i n  c o n t r a s t  t o  

t h e  spec t ra  ob ta ined  under c o n d i t i o n s  which r e s u l t e d  i n  h y d r o l y s i s  

o f  t h e  s p i n - l a b e l .  

I n  conc lus ion ,  t h e  r e s u l t s  presented i n  t h i s  r e p o r t  i n d i c a t e  

t h a t ,  under p roper  c o n d i t i o n s ,  s p i n - l a b e l l i n g  o f  r y e  RUBPCase may 

be employed f o r  t h e  s tudy  o f  con fo rma t iona l  changes i n  t h i s  

impor tan t ,  p h o t s y n t h e t i c  enzyme. 
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FOOTNOTES 

' I ssued  as Chemist ry  and B i o l o g y  Research I n s t i t u t e  C o n t r i b u t i o n  

No. 1143 

'Present address: Lab. o f  F r o s t  Hardiness, Dept. Hor t .  Sc i . ,  

Univ .  o f  Minnesota, S t .  Paul MN 55108. 

3 A b b r e v i a t i o n s :  RUBPCase, r i b u l o s e  b isphosphate ca rboxy lase -  

oxygenase; RH, cold-hardened rye ;  RNH, non-cold-hardened r y e ;  NEM, 

N-ethy lmale imide;  DTNB, 5,5-di t h i o b i s  ( 2 - n i t r o b e n z o i c  a c i d ) ;  DTT, 

d i t h i o t h r e i t o l ,  SDS, sodium dodecyl s u l f a t e ;  PGA, phosphog lyce r i c  

a c i d ;  NADPH, n i c o t i n a m i d e  adenine d i n u c l e o t i d e  phosphate; e s r ,  

e l e c t r o n  s p i n  resonance. 
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