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IN VIVO ABSORPTION MEASUREMENT OF INTACT LEAVES — A SIMPLE AND USEFUL 
METHOD TO STUDY CHLOROPHYLL MUTANTS 

Schwarz, H. P. 
I n s t i t u t e of G e n e t i c s , U n i v e r s i t y of Bonn, Federal Republ ic of Germany 

The applicability and usefulness of in vivo absorption measurement 
o f i n t a c t l e a v e s w e r e t e s t e d u s i n g two c h l o r o p h y l l mutants f rom D r . 
Go t t scha lk ' s c o l l e c t i o n i n comparison w i t h the i n i t i a l l i n e ( I L ) ' D i p p e s 
Gelbe V i k t o r i a ' . Mutant 1206 A l acks c h l o r o p h y l l b and has o n l y 50% as 
much c h l o r o p h y l l a a s t h e I L . M u t a n t 2 9 i s d e f i c i e n t i n b o t h 
ch lo rophy l l a and c h l o r o p h y l l b, having o n l y 40% and 23% of t h e m o t h e r 
v a r i e t y , r e s p e c t i v e l y . 

The opal g l a s s method o f Shibata ( 1 ) minimizes t h e s c a t t e r i n g e r ­
rors that occur when I n t a c t l e a v e s a r e i r r a d i a t e d b y l i g h t . I n t h i s 
study, s t r i p s o f opal p l a s t i c ma t e r i a l ( p e r s p e x ) w e r e used i n s t e a d o f 
opal g l a s s . The p lan t m a t e r i a l — whole e t i o l a t e d l e a v e s o r p i e c e s o f 
green l e a v e s — were a f f i x e d to the p l a s t i c s t r i p s by t r a n s p a r e n t a d ­
hes ive tape . In v i v o a b s o r p t i o n s p e c t r a w e r e measured in a Beckman 
model 25 spectrophotometer . Depending on the absorp t ion of t h e l e a v e s , 
one or two s t r i p s of opal perspex were placed i n t o the spec t rophotometer 
to se rve as r e fe rence and a l s o to reduce l i g h t i n t e n s i t y . The p l a s t i c 
s t r i p s themselves do not e x h i b i t a b s o r p t i o n , as i n d i c a t e d by t h e ba se 
l i n e (do t ted l i n e , F i g . 1 b - d ) . 

I n F i g . 1 , i n v i v o a b s o r p t i o n c u r v e s o f mutants and t h e i n i t i a l 
l i n e are compared w i t h t he a b s o r p t i o n o f c h l o r o p h y l l a e x t r a c t e d by 
acetone a f t e r separa t ion by th in l a y e r chromatography. The a b s o r p t i o n 
maxima of in v i v o spec t ra are s i tua ted at 678 nm wavelength , in c o n t r a s t 
to 663 nm of c h l o r o p h y l l a d i s s o l v e d and measured in a c e t o n e . T h i s 
spect ra l s h i f t of the absorp t ion maxima is caused by the i n t e r a c t i o n of 
the c h l o r o p h y l l molecules w i th t h e i r p r o t e i n par t s i n t h e c h l o r o p h y l l -
p ro te in complexes i n t e g r a t e d i n the thy lako ids o f i n t a c t c h l o r o p l a s t s . 
Apart from the d i f f e r e n t absorp t ion maxima, the in v i v o spectrum of t h e 
c h l o r o p h y l l b - l e s s m u t a n t 1206 A ( F i g . 1 b ) e x h i b i t e d t h e same 
spect rophotometr ic p r o p e r t i e s a s c h l o r o p h y l l a ( F i g . 1 a ) , i . e . c h a r a c ­
t e r i z e d by the c l e a r l y v i s i b l e minor band of c h l o r o p h y l l a at 62 5 nm in 
the in v i v o spectrum corresponding to 620 nm in the acetone spectrum. 

The d i s t i n c t minor peak at 625 nm d i s a p p e a r s in t h e s p e c t r a of 
mutant 29 and the i n i t i a l l i n e . This phenomenon can be exp la ined by the 
presence of c h l o r o p h y l l b in the l e a v e s of these geno types . Because of 
the h igher c h l o r o p o h y l l b content of the mother v a r i e t y ( c h l o r o p h y l l a/b 
r a t i o : IL = 3 . 5 : 1 , mutant 29 = 6 . 1 : 1 ) , a shoulder at 654 nm is produced 
in the in v i v o spectrum ( F i g . 1 d ) . Thus, t h i s s i m p l e and r a p i d method 
.seems to be very useful in d i s t i n g u i s h i n g mutants l a c k i n g c h l o r o p h y l l b 
from other c h l o r o p h y l l d e f i c i e n t g e n o t y p e s a c c o r d i n g t o t h e i r c h a r a c ­
t e r i s t i c absorp t ion curves . 
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F i g . 1 . I n v i v o a b s o r p t i o n s p e c t r a o f i n t a c t g r e e n l e a v e s r e c o r d e d a t 
room temperature compared w i t h the absorp t ion of c h l o r o p h y l l a 
d i s s o l v e d i n a c e t o n e . 

The in vivo absorption method also allows one to obtain information 
about i n t a c t c h l o r o p h y l l b i o s y n t h e s i s . E t i o l a t e d l e a v e s o f h i g h e r 
p l an t s accumulate p r o t o c h l o r o p h y l l i d e i n the dark, which i s r e d u c e d t o 
c h l o r o p h y l l i d e b y l i g h t t r e a t m e n t o n l y . A s shown i n F i g . 2 a , 
p r o t o c h l o r o p h y l l i d e i s d e t e c t a b l e in e t i o l a t e d l e a v e s o f mutant 1 206 A 
b y t h e a b s o r p t i o n maximum a t 650 nm. The p h o t o r e d u c t i o n o f 
p r o t o c h l o r o p h y l l i d e t o c h l o r o p h y l l i d e induced b y b r i e f i r r a d i a t i o n w i t h 
w h i t e l i g h t (1 min, incandescent l i g h t , 100 W, 2500 l u x ) was e v i d e n c e d 
by the decrease of the abso rp t i on at 650 nm and by a s p e c t r a l s h i f t of 
the a b s o r p t i o n maximum from 650 nm to 680 nm. In the dark f o l l o w i n g the 
l i g h t pu l se , a second s h i f t ( t h e Shibata s h i f t ) occur red , moving the ab­
s o r p t i o n maximum back t o 672 nm. A f t e r t h e S h i b a t a s h i f t , t h e 
a b s o r p t i o n a t 672 n m i n c r e a s e d , i n d i c a t i n g a n a c c u m u l a t i o n o f 
c h l o r o p h y l l f o r a l i m i t e d t ime . About 60 minutes a f t e r the l i g h t t reat -
ment , p r o t o c h l o r o p h y l l i d e i s d e t e c t a b l e a g a i n i n t h e d a r k l e a v e s 
( F i g . 2a, a r r o w ) . 
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Mutant 29 and the i n i t i a l l i n e show t h e same s p e c t r o p h o t o m e t r i c 
p r o p e r t i e s o f e t i o l a t e d l e a v e s as mutant 1206 A. The i n c r e a s e o f t h e 
absorp t ion a t 672 nm a f t e r the Shibata s h i f t i s s i m i l a r f o r t h e IL and 
mutant 1206A. However, i n mutant 29 the inc rease i s s l o w e r ( F i g . 2 b ) . 
These i n v i v o absorp t ion measurements s u g g e s t t h a t t h e f i r s t s t e p s o f 
c h l o r o p h y l l b i o s y n t h e s i s a re not t o t a l l y b locked in the mutants. 
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