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SUMMARY 

Optimum conditions were determined for the retention of protein nitrogen and 
chlorophyll in isolated spinach chloroplasts. Chloroplasts isolated in buffered o.3 M 
sucrose remain intact if maintained at high concentration or if treated with I-IOTO 
glutaraldehyde for 5 min. EDTA in the isolation medium was not bound or adsorbed to 
any extent  to chloroplasts during isolation. Large nitrogen losses occurred when the 
chloroplasts were diluted in sucrose buffer. Virtually all the nitrogen of concentrated 
chloroplast preparations could be precipitated by 8o To acetone. 

INTRODUCTION 

Methods for the isolation of chloroplasts in aqueous media result in the loss of 
water-soluble protein 1, 2 while nonaqueous isolation media extract the chlorophyll of 
chloroplasts and make their microscopic identification difficult. However, aqueous iso- 
lation procedures have been improved since SPENCER AND WILDMAN 8 observed highly 
refractile chloroplasts and expanded chloroplasts with visible grana in conventional 
chloroplast suspensions. LEECH 4 has recently separated these two types of chloroplasts 
on a gradient and found that  the refractile chloroplasts are intact while the expanded 
chloroplasts have lost their outer membrane and stroma. She established that the 
protein to chlorophyll ratio of the expanded chloroplasts was much lower than that  
of intact chloroplasts. Subsequently she reported two types of expanded chloroplasts, 
both types being characterized by having lost their outer membranes but one type 
differing from the other in having retained its stroma ~. 

This paper reports experiments undertaken to determine optimum conditions 
for the retention of nitrogen and chlorophyll in spinach chloroplasts during isolation. 

MATERIALS AND METHODS 

Plant material 
Spinach plants were grown as previously described 6. Plants were harvested 

14-21 days after being transferred to nutrient cultures. 

Chloroplast isolation 
Leaf tissue (5 g) was sliced with razor blades in IO ml of isolation medium (0.3 M 

sucrose-o.o5 M potassium phosphate buffer-o.oi M EDTA (pH 8.5)) as described by 
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SPENCER AND WILDMAN 3. The homogenate was filtered through 4 layers of fine cloth to 
remove the cell debris and the filtrate centrifuged at IOOO X g for 5 min at 4 ° to sedi- 
ment  the chloroplasts. The residue was suspended in 2 ml of suspension medium (0.3 M 
sucrose-o.o 5 M potassium phosphate buffer (pH 7.3)) and recentrifuged. The residue 
was suspended in 2 ml of suspension medium. 

Nitrogen precipitation from a chloroplast suspension by 80 % acetone 
Aliquots (o.i ml) of chloroplast suspension were diluted to a range of volumes 

with acetone (final acetone concn. 8o%). The suspensions were centrifuged at IO ooo 
X g for IO min at 4 °. The residue was suspended in 3 ml of 8o% acetone and recentri- 
fuged at IO ooo X g for IO min. 

Nitrogen fixation by glutaraldehyde 
Chloroplasts were isolated from 30 g of leaf tissue in 60 ml of isolation medium, 

filtered and divided into Io-ml aliquots. The aliquots were diluted with continuous 
stirring to 20 ml with solutions of glutaraldehyde to final concns, of o, o.oi, o.I, I.O 
and IO % glutaraldehyde. 

The suspensions were immediately centrifuged at IOOO X g for 5 min. The resi- 
dues were washed by suspending in 2.5 ml water and centrifuging at 30 ooo X g for IO 
rain 3 times. 

Chemical analyses 
Chlorophyll was measured spectrophotometrically 7. Nitrogen was measured by 

Markham distillation after acid digestion. 

RESULTS 

Nitrogen precipitated by 80 % acetone 
The proportion of the total  nitrogen precipitated by 8o% acetone is dependent 

on the concentration of the chloroplast suspension in the acetone (Table I). 

Effect of EDTA on the nitrogen to chlorophyll ratio of the chloroplasts 
In replicated experiments it was shown that  the nitrogen to chlorophyll ratio 

was not changed by the omission of EDTA from the isolation medium indicating that  
EDTA, which is rich in nitrogen, was not bound to any extent to the chloroplasts. 

Nitrogen fixation by glutaraldehyde 
The effect of a range of glutaraldehyde concentrations on the loss of nitrogen and 

chlorophyll from chloroplast suspensions in two separate experiments is shown in 
Table II .  Untreated chloroplasts suspended in water disrupted, necessitating high- 
speed centrifugation to sediment the fragments. Chloroplasts treated with o.o1% 
glutaraldehyde and suspended once in water  were sedimented at IOOO X g but on 
subsequent suspension in water they fragmented and behaved as untreated chloro- 
plasts and required high-speed centrifugation to sediment the fragments. Similar large 
quantities of nitrogen were lost from chloroplasts treated with o.oi % glutaraldehyde. 
The amounts of chlorophyll that  were lost from these plastids was much less so that  
the nitrogen to chlorophyll ratio of the chloroplasts was approximately half the initial 
ratio. Chloroplasts treated with o . I - IO % glutaraldehyde and suspended once in water  
were identical in appearance to the original chloroplast preparation when examined at 
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magnifications of 125 ° × with phase-contrast objectives. These chloroplasts were sedi- 
mented by low-speed centrifugation after subsequent suspensions in water. Chloro- 
plasts treated with I.O and lO% concentrations of glutaraldehyde lost similar and 
small proportions of both their nitrogen and chlorophyll so that their final nitrogen to 
chlorophyll ratio was similar to the initial value. 

Effect of chloroplast dilution on chlorophyll loss 
When chloroplast suspensions were prepared as described and kept at 4 ° the 

chloroplasts remained intact for several days. If, however, the chloroplast suspensions 
were diluted Io-fold with suspension medium large numbers of fragments could be 
observed after 3 h. Addition of I mg per ml of bovine serum albumin reduced the rate 
of fragmentation. The effect of dilution of chloroplast suspensions in buffered 0. 3 M 
sucrose on chlorophyll loss is shown in Table III.  After dilution the suspensions were 
centrifuged at low speed so that any chloroplasts disrupted on dilution would not be 
sedimented. Dilutions of I :IO or greater resulted in the loss of chlorophyll. Continued 
resuspension and recentrifugation of chloroplasts diluted 1:12 resulted in a larger loss 
of nitrogen than chlorophyll (Table IV) so that the final nitrogen to chlorophyll ratio 
was half the initial ratio and was the same at pH 7.3 and 8.5. Glutaraldehyde treat- 
ment prevented the loss of nitrogen from the diluted suspension and the final nitrogen 
to chlorophyll ratio of the glutaraldehyde-treated suspension was the same as the ini- 
tial pellet. 

DISCUSSION 

It is considered that the nitrogenous compounds of chloroplasts precipitated by 
80 % acetone (Table I) would be largely composed of protein 1. Spinach chloroplasts are 
able to synthesize proteins s hence amino acids would be expected in chloroplast prepa- 
rations. Failure to detect the small molecular weight nitrogenous compounds in the 
chloroplast preparation may be due to their low concentration or to their rapid removal 
during chloroplast isolation. Although the possibility exists that small molecular weight 
nitrogenous compounds were bound during isolation the main nitrogenous compound 
in the isolation medium (EDTA) was shown to have no effect on the nitrogen to chlo- 
rophyll ratio of the final chloroplast pellet. 

Chloroplasts suspended in water swell and disrupt, resulting in chloroplast frag- 
ments which were only sedimented by high-speed centrifugation. All the chlorophyll 
was sedimented with the water-insoluble fraction and the nitrogen to chlorophyll ratio 
of this fraction was half that of the original chloroplast suspension (Table II). Half the 
Chloroplast protein was therefore water soluble. It  is of interest that HEBER AND 
TYSKIEWICZ 9 who used nonaqueous isolation methods to retain all the chloroplast pro- 
tein observed a similar ratio of water-soluble to water-insoluble protein in spinach 
chloroplasts. 

The nitrogen to chlorophyll ratio of chloroplasts treated with I-IO % glutaralde- 
hyde was not altered by suspension in water (Tables II and IV). Glutaraldehyde is 
known to produce fixation of protein in situ 1°. 

Chloroplasts suspended in aqueous media retain the water-soluble protein frac- 
tion if isolated by gentle procedures and kept at high concentration (greater than 5 ° 
/~g chlorophyll per ml but preferably 500/~g chlorophyll per ml) or if fixed for 5 nfin 
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with concentrations of 1-/o% glutaraldehyde. We consider that with these precau- 
tions aqueous media can be used to prepare chloroplast suspensions for measurements 
of both the chlorophyll and nitrogen content of chloroplasts. 
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