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SOLUBLE NITROGEN BY SPINACH CHLOROPLASTS IN AQUEOUS MEDIA

D. E. BOTTRILL anp J. V. POSSINGHAM
C.S5.1.R.0., Division of Horticultural Research, Private Bag 1, Glen Osmond, 5064, S. A. (Australia)
(Received March 17th, 1969)

SUMMARY

Optimum conditions were determined for the retention of protein nitrogen and
chlorophyll in isolated spinach chloroplasts. Chloroplasts isolated in buffered 0.3 M
sucrose remain intact if maintained at high concentration or if treated with 1-109,
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 80 % acetone.

INTRODUCTION

Methods for the isolation of chloroplasts in aqueous media result in the loss of
water-soluble protein'-? 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? observed highly
refractile chloroplasts and expanded chloroplasts with visible grana in conventional
chloroplast suspensions. LEECH? 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 stroma5.

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 matertal
Spinach plants were grown as previously described®. Plants were harvested
14-21 days after being transferred to nutrient cultures.

Chloroplast isolation
Leaf tissue (5 g) was sliced with razor blades in 10 ml of isolation medium (0.3 M
sucrose-0.05 M potassium phosphate buffer-o0.0o1 M EDTA (pH 8.5)) as described by
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SPENCER AND WILDMANS. The homogenate was filtered through 4 layers of fine cloth to
remove the cell debris and the filtrate centrifuged at 1000 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-0.05 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 809, acetone

Aliquots (0.1 ml) of chloroplast suspension were diluted to a range of volumes
with acetone (final acetone concn. 809%,). The suspensions were centrifuged at 10000
X g for 10 min at 4°. The residue was suspended in 3 ml of 809, acetone and recentri-
fuged at 10 000 X g for 10 min.

Nitrogen fixation by glutaraldehyde

Chloroplasts were isolated from 30 g of leaf tissue in 60 ml of isolation medium,
filtered and divided into 10-ml aliquots. The aliquots were diluted with continuous
stirring to 20 ml with solutions of glutaraldehyde to final concns. of o, 0.01, 0.1, 1.0
and 10% glutaraldehyde.

The suspensions were immediately centrifuged at 1000 X g for 5 min. The resi-
dues were washed by suspending in 2.5 ml water and centrifuging at 30000 X g for 10
min 3 times.

Chemical analyses
Chlorophyll was measured spectrophotometrically’. Nitrogen was measured by
Markham distillation after acid digestion.

RESULTS

Nitrogen precipitated by 8o %, acetone
The proportion of the total nitrogen precipitated by 809, acetone is dependent
on the concentration of the chloroplast suspension in the acetone (Table I).

Effect of EDTA on the witrogen 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 0.019
glutaraldehyde and suspended once in water were sedimented at 1000 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 0.01%, 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 0.1-109%, glutaraldehyde and suspended once in water
were identical in appearance to the original chloroplast preparation when examined at

Biochim. Biophys. Acta, 189 (1969) 74-79



D. E. BOTTRILL, J.V. POSSINGHAM

76

891 g€z 8981 9491 fo1rx g¥g  suorsuadsns
pojn[rp-uou
JO soneA [EI}IUT

38 18 Lg 9l ol'1 11'2 LE€91 LSE1 S96 tog 00°01
06 6g rg -7 191 9z'¢ 891 Q6% 1 g26 199 00'I
gl og €9 96 09'1 Y91 €ob1 GEEx S16 9Ig o1'o
139 LS 06 €6 00'1 12°1 Lg6 266 686 z6L 100
g€ 19 68 001 zl'0 12°1 QoL Lzo1 6.6 16g [

z I z I z I z I z I suoisusgsns

(x 1) pampzp

(1o273m2 9,) (1p1paus %) ~uouos 1115 1ouyf fo oyvs (8n) (8n) 94 UL “UIUOI

uadospiu puLg

114y doaorys pur.g 114y doaopys op uafosuN a1gumvs 1ad uaSosgru purg -wws 494 jIAydosopys ury  apAyopivings

‘syuowaInsEaw 93ed1[dal z Jo weowr oY) si onjea yoey ‘sjuowriadxs ojyeredos z 10y uaald ore senfep

NHDOULIN LSVIdOUOTHD A0 NOIINALHY NO SNOILVIINHEONOD HFAAHHAATIVAVINTD 40 LOHAAH

II 9 1dVL

Sg 619 8 z°0

98 6zg 4 z0

z6 vgg € z0

S6 {06 z zo

zo1 zg6 1 zo

o001 996 z'0 z0
(uotsuadsns fo (1m)
uafoapiu wipur %) (8n) UOISUIGSNS
pawngroaad PUIUMLPIS (yue) amngon 1sv1do01ya
uadospru w0 UIT0AIN UOISUIFSNG Jo awmngo 4

‘sayeoidaa Jo ueow oy} sjussardor anea yoesy

ANOLADV axuow A9 NOISNAASNS LSYIdOYOTHD V WOV AHALVIIdIDOHId NADOALIN

I d1dV.L

Biochim. Biophys. Acta, 189 (1969) 74-79



77

RETENTION OF WATER-SOLUBLE NITROGEN BY CHLOROPLASTS

*§ X ooor je poyepdiodld
‘utw o1 10§ apAydpreren]d % € ul paxIg

L6 £g 1z°2 oz Str 2111 UOTINYIP ¢ I9jem Ul sowny ¥ pepuadsns jorjad pue | poxy 93eUSSOWOH
oS €9 11 Sg1 144 z1:1 wonnyp ¢ (€4 d) wnipow uotsuadsns ur sown ¥ papuadsns 39194
]Y oL 0TI 091 €€1 z1:1 uonnpip ¢ (§'g 1yd) wnipow uoryeost w1 sowrry ¥ papuadsns 3919d
001 001 06°1 1€€ vl jor1ed reryuy
191194 (ot
(%) (ourws %) u1 04v4 (an) (an)

uafoagu
1outd

nAydosopys  pAYgosoryo
pur] 01 uadoapuN

w1154 1owyf 131194 pouy ur
ur uadoanrN  j14ydosopy)

TUIUWGDI4

S1SVIJOYOTIHD HOVNIAS 40 SNOISNAJISNS ALNTIA WOJYA SSOT NHDOAULIN ANV TIAHdOYOTHD

Al A19VL
{5 £ anfea [eruy
t9 145 00I:1I
<g 9oz of:1
S8 9oz oz:1
€6 lee o1:1
66 6€c G1
o1 1Sz (281
ool %4 44 11
001 e o:1
(an)
(o1 %) a1dmws aad
114y dosorya 116y dosorys ouv4

mwutg

%1 uounpIq

SNOISNAISAS ISVIJONOTHD WOIA SSOT TIAHdOYOTHD NO NOILLATIA 40 1DHAAH

111 419V

Biochim. Biophys. Acta, 189 (1969) 74—79



78 D. E. BOTTRILL, J.V. POSSINGHAM

magnifications of 1250 X with phase-contrast objectives. These chloroplasts were sedi-
mented by low-speed centrifugation after subsequent suspensions in water. Chloro-
plasts treated with 1.0 and 10% 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 10-fold with suspension medium large numbers of fragments could be
observed after 3 h. Addition of 1 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 1:10 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
809, acetone (Table I) would be largely composed of protein!. Spinach chloroplasts are
able to synthesize proteins® 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? 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 1-109, glutaralde-
hyde was not altered by suspension in water (Tables II and IV). Glutaraldehyde is
known to produce fixation of protein ¢n siful°.

Chloroplasts suspended in aqueous media retain the water-soluble protein frac-
tion if isolated by gentle procedures and kept at high concentration (greater than 50
g chlorophyll per ml but preferably 500 pug chlorophyll per ml) or if fixed for 5 min
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with concentrations of 1-t0% 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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