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Isolated chloroplasts manifest structural chauges upon illumination as 

measured by 90’ light-scattering or absorbancy (1,2,3). These effects produced 

by actinic light have been correlated with volume changes by Itoh, Iaawa, and 

Shibata (k), and others (5,6) in spinach chloroplasts. Osmotic volume changes 

of spinach chloroplasts In vitro have also been observed by Nishida (7). It -- 
has also been observed that chloroplast membrane fragments (8) and chromatophore 

preparations from Rhodosnlrillum rubrum show light-scattering changes similar to 

those seen for whole chloroplasts (9). These observations suggested that membrane 

fraeplents may also possess the ability to undergo volume changes, and that such 

phencmena may collectively account for the observed volume changes of intact 

chloroplasts. Hence an lnvestlgatlon was made to determine whether fragments 

of chloroplast membranes can undergo volume changes by osmotic and light-induced 

mechanisms. 

METHODS 

Prenaratlon of membrane fragments - Chloroplasts were isolated fram washed 

spinach leaf material in NaCl (175 a&l) and Trls-HCl (50 a&f, pIi 8), and fragments 

prepared by sonication of suspensions for 20 set at 20 kc/see. Fragments of 

different size classes were separated by differential centrifugation for 10 

minutes at 5-10,000 x g, lO-20,000 x g or 20-40,000 x g. These fractions were 

resuspended in the isolation medium and then passed through a 0.8 ~1 millipore 

filter to eliminate large particles. 

Osmotic volume measurements - Osmotic properties were examined by packed 

volume, packed wet mass, and absorbancy measurements under the general conditions 

indicated below with the specific details given with the individual experiments. 

Packed volume was measured after centrifugation of.8 suspension of fraepacnts for 

1 hr at 13,000 x g in a centrifuge adapted for capillary tubes. Packed wet mass 
determinations for the 3-10,OCO x g fraction were made by weighing pellets 

obtained by centrifugation for 30 min at 20,000 x g. The absorbancy maamnt 

W&S a modlflcation of the method of Fishida (7); namely, the ratio of the absorb- 

awy 680:546 nw was taken as a measure of osmotic ~01~. Osmolarities were 
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determined by freezing point depressions. 

Volume changes moduced by illumination - Illumin8tlon of chloroplaets is 
known to produce two type6 of volu& ch8ngee - 8 rapid shrinkage and 8 slow 
swelling. The CirCwt8nCe6 under which these phenomena were measured were 

SubSt8ntially 86 previouely described by Packer et al (5). Swelling ~88 ~aeured 

by following 8baorbarIcy decreases at 546 19~1 of chloroplsst or fmnt euepeneiona 

after Incubation in darkness (controls) or under ill~~nation with 8ctfui.c light. 

Shrinkage w8e measured by following either 90' light-scattering increasea at 

546 m)l, or decrease6 in packed volume (5) or wet nume of illuminated fragments. 

In order to measure the packed volume decreaeee, the metal cover of the capill8ry 

centrifuge was repLaced by luclte to permit illumination during centrlfugation. 

For packed wet ma68 me8aurement6, the fragments were illuminated for 10 minutes 

prior to centrlfugation for 10 minutes at 60,000 x g after which the pellets 

were weighed. 

RESULTS 

06motic mxmerties - The vuluma of 06I6otically active particles obey8 the 

relation V = V, + K/C: where C ie the tot&l o6molarlty of the suspending medium; 

V is the volume of the p8rticlee; V, their volme at infinite eolute concentration 

(or the ommtic8lly inactive volume): V - V, is the 06motic8lly 8CtiVe volume; 

and the conetant K Is the rate of change of the volme with reciprocal o6molarlty 

(10). A teet for osmDtic propertiee of chloropl8et fragmnte in varlou6 solutes 

is shown in t8ble I. Since the values for V, and K for 5-10,ooO x g fragments 

are very similar for I&Cl and three non-electrolyhq, the volume of fragment6 

6eeme to depend upon the nrmrber of solute psrticles. 

Since o6motic volume ch8nges result frm 8 variation in the water content 

of the partlclee, 8 ch8nge in 6~86. should acccmp8ny changes in osmolarity 

according to the formul8tion M = MI+ K’/C: where M = 66366; M.,= ma136 at 

Infinite solute concentration (i.e. mass of dry eolutee plus bound water); 

C = the o6molarity of the medium; and K' la 8 conetant for the rate of change 

of mase (water content) with reciprocal osmolarlty. Tsble I shows olose corres- 

pondence between K* and M-In 8ucro6e or &Cl. 

Abeorbancy me86urements offer strong corroborative evidence in 8Ily test for 

osmotic propertlee becsuse rapid msseurements in dilute solutions can be msde. 
According to Tedeechl 8nd Earrl6 (10) i = S + K"/C, where K” 18 8 conat8nt, 

c iS 88 above. Rote that C is the reciprocal of 8b6OrbanCe at 8 particular 

tivelength, and I - S is proportionalto the oemoticslly active volraPs (V - L). 

Since abeorbance of chloroplaet fr8gments at 680 w (the red chlorophyll absorp- 

tion peak) is independent of orwolarity and reflects the number of psrticles in 

the solutions, 8 test for osmotic properties in vexlou solutes (figure 1) can 

be provided by measuring the ratio of 680:546 w absorbancy. Similar osmotic 
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TABIKI 
Evidence for Osmotic Properties in Chloroplast Membrane mnts 

Packed volumea 
Solute 

(11 pellet/mgFhlorophyll) (jfl pellet/mg chlLphyll/osmole) 
KaCl 79 4.1 
Sucrose 
Glucose : 
Kaffinose 92 

i:H 
. 

Packed wet massb 
Solute 

(mg pellet/e$rhlorophyll) (mg pellet& ch!~rophyll/osmole) 
KaCl 
Sucrose 

a Packed volume V = Y,+ K/C. V = the pellet voluw. V, is the osmotically 
dead volume. C = the total oeBaolarity of the suspending medium. K = the 
rate of change of volume with reciprocal osmolarity. Fragment8 suspended at 
2 n&l chlorophyll in Tris-maleate (20 nMI, pK 6.8) plus other solute were 
centrifuged for one hour at l3,OCO x g In the "capillary" centrifuge. 

b Packed wet mass. M = &,+ K’/C. M = the pellet mass. M,is the pellet 
mass at infinite solute concentration (dry mass + bound water). C = total 
osmolarity. K’ = the rate of change in mass (water content) with reciprocal 
osmolarity. Fraguksnts suspended at 0.4 m&l chlorophyll in solutions of 
various osmolarities were centrifuged In 5 ml tubes at 20,OCC x g for 30 tin, 
after which the supernatant was discarded and the pellets were weighed. 

behavior is observed in non-electrolytes: sucrose, mannltol, and maltose; 
rafflnose and glucose (not shown). Also there was no systematic dependence in 
this experiment of absorbance upon the refractive Index of the solute. For 

electrolytes, such as &Cl or KC1 the intercept is displaced but the slops 
is similar to that for non-electrolytes. Ulycerol,'which is kntito readily 
penetrate membranes, does not cause osmotic volume changes. Other experiments 
have shown that smaller fragments, eg. lO-20,CCO and 20-40,OOC x g fractions 
also manifest osmotic properties, but such responses decrease with particle else. 

Voltm~ changes 0flllumiMted chloronlastfraaaents - Fragmemts also retain 
the ability to shrink and swell upon illumination (table II). A comparison of 
chloroplasts and mnts shows that the magnitude of the li&t induced response 
&crease8 with fragment siee. Under normal conditions (MgCl2 and Phenazine 

methosulfate present) the changes are reversible (I.e. the pcrrtlcles recover 
their Initial volw when the light Is extinguished. Kowever In the presence 
ofMnCl2 alone, chloroplaets and fragsents diaplay a new type of light induced 
shrinkage which Is Irreversible in the dark and which Is .greater in the 5-lo,~xg 
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Figure 1. Osmotic response of 5-10,000 x g fraction of chloroplast framnts. 
Fragments were suspended In Tria buffer (20 mM, pR 6.8) plus other solutes. 
The absorbancy ratio, 680/546 IUU = B + K”/C, B = the intercept at infinite 
solute concentration, C is the total osmolarlty of the mediun, and K” is the 
rate of change of the absorbancy ratio with reciprocal osmolarity. 

!l!mIJz II 
Cmpexison of Light-Tnduced Structural Changes of Chloroplasts 

and Fragments 

Fraction Percent change upon lllumalnation 

shrinkagea swellingb 
Reversible Irreversible 

Chloroplasts 132 51 
5-10,000 g fragments 69 I.6 
1040,000 g irseprents 39 33 ll 
20-40,000 g frmnts 15 19 1 

a !5e percent increase In 90" lightscattering'level at 546 ~ upon lllumlnatlon 
with red actinic light was calculated as follows: (light-dark)/dark x 100. 
Reversible shrinkage occurs in the presence of Tris-maleate (20 nM, pR 6.8), 
MgCl, (5 d4), ascorbate (2.5 M), EMS (20 j&d), 5 ug/ml chlorophyll. Irrever- 
sible shriukage in the presence of Tris-maleate (20 1194, pli 6.8), WC12 (5 S), 
and 5 &ml chlorophyll. 

b Percent decrease in absorbency at 546 WI in the presence of HaCl (350 a), 
!&is-EC1 (4.0 n!M, pR 7.5), PidS (20 a) and chlorophyll (10 Ltg/ml). Illumination 
was 30 mtn. 
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fragaents than in chloroplasts. Fragments also retain the ability to swell to 
some extent which decreases with the fra@nent size. 

If size changes in fra@ents are true volume changes accopqanied by xater 
movement then decreased packed volume and mass should be observed under the 

shrinkage condition. Indeed evidence for volume decreases of about 2Q percent 
in illuminated fragments, incubated in the presence of MgC12 and FMS, has been 
obtained. Also a decrease in water content of up to 15% of the pellet mass ie 
observed when fragments are illuminated In the presence of MnC12. 

DISCUSSION 
The results of this investigation indicate that chloroplast membrane fragments 

undergo volume changes accazpanied by water flow both in response to an osmotic 
gradient and in response to light. These findings are in agreement with the 

morphological observations of Weier et al (11) and Itoh et al (4) which show 
that chloroplasts contain subccxqartment structures which change size in response 
to osmotic gradient6 or light respectively. Hence &x&es with isolated membrane 

fractions, reported here, suggest that grana or other subcompartments in the 
chloroplast may be responsible for structural changes that result In water movements 
of whole chloroplasts. 

This research was supported by the I@tlonal Science Foundation (OR-1550) 
and a Public Health Service Fellowship (1-Fl-M-22,599-02) from the Rational 
Institutes of Health. 
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