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INTRODUCTION

In our previous investigation(I), it has been found that chloroplasts suspended in
a medium containing NaCl and Tris-HCI swelled spontaneously in the dark, and that
this swelling was stimulated by the action of light, and then within about two hours
after illumination the swollen chloroplasts began to shrink markedly. The swelling
described above is the same phenomenon as light-induced high-amplitude swelling
described by Packer ef «l(2) and as photoswelling by Nismipa(3). Hence, this
swelling in the light is denoted as photoswelling in this paper. The photoswelling also
was observed in the medium lacking photophosphorylation cofactors, and stimulated
greatly by adding phenazine methosulfate(PMS) into the medium(I, 2) and by
tonicity of NaCl(I1), but not affected by adding MgCl, and ADP(2). Phosphate and
phenylmercuric acetate(PMA.) suppressed the photoswelling(1, 4, 5). On the basis of
these data, the photoswelling may be a light-dependent but not an energy-dependent
process, and is probably associated with electron flow in chloroplasts upon illumi-
nation. However, there are many points which are uncertain in the nature of
photoswelling.

In order to elucidate the character of photoswelling, the time course experiments
on the influences of cofactors and inhibitors of photosynthesis were initiated in chloro-
plasts suspended in the most simple medium, containing NaCl and Tris-HCI, in which
photoswelling was observed. Effects of these inhibitors on the shrinkage subsequent to
photoswelling, the second phenomenon in the time course for the volume changes of
the chloroplasts illuminated in the medium, were omitted in this paper for reason of
the fact that this shrinkage is associated with breaching of chlorophyll(1). From the
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results of our experiments the photoswelling was closely associated with the light-
induced electron transport, especially electron transport mediated with PMS. The
photoswelling in the presence of PMS was enhanced by ammonium chloride, methyl-
amine and quinacrine, but was inhibited by PMA and shrinkage of chloroplasts was
observed. Details of our experiments are described below.

MATERIALS AND METHODS

Preparation of samples.

Spinach chloroplasts were prepared in 0.756 m Tris-HCIl buffer, pH 7.5, containing
0.3 m MaCl (NaCl-Tris solution) as reported earlier(1). The isolated chloroplasts were
finally resuspended in the same NaCl-Tris solution used in the preparation and ajusted
to 0.5-1.0 mg of chlorophyll per ml. The chlorophyll was spectrophotometrically
determined by the method of A=rwon(6). This chloroplast suspension was diluted
appropriately with a filtered, dust-free NaCl-Tris solution containing various reagents
and then subjected to the volume measurements,

Determination of chlovoplast volume.

The chloroplast volume was measured electrically with a coulter counter model B.
The minute orifice of 50 # diameter was chosen in this series of experiments following
the recommendation by Brecuer ef 2I(7). This instrument determines the number and
size of particles as a result of the difference in electrical conductivity between the
particle and the suspending medium when the particles pass through a minute orifice.
The height of the electrical pulses is approximately proportional to the particle volume.
The relative frequency distribution curve of particle size can be obtained automatically
within 100 sec by recording on the plotter of the instrument,

The mean chloroplast volume was obtained by calculating the arithmetrical mean
of the relative frequency distribution curve, as follows. The expression for the mean
chloroplast volume (MCV) is :

MCV(p®) =MW x «

where MW is the “mean electric window” and « is the factor which converts window
numbers to #® for the particular aperture, aperture current, amplification and
components of medium. In this paper, the value of the factor ¢ was determined by
calibrating with standard particles of polyvinyltoluene latex (diameter, 8.49 g, Dow
Chem. Co.) and solving for « in above equation. The expression for the mean electric
window is :

MW=(fn/f)—0.5

where # is the number of the electric window switched automatically in 25 divisions
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at regular interval period and f is the number of chloroplasts counted in each window.
Since the height of the ordinates on the graphout are proportional to f, the reading
on the graph can be substituted for actural chloroplast number. All chloroplasts counted
in a window have the volume of chloroplasts midway between the upper and lower
limits of the window. Therefore, 0.5 is reduced from first terms in order to calibrate
as all chloroplasts counted at mid-point in each window. The first 2 or 3 windows
(largely background noise) are excluded in case of calculation for the mean window.
In some experiments, the change of the number of the chloroplasts having a volume
greater than the volume at the distribution maximum in the dark was followed with
time after illumination (#zef. 8). It is the defect that the volume itself of chloroplasts
is not determined by this method. But this method can be used to measure the volume
changes at intervals of a shorter period as compared with the method calculating the
arithmetrical mean chloroplast volume from relative frequency distribution curve as
described above. The changes of chloroplast volume in this paper were expressed as
percentage from the mean volume or the number having a volume greater than the
volume at the distribution maximum at zero illumination time.

The experiments were performed with chloroplast suspension diluted to 0.5-1.0 ug
of chlorophyll per ml of NaCl-Tris solution with or without reagents. The concent-

ration of reagents is indicated under the figures in the Results section. Unless otherwise
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Fig. 1, Effect of PMS and its concentration on photoswelling,
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stated, temperature of the chloroplast suspension was kept at 21° and light intensity
with incandescent lamp was approximate 30,000 lux on the surface of vessel containing
the chloroplast suspension. The measurements were started after 10-20 minutes of
incubation in the dark at 21°.

RESULTS

Effects of eleciron transport cofactors.

Phenazine methosulfate(PMS), one of the cofactors of electron transport in cyclic
photophosphorylation, affected noticeably at 20 #m on the photoswelling in chloroplasts
(1, 2). In the presence of PMS at 3 um, chloroplasts started to swell noticeably upon
illumination, and reached within 60 minutes a steady level about 7.5 folds as great
as the initial volume(Fig. 1).  The same time course for photoswelling was obtained
in the presence of PMS at 15, 20, and 30 uwm, respectively. The maximum value of
steady level in photoswelling was 6 to 10 folds at 8 #m as great as the initial volume;
8.5 folds at 15 pm, 6 to 10 folds at 20 #m and 9.5 folds at 30 #m. There was no
correlation between the concentration of PMS and the maximum value of steady level
in photoswelling accelerated by PMS at 3 #m above. The acceleratieve effect of PMS
on photoswelling reduced by decreasing its concentration in range from 3 zm to 0.3 um,
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Fig. 2, Effect of FMN and its concentration on photoswelling,
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Fig. 8. Effect of vitamin K; and its concentration on photoswelling.

and disappeared at 0.03 #m.

In order to examine effect of the other cofactors in cyclic electron transport like
PMS, use was made of flavin mononucleotide(FMN) and vitamin Kj;. In the presence
of FMN, the photswelling was slightly accelerated, and its maximum value reached
within shorter period after illumination and was lower than that of control (Fig. 2).
Vitamin K; had no effect on the photoswelling, but, as in the presence of FMN, the
maximum value of the photoswelling was lower than that of control (Fig. 3). It is
supposed that both FMN and vitamin K; switch over the photoswelling to the
subsequent shrinking faster than in control. Indigo carmine, one of very sensitive
dyes to oxidizing agents, was tested for its effect on the light-induced volume changes
of chloroplasts. The time course for the volume changes in the presence of indigo
carmine was essentially identical with the time course in the presence of FMN (ref.
Fig. 2). The effect of this dye showed no appreciable differences in the rate and
extent of photoswelling in the range of concentration from 70 to 700 #m, but was
slightly reduced at 7 u#m in comparison with that at 70 #m above.

Figure 4 illustrates the time course for light-induced volume changes of
chloroplasts suspended in NaCl-Tris solution with ferricyanide, one of the cofactors of
electron transport in non-cyclic photophosphorylation. The rate and extent of
photoswelling at 8 u#m of ferricyanide was usually similar to, and sometimes higher
than, the rate and extent in control. At 30 um, the rate of photoswelling was slightly
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stimulated, but the extent was similar to, and sometimes lower than, that in control.
2,6-Dichlorophenol indophenol (DPIP) was also used as electron acceptor. The results
in the range of concentration at 8.3-165 um were essentially identical with the time
course in the presence of 30 um of ferricynaide (ref. Fig. 4).

Accelerating effects of these electron transport cofactors except for vitamin K; on
the photoswelling suggest that this phenomenon depends on light-induced electron flow
activities. In particular, PMS stimulated conspicuously on photoswelling at lower
concentration than that of other cofactors used. This shows that photoswelling may be
closely associated with electron transport mediated with PMS.
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Fig. 4. Effect of ferricyanide and its concentration on photoswelling.

Effects of inhibitors of electron transport.

For further investigation on the dependency of the photoswelling upon electron
flow activities induced by the action of light, use was made of 3-(8, 4-dichlorophenyl)
-1,1-dimethylurea (DCMU) and o-phenanthroline as inhibitor of electron transport in
photosynthesis. It can be considered that there is no effect of DCMU on the swelling
in the dark although the volume in the presence of DCMU was usually similar to, and
sometimes slightly higher than, that in control. However, the photoswelling of
chloroplasts illuminated in NaCl-Tris solution was suppressed remarkably by DCMU added
before illumination. This suppressive effect of DCMU at 10 g#m was reversed virtually
by further adding DPIP(33.3 #m) and ascorbate(666 xm), which slightly affected on
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Fig. 5. Effect of DCMU on photoswelling, a) Inhibition by DCMU at 10
#M. b) Reverse of its inhibition by DPIP and ascorbate. DCMU,
10 #M; DPIP, 33.3 uM ; ascorbate, 666 xM, are added. DCMU-
DPIP-ascorbate (4 ), DPIP-ascorbate (/\), DCMU (@), none (O).
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the photoswelling. These data are shown in Fig. 5. On the other hand, in the presence
of o-phenanthroline the photoswelling was affected acceleratively rather than suppressi-
vely. When DPIP and ascorbate was added to o-phenanthroline, the photoswelling was
enhanced (Fig. 6).

These different effects between DCMU and o-phenanthroline were investigated on
the photoswelling accelerated by PMS. DCMU suppressed the photoswelling accelerated
by PMS and approximate 80 per cent of its suppression was reversed by adding
further DPIP and ascorbate (Fig. 7). o-Phenanthroline also showed similar influence on
the photoswelling by PMS. But the reversal extent by further adding DPIP and
ascorbate was larger than that in the presence of DCMU, and the volume reversed
was equal to, or rather larger than, the volume in the presence of PMS alone (Fig.8).
The photoswelling in isoiated chloroplasts was closely related in the activities of cyclic
and non-cyclic electron flow triggered by light. We are greatly interested in different
influ ence between DCMU and o-phenanthroline on the photoswelling with or without
PMS.
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Fig. 6 Enhancement of photowelling by combination of
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Effects of inhibitors in photophosphorylation.

The photoshrinkage or light-induced low-amplitude shrinkage, which is an opposite
volume change to photoswelling, is also affected by the activities of electron transport,
and is suppressed by inhibitors of photophosphorylation (8-14). If photcswelling
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Fig. 7. Inhibition of DCMU on photoswelling by PMS, and reverse
of its inhibition by adding DPIP and ascorbate.
Added: PMS, 30 uxm; DCMU, 50 uxm; DPIP, 33.3 uMm;
ascorbate, 666 M. PMS—DCMU— DPIP—ascorbate (Hf),
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compete with photoshrinkage, the rate and extent of photoswelling may be stimulated
by adding uncouplers or inhibitors of photophosphorylation in the chloroplast suspen-
sion.

Ammonium chloride was found to have no effect on the light-induced high-
amplitude swelling in chloroplasts (2). In our previous investigation (1), it was shown
that ammonium chloride had no effect on the pattern of the time course for the light-
induced volume changes of chloroplasts suspended in NaCl-Tris solution, But these data
show that ammonium chloride stimulate slightly the rate and extent of the volume
changes. Therefore, further detail experiments were performed on this effect.
Ammonium chloride stimulated the photoswelling of chloroplasts illuminated in NaCl-
Tris solution with increase of its concentration(Fig. 9). Thus enhancement of photo-
swelling was also obtained by adding methylamine to the suspension. This enhancement
effect of ammonium chloride or methylamine obviously strengthened photoswelling
when electron flow cofactors were added into chloroplast suspension with these
uncouplers, Figure 10 shows the effect of PMS on the photoswelling induced by

methylamine, and Fig. 11 shows the effect of DPIP and ascorbate on the photoswelling
induced by ammonium chloride.
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Fig. 9. Effect of ammonium chloride and its concentration on photoswelling.
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Dicumarol has been known as an uncoupler of oxidative phosphorylation, which
inhibits electron flow at higher concentration as well, and also has been found to be
an uncoupler of photophosphorylation(14, 16). This compound, therefore, was tested
for its effect on the volume changes of chloroplasts illuminated in NaCl-Tris solution
(Fig. 12). No significant difference in the rate and extent of the photoswelling was
observed between chloroplasts without dicumarol and with at lower concentration
(10#m). But dicumarol at 50 and 100 #m increased the rate and extent of the photo-
swelling. The enhancement effect of dicumarol at 50 #m above, which agreed with
uncoupling concentration (50 #m) reported by Hinp and Jacenporr(13), is considered as
resulting from inhibition of endogenous photophosphorylation in chloroplasts.

Quinacrine, one of uncouplers acting at terminal step in ATP formation, was used
in experiments on the volume changes of chloroplasts suspended in NaCl-Tris solution.
The results are shown in Fig. 13. Incubating with quinacrine in the dark, the swelling
of chloroplasts was accelerated by increasing its concentration, and then the swollen
chloroplasts by this uncoupler shrunk remarkably upon illumination. The rate of
shrinkage under illumination was reduced with increase of quinacrine concentration.
The similar effect of this uncoupler has been reported by Izawa and Goopn(I18) with
electron microscopy on the volume changes of chloroplasts suspended in tricine-NaOH
(0.05 M) and sucrose (8 mm). When the higher concentration of quinacrine (1 mwm)
was added, chloroplasts maintained only the rate of dark swelling accelerated by this
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Fig. 12. Effect of dicumarol and its concentration on photoswelling.
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uncoupler and the response to the light disappeared(Fig. 13).

It has been proposed by SiecenTrALER(I4) that phenylmercuric acetate(PMA)
acted like quinacrine at a site beyond the formation of high energy intermediates from
investigation of the action of PMA on light-induced shrinkage and on photosynthetic
reactions in spinach chloroplasts. For the purpose of comparison with effect of quina-
crine, the influence of PMA was examined in the volume changes of chloroplasts
suspended in NaCl-Tris solution. The results are shown in Fig. 14. PMA had no effect
on the dark swelling, even in higher concentration of this uncoupler. This is distinct
from the effect of quinacrine. Like quinacrine, however, PMA suppressed photoswelling
under the light condition ; that is, when PMA was added, chloroplasts shrunk rapidly
upon illumination and the extent of shrinkage was larger rather than that in the
presence of quinacrine. The extent of shrinkage by PMA was essentially identical at
1 and 10 #m, but reduced with increasing its concentration. The shrinkage by PMA was
scarcely observed at 100 #m though photoswelling was still suppressed. The shrinking
effect of PMA in the light has already been reported by Siecentuarer and Packer(5)
using packed volume method.

The suppressive effect of PMA. and quinacrine on photoswelling can be considered
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to be that these uncouplers cause accumulation of high energy intermediates (or states)
in chloroplasts and consequently promote shrinkage, since photoshrinkage is related to
the formation of high energy intermediates(or states) preceding ATP synthesis (10,
14, 15). This suggestion has been proposed by SiecentmarLer (I4) and Dirrevy and
Vernon (10). Their experiments were performed by using light-scattering method in
chloroplasts with PMS(14) and trimethyl-1,4-benzoquinone(10) as electron transport
cofactors but without photophosphorylation cofactors. The experiments, therefore, were
carried out with coulter counter in order to confirm the effect of these uncouplers on
the volume changes of chloroplasts with PMS as electron flow cofactors. Unexpectedly,
as shown in Fig. 15 and 16, the different effect between PMA and quinacrine was
found on the volume changes in the presence of PMS, When PMS and PMA were
combined, chloroplasts shrunk more greatly than the volume in the presence of PMA
alone. While the shrinking effect of quinacrine disappeared by addition of PMS, on
the contrary, quinacrine enhanced the rate and extent of the photoswelling which was
accelerated by PMS. The results with coulter counter agreed as to the effect of PMA
with the observation using light-scattering(14), but disagreed as to the effect of
quinacrine with observation using light-scattering(10, 17). This discrepancy may be
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due to the difference of method measuring the volume or of electron transport cofactor
used. The chloroplast volume itself can be directly determined by coulter counter
rather than by light-scattering method. Therefore, in view of the fact that the two
oppositing volume changes of chloroplasts occured upon illumination when PMS was
combined with PMA or quinacrine, it is assumed that PMA and quinacrine operate
with a different mechanism in certain situations in which photosynthetic activities
are concerned in the volume changes of chloroplasts.

DISCUSSION

The photoswelling of chloroplasts in the medium without the cofactors of electron
transport as shown in this paper has been found in our previous experiments(l) and
also by Packer et al(2), and SiecentEaLEr and Packer(5) under the same
conditions., These results suggest that photoswelling may be induced by endogenous
photochemical systems in chloroplasts. Furthermore, the facts that photoswelling is
affected by exogenous photochemical cofactors or inhibitors, indicate the dependence of
photoswelling upon the photochemical activities triggered by the action of light. The
importance of electron transport on photoswelling was confirmed by Nisuma(3) and
SiecenTHALER and Packer(5) although no kinetic study was performed on the
relationships between photoswelling and electron transport systems in chloroplasts,

In our experiments photoswelling was stimulated by adding the electron flow
cofactors, such as PMS, FMN, indigo carmine and ferricyanide; above all, the
enhancement by PMS was specifically conspicuous in comparison with the effect of
other cofactors. It has been found by Nismipa ef @l(1) and Packer ef «l(2) that
PMS is an activator of photoswelling. Their experiments were performed at
concentration of 20 #m and 30 #m, while our experiments showed that the enhancement
by PMS was caused at more dilute concentration of 0.3 #m (Fig. 1). This result
suggests that photoswelling has specific sensibility for PMS, and hence it was used
in the experiments performed to compare the photoswelling by various inhibitors of
photosynthesis. When DCMU or o-phenanthroline was added, the photoswelling by
PMS was partially suppressed but still stimulated greater than the photoswelling
without PMS. By further addition of DPIP and ascorbate, the suppression of DCMU
or o-phenanthroline was reversed to the near level of photoswelling with PMS only.
This suggests that photoswelling may depend on both cyclic and non-cyclic electron
transport.

However, no significant difference was observed between the enhancement effect
of FMN and ferricyanide, and vitamin K, had no effect on the photoswelling (Fig. 2
and 3). The difference of reversal extent by adding DPIP and ascorbate was found on
the photoswelling with PMS between in the presence of DCMU and o-phenanthroline
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(Fig. 7 and 8). It is unreasonable as for influence of PMS on photoswelling to think
that PMS serves only as a cofactor in cyclic electron transport in chloroplasts. PMS is
a non-physiological cofactor in distinction from FMN and vitamin X; and hence PMS
has a posibility of service as a fast bypass for electron transport around the site
which is rate-limiting in the system. The reason why PMS is sensitive to photoswe-
lling and the different effect of DCMU and o-phenanthroline on the photoswelling
with or without PMS, can not be clear from the results of our experiments but is an
interesting problem as to elucidating the mechanism of photoswelling.

When uncouplers of photophosphorylation, such as ammonium chloride, methyl-
amine and dicumarol, were added to chloroplast suspension, photoswelling was enhanced
with increase of their concentration, and was more noticeably enhanced in the
presence of electron transport_cofactors (Fig. 10 and 11). The enhancement effect of
ammonium chloride has already been observed by Nosewr (19) using the packed volume
method, and the effect of methylamine has been observed by Izawa and Gooo (17,
18) with light-scattering and electron microscopy. These uncouplers, in general,
inhibit photophosphorylation while stimulating the electron transport in chloroplasts.
The enhancement effects of the wuncouplers, therefore, were probably caused by
acceleration of electron transport, and by uncoupling the phosphorylation in
chloroplasts. .

If photoswelling compete with photoshrinkage, which is associated closely with the
formation of high energy intermsdiates(or states) preceding ATP synthesis (see
review 20), photoswelling may be reduced by quinacrine and PMA, which inhibit the
terminal step(s) in ATP formation but not inhibit the high energy intermediates(or
states) formed in a prior reaction. This suggestion was confirmed from facts that
shrinkage of illuminated chloroplasts in the presence of these uncouplers was measured.
with coulter counter (Fig. 13 and 14), as observed with packed volume(5), light-
scattering(17) and elecron microscopy(18). The idea has also been proposed by Diviev
and Vernon(I0) and Siecentmarer(I4) by mesasuring with light-scattering method
the shrinkage of chloroplasts in the presence of electron transport cofactor and
quinacrine or PMA. However, when chloroplast volume was measured with coulter
counter, the illuminated chloroplasts in the simultaneous presence of PMS and guinacrine
swelled greatly more than the volume in the presence of PMS alone (Fig. 15).
The discrepancy may be caused by difference in the method measuring the volume or
in the electron transport cofactor used, that is, PMS and trimethyl-1,4-benzoquinone
(10) and ferricyanide(I7). While PMA was enhanced shrinkage with or without
exogenous electron transport cofactors in different method measuring the volume (Fig.
16, 7ef. 5 and 14). It may be assumed that PMA and quinacrine have dissimilar
effects on a mechanism of photoswelling rather than photophosphorylation mediated by
PMS.

The chloroplasts isolated by NaCl-Tris solution was the stripped type, which have:
lost their bounding membranes (outer limiting membranes) and a considerable portion.
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of their stroma, but which have retained the fretwork of their lamellar systems intact,
as reported by Leecu(22). Muraxkami and Noser(23) have elucidated with electron
microscopy that the swelling of spinach chloroplasts suspended in Tris-HCl buffer
with NaCl was caused by swelling thylakoids in the lamellar systems, and that this
type of swelling was much more pronounced upcn illuminaticn. Mechanisms of volume
changes in chloroplasts has been considered by which light, the electrcn- and energy-
transfer reactions initiated, and the products formed can control the movement of
water and ions(2, 5, 17, 2I). Therefcre, mechanisms of photoswelling can be
considered to depend on the results that ions and salts are influxed by coupling with
the light-induced electron and energy transfer activities into lamellar systems, and
consequently water osmotically is influxed into them.

Several investigations under conditicns causing photcswelling have been repcried
on the light-induced uptake of calcium and strontium(25, 26) and ammonium icns
(27). There are no investigations proving directly the light-induced uptake of scdium
and chloride ions which are component in suspending medium used here.

However, NoseL and Packer(28) studied on the light-induced uptake of various
ions in chloroplasts suspended in 1756 mm XCI, 50 mm Tris-HCI(pH 7.5), 5 mm MgCl,,
10 #m PMS, 3 mm ATP and 5 mwm reduced lipoic acid. They fcund that scdium ion
uptake depend on adenocsine triphcsphatase activities triggered by light. Their medium
used perhaps appear to cause the swelling of chloroplasts upon illuminaticn, MurARAMI
and Nosew(23) proposed that photoswelling base on a hydrecgen-scdium exchange
with light-induced electron transport systems frcm resarch of the role of lipid
components in the conformation of the membrane structure of isclated chlorcplasts.
“The light-induced chlcride icn uptake wculd ke expected if the essential acccmpani-
ment of a proton extruded to one side of a membrane is an anion transported to the
same side simultaneously, although Packer ef @/(21) have put a questicn mark, in
their unified mechanism, against the light-induced uptake of chlcride ion by the
chloroplast membrane. Basically, the swelling cccurring in a strcng elctrolyte would be
due to the uptake of anion, accompanied by the movement of proton, by the
appropriate redox system in the chloroplast membrane.

From the results described above, it can be ccnsidered that photcswelling in NaCl-
Trissolution presented here may depend cn light-induced uptake cf scdivm and
chloride ions, which may be affected noticeably by activities of PMS-mediated
electron transport in chloroplasts, Moreover, it may be assumed that PMA and
-quinacrine have dissimilar effects ¢n the light-incuced icn uptake derending cn the

-utilization of energy transfer systems.

The author wishes to thank Dr. K. Nishida for many helpful discussicn and
suggestions during this work. Thanks are given to Mr. K. Rycyama, Mr. M. Sakata
and Mr. I. Adachi for their assistance in the experimental work.
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SUMMARY

The effects of cofactors and inhibitors of photosynthesis on the photoswelling in
chloroplasts suspended in Tris-HCI buffer containing 0.3 m NaCl was investigated by
determining the volume with a coulter counter. Photoswelling was stimulated by
adding the electron transport cofactors, such as phenazine methosulfate(PMS), flavin
mononuclectide, indigo carmine and ferricyanide; above all, the enhancement by PMS
was specifically conspicuous in comparison with the effect of other cofactors. Vitamin
K; had no effect on the photoswelling. The photoswelling in the presence of PMS was
partially suppressed when 8-(38,4-dichlorophenyl)-1,1-dimethylurea or o-phenanthroline
was added, and this suppressicn was reversed by further addition of 2,6-dichlorophenol
indophenol and ascorbate. Ammonium chloride, methylamine and dicumarol enhanced
photoswelling with increase of their concentration and [enhanced more noticeably in
the presence of PMS. Phenylmercuric acetate(PMA) and quinacrine suppressed
photoswelling in the absence of electron transport cofactors. {However, in the presence
of PMS, quinacrine enhanced photoswelling while PMA induced markedly photoshrin-
kage rather than photoswelling. The relationship between photoswelling and photo-
chmeical reactions in chloroplasts was discussed.
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