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EFFECTS OF PROTEIN MODIFIERS, DENATURANTS
AND ACTIVE OXYGEN ON PHOTOSYSTEM [I
PHOTOINACTIVATION OF SPINACH LEAVES
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(South China Institute of Botany, Academia Sinica, Guangzhou 510650)

Abstract Leaf discs of spinach were exposed to high light in the presence of active oxygen,
protein modifiers and denaturants, and chlorophyll fluorescence kinetics was detected
and compared with high light treatment alone.

The addition of H,0,, *O,, OH+ and 'O, enhanced photoinhibition, showing the de-
crease of Fv/Fm, qp and QPSII , which were accompanied by the increase of qy and
1—qp. Treatment of four protein modifiers, NBS, DEPC, BDE and pCMB, also exhibited
the similar changes of fluorescence parameters. More evident change was caused by BDE, an
Arg-modifier of protein. SDS affected significantly on Fm, Fv and qp, but didn’t change
gn- A complete lose of qp associated with maximum qy were induced by Gu-HCl. Urea and
DMSO at low concentration reduced the PSII activity and increased qy in less extent. The
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Abbreviations: NBS, N-bromosuccinimide; DEPC, dicthylpyrocarbenate; BDE, butanedione; pCMB, pchloromercuri-
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results suggest that any change in conformation or structure of chloroplast protein all led to
the enhancement of PSII photoinactivation.
Key words Active oxygen; Protein modifier; Protein denaturant; PSII photoinactivation;

Spinach leaf
1 Introduction

Photoinhibition has become an important area of intensive study during recent years. It
has been pointed out that two different types of photoinhibition occurred either at the
acceptorside or donorside of PSII reaction centre!!. The photodamage and
photoinactivation were considered to be in relation to the changes of conformation and
structure of PSII complex. The formation of active oxygen spécies was promoted in
chloroplasi; under high light intensity. Active oxygen may involved in the initiation,
acceleration and sequence of events leading to impairment of PSI ®’. Some specific chemi-
cal modifiers and denaturants of protein are useful probes for exploring the relationship be-
tween function and change of conformation or structure of membrane, protein/enzyme and
their regulation mechanism. However, the direct effects and their differences among these
chemicals and exogenous active oxygen on inactivation of PSII are not clear.

The present paper reports data on PSII inactivation of spinach leaf discs treated by
four kinds of active oxygen, protein modifiers and denaturants, via the detection of

chlorophyll fluorescence modulation kinetics.
2 Materials and methods

Leaf discs from mature spinach plants were infiltrated with different kinds of active
oxygen ( Oy, OH-, '0, H,0,), protein modifiers (N-bromosuccinimide, diethylpyrocarbonate,
butanedione, p-chloromercuribenzoic acid) and protein denaturants (urea, guanidinium chlo-
ride, sodium dodecyl sulfate, dimethyl sulfoxide) for 30 min, then exposured to 25 C and
high light (1000 gmol m™") for another 30 min with dark treatment as control. Chlorophyll
fluorescence was measured with a PAM pulse modulation fluorometer and the fluorescence
parameters were calculated according to Schreiber et al ¥ The intensity of weak modulated
measuring beam was less than 0.01 umol photon m”, actinic light was 250 pmol m%! and
saturating light pulse was up to 6 600 umol m’™.

Singlet oxygen (‘O,) was generated by hematoporphyrin photosensitization®. Superoxide
anion (O;) was produced by the illuminated methylviologen!, while hydroxyl radical

(OH- ) was obtained through the Fenton reaction”.
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3 Results and discussion

3.1 Effect of active oxygen

In comparison with dark control, high light induced the photoinhibition of spinach leaf
showing decrease on Fm, Fv, Fv/Fm, g, and increase of qy (Table 1). In treatments with
four kinds of active oxygen under high light, the changes of chlorophyll fluorescence
parameters were enhanced. Addition of H>O2 (150 mmol/L) and the chemicals which pro-
duced O3, OH - radicals and 'O, in the dark resulted in increase of gp and decrease of
gn, but a slight effect on Fv/Fm. When illuminating leaf discs in the presence of the above
active oxygen species, Fv/Fm and Fv fell down to 5—16% and 9—50% of light control,
respectively. The change of fluorescence quenchings (qp and qy) showed different behavior.
Treatments with H,0,, Fo and gy rose with low gp, indicating that the dissipation of exces-
sive light energy was altered in favour of heat dissipation. However, under conditions treated
with other active oxygen species, both qpand qun dropped. The decrease of qy may imply
that the energization of chloroplast was also affected by the strong species of active oxygen

and led to the reduction of photoprotective ability.

Table 1 Effect of active oxygen on chlorophyll fluorescence

Active 06
oxygen Fm Fv Fo Fv/[Fm qp qn
HO0 D 898 749 182 0834 0.722 0.658 2 04
L 760 543 217 0714 0.588 0.712 &
L/D 085 073 119 086 081 1.08 0.2
H,0, D 932 743 17.0 0797 0.696 0.705
L 755 498 257 0.659 0400 0.787 0
LD 081 067 151 083 058 111 08
OH: D 939 740 198 0.788 0.571 0.803
L 772 532 240 0689 0.577 0.689
LD 082 072 121 087 101 087
o, D 778 612 166 0.786 0.658 0.689
L 523 347 180 0.663 0.500 0.641
L/D 067 057 108 084 076 093
o,y D 842 640 202 0760 0.304 0.854 ; : = .
L s08 273 237 0537 0222 0.565 H0  HO, OH- 0, 0
LD 0.60 043 117 0.70 073  0.66 Fig. 1 Changes of OPS IT (A) and 1—qp (B)

in the presence of active oxygen
Dark [ Light

Fig. 1 showed the calculated value of p PSII (photochemical quantum efficiency of
open PSII reaction centre) and 1—qp (approximate measure of the reduction state of
PSII centre) under light or dark condition with and without active oxygen. Involvement of
exogenous active oxygen with high light all showed a decreasing $PST (7—-49%) and an
iﬁcreasing 1—qp value (3—89%), which suggests that a high Q reduction state reflecting the
potentially harmful overexcitation of PS Il centres occurred in these cases. The results

D— in the dark; L— under the light (1000 gmol m’™)




62 PR EIR H5E

formed that active oxygen mediated photooxidative damage of PSII. It has been reported
that excessive oxidative conditions can seriously perturb normal cell metabolism, cause
pigment bleaching and protein cross-linking of PSII complex®, and involve in the targeting

and breakdown process of protein®. Some special amino acid residues in protein, such as
histidine, cystein, tryptophan are very susceptible to oxidative damage®, and the oxidized
proteins showed more proteolytic hydrolysis than natural protein'”. Thus, the possible
explanation for the enhancement of photoinhibition by active oxygen might be mainly due
to the oxidative damage of PSII complex in the acceptor side (by '0,, +0,, H,0y or in
the donor side (by OH+ and H,0,). On the other hand, oxidative modification of proteins

in chloroplast may result in enhancing their susceptibility to proteolysis.

3.2 Effect of protein modifiers

Table 2 summarizes the effects of four kinds of protein modifiers on fluorescence
parameters of spinach leaf. The tryptophan residue modifier NBS, cysteine residue modifier
pCMB, arginine residue modifier BDE and histidine residue modifier DEPC all caused the
significant decrease of Fm, Fv, Fv/Fm and qp. The quenching of Fm was almost paralleled
to a decrease in Fo, and the decrease in qp was correlated with high qy. Additionally, the
high reduction state of PSII (1.3—1.9 fold of control) and low photochemical activity of
PSTI (@PSH, 86—95% of control) were observed by these covalence modification of
chloroplast protein (Fig. 2). Among the test modifiers in the same concentration, pCMB in-
duced an obvious decrease in Fm and Fo, while the evident changes of PSII , 1—qp and
dp, qn Were found by the treatments with BDE and DEPC.

Table 2 Effects of protein modifiers and denaturants on a Lof
chlorophyll fluorescence F 0.8}
Additions Fm Fv Fo FvfFm q qn 5 0.6}
Protein modifiers (umol/L) = 0.4
No addition 96.2 722 240 0.751 0.559 0.771 g 0.2
pCMB (100) 650 463 187 0.712 0.429 0.790 e
NBS(lOO) 70.1 503 19.8 0.717 0.340 0.825 0 H,0 GuHCl Urea SDS DMSO
Butanedione(100)  73.2 52.7 205 0.720 0.158 0.817 Fig. 2 Changes in ®PS I and 1—qp induced by
DEPC(100) 80.5 57.7 228 0.716 0.318 0.807 N . .
protein modifiers
Protein denaturants (mmol/L) Lor
Gu-HCl (60) 957 622 358 0.650 0 0.921 . ’
Urea (80) 90.0 66.8 232 0.742 0.150 0.809 ff‘ 08}
SDS (1.7) 69.0 433 267 0627 0250 0.770 ~ o6k
DMSO (60) 859 64.0 219 0.745 0417 0.810 8
o 04
It is known that histidine mediating the _% 02k
quenching of 'O, and a serinetype endo- 0

H,0 pCMB NBS
Fig. 3 Changes in $PS I and 1—qp induced by
reaction centre complex of PSI might protein denaturants

peptidase with -SH catalytic mechanism in
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involve in the turnover decomposition of D, protein". The present data indicated that
changes of protein conformation of chloroplast led to the enhancement of photoinhibition,
the different effect on fluorescence parameters depened on the modifiers used, but the in-
duced increasing photoinhibition might only express a response of photoprotection in heat

dissipation in present experimental conditions.

3.3 Effect of protein denaturants

Guanidinium chloride and urea disturbed the hydrophobic group and/or hydrophilic
group of protein which resulted in the unfolding of protein. The guanidinium chloride
treated leaf showed very high level of qy (up to 0.921) and Fo (149%), and a complete loss
of qp (Table 2). The lowest (I)PS[[ (59%) and low.Fv/Fm ratio (86%) were also observed
in Fig. 3. Urea at 80 mmol/L did not changes Fo and Fv/Fm, but reduced PSII activity
by decreasing Fm and qp. Its effect on PSII was less than that of guanidinium chloride.

Treatment with low concentration of detergent sodium dodecye sulphate (SDS)
significantly decreased Fm(28%), Fv(40%), Fv/Fm(17%) and qi55%), but the same qy value
remained as compared with control. The result showed that SDS-treatment inhibited the
function of PSII, which was in agreement with the inhibition of PSII electron transport
(H,0-DCPIP) and the redistribution of excitation energy between PSII and PS] in
SDS-treated pea chloroplasts as reported by Apostolova et all'. ’

Dimethyl sulfoxide (DMSO) showed less effect on PSII fluorescence parameters (Table
2 and Fig. 3). DMSO is a cleavager of hydrogen bond in protein and also a scavenger of
hydroxyl radical™. This two different function may be as part of the reason for explaining
its slight effect under high light.

In conclusion, we proposed that the conformation and structure of protein in
chloroplast were altered either by protein modifiers and denaturants, or by the oxidative
conformation of protein and pigments under oxygen stress condition, they all led to the
photoinactivation of PSTI. The pattern and extent of changes might be dependent upon the
property, concentration of the used compounds, and the importance of modified component

in PST] centre.
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