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ABSTRACT 

Glutathione reductase (E.t. 1.6.42) acttvity is present in 

spinach chloroplasts. The pH dependence and apparent binding constart 

are reported and a possible role in chloroplasts is pr6posed. 



.. 

• 

4 5 

-7-

Glutathione.. reductase (NADPH2) glutathione oxidoreductase (E.C .• 1.6.4.2) 

is. a· ubiquitous enzyme ·found in anima-ls,. bacteria, fungi· and: higher plants 

(2,. 4, s·, 6,. 7,. 10,. 13, 14) .. It is usually a highly specific enzyme 

that utilizes NADPH2 to reduce oxidized glutathione (GSSG) 3 to two 

moleculPs of reduced glutathione (GSH). 

Glutathione reductase can maintain a high ratio of GSH/GSSG 

and by this means plays an important role in the regulat-ion of cell 

metabolism (12). Reduced 9lutathione has been implicated in a large 

number of reactions including the non-enzymatic rcductior1 of thial 

groups, enzymatic reduction of disulfide bridges of protein with conse

quent deactivation (10) Ot' activation of the protein, and as a s11hstitute 

for GSii pcr·ox ide ( 12). 

In higher plants glutathione rccfuctuse has been stucli0d ·in pea 

seedlings (6), l'lheat germ (4), mitochondria isolaL.d fro1:1 avocado, mung 

beans, and peas (14). Th~ mitochondrial preparations were able to 

couple~ GSH oxidation with the reduction of dehydroeiscot~)ic ac·icl (14). 

This paper repm·ts the observation of g lutatll ione rrductase in 

spinach chloroplasts. 

~1ethods 

Chloroplasts and stroma enzymes were isolated from spinach leaves 

by the procedures of Bassham, Levine and Forger (3). Solution Z was 

modified by replacrnc~t of the reduced glutathione buffer 11ith Tris 

(hydroxymethylaminomethane). The reduced glutathione reductase contained 

at least 0.5% of oxidized glutathione, the substTate of the glutathione 

reductase reaction. Several buffers 1<1ere tried and all 1:en: found to be 

sil.tisfactol'.Y· The qltltiJthir.n!? rPdtKtasc activity when :..torrd at ~0°C 

was stuhle for lllOI'C thJn 4 hrs. 



-8-
, 
~A ~t~nd~rd ~e~~ti6~ mixture of 1 ml ~bnt~ined major reagents at 

the f6116wing concentrations: Tris 0;05 ~pH ~-~ NADPH2 0.15 mM, 

GSSG 0.5 rnM, MgCl 2 3 mr~. Enough stroma enzyme preparation (50-100 u:l) 

wa~ added to achieve a rate of NADPH2 oxidation between 0.05 and O~OB 

!J. OD units (at 340' nm) per minute. 

Protein was determined by the Lowry method {9) using bovine serum 

albumin as a standard. Chlorophyll content of the grana fraction l•tas 

measured using the procedure of Vernon {11). 

Results and Di sv ss ion 

The presenLc of a glutathione red~ctase activity in the stroma 

fraction \'las first detected dur·ing at.trrnpts to detci·rrlin<: the stoichiometry 

betl'!cen C02 r'ele<se c,nd 1\(iDP reduction by th:: srlucoscl 6-:phosphate 

dE·hydrogcnasc cr,/yii:0 found in spinach chlor-opl.:st: p crations. In 

controls involving ilADF'i-12 addition, pyridine nuclcJLidc v1as rapidly 

oxidized. Repl2.cernent of the t·educed glutathicnc (C)fl) buffet· v~ith Tris 

eliminated the c. .. iclation of ~·lN1PH2 . This \·las V1e rc:,ult of the presence 

in COGmlercial reduced glutathione of between 0.5% to 1.0% oxidized 

glutathione (GSSG). The glutathione rcclucto.s,c c:ctivity 1·1as specific 

for N!1DPH2 (Table 1) und v;as ini1ibitcd by Zn++ (T,:1hlc: 2). These 

characteristics are similar tq those of glutothionc rcductases from fungi 

(13), \'/heat germ {il-), peas (6), bactet·ia (2), and i1n·im.3l tissues (7). 

The enzyme has a broad pH maximum (FiSJ. 1) bctv1ern p!i 6.5 and 8. 

In the crude preparation used, the estimated Km for GSSG of 0.07 mM 

(Fig. 2} fell 1·1ithin the range of valuE'S reported in the literature 

(2, 7, 12). Presence of 50 mM GSH did not rnensurnbly affect the rate 

of glutathione rc<uction in agt·cemcnt \'lith the oh~,crved irreversibility 

of the overall cnzym~tic process. 

• 

• 
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Since glutathione reductase activity was previously reported in higher 

plant tissue extracts (4, 6) and plant mitochondria (14) , attempts 

were made to localize the activity. For this the isolated intact 

chloroplasts were washed 3 times with buffer before lysis. As seen in 

Table 3, the specific activity of the glutathione reductase activity did not 

change with referente to the protein content, nor with regard to the 

chlorophyll content of the grana fraction after lysis. This pray ides 

strong evidence for the localization of the glutathione reductase within 

the chloroplast. 

The chloroplast stroma enzyme preparation \'tas also able to transfer 

electrons from NADPH2 in a ferredoxin dependent reactior1 (Table 4) (1). 

After approx irna Le 1y 8 minutes, the aniount of Nf1DPH2 ox i d i 2 ed excecclccJ 

the amount of ferredoxin added to the preparation (0.034 w::ole). This 

could be explained by th~ reoxidation of ferredoxin by 02. N/\DPH2 

oxidation with fenedoxin as an electron acceptor 1•1as less inhibited 

by additions of 0. 1 m~ ZnC1 2. 

Test of high purity conmercial RuDP cat·boxylase pr2pa1·ations sho1.'i.:d 

that t hey con ta i ned h i g h b u t v a t' i a b 1 e g 1 u tat h i o n e red u c t as e a c t i v it y 

(Tob1e 5). The activity 1·1as specific fot· Nf1DPfi
2 

anci v:as co1~1pletely 

inf1ibited by 0.1 mM ZnC1 2 . Thus all preparation5 may have contained 

significant amounts of glutathione reductase or possibly one of the 

subunits of RuDP carboxylase may have been responsibl2 for the observed 

GSSG reduction. 

The stroma enzyrnc prepc:u·at ions on standing acquin:d an increasing 

capucity to oxidize N/\DPH
2 

without addition of GSSG. This buckground 

activity was alSo specific to NADPH
2 

and \<tas sensitive to ZnC'I 2 . St(wa~r. 

of thr preparation umiel' N2 ( T.>!l l c G) prcv( 'll ted Ul<' I! eve l opiitcn L of 

increased NADPH2 oxidation capacity. This suggests that the glutatl1ione 
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reductase may be part of the mechanism which. protects chloroplast components 

against damage by high o2 concentrations. 

The specific role of the reported glutathione reductase activity 

is un::no\'m. It could, hO\·:ever, regulate the ratio of GSH to GSSG. The 

concci,t:·at ion of t,he reduced form should increase during i lluminat io1 as 

a result of highet· N/\OPH2/NAOP ratios (8) and the higher GSH concentrations 

m<1Y prot('Ct _sensitive SH gt·oups in a high oxidant environment. It is· 

possihle ulso tha.t the enzyme could regulate enzyme activity more directly 

ll_y rt:c~·:c!:inJ, or oxidation of sulfhydt'O ~woups of proteins. 

'· 
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Table l Requirements for glutathione reductase activity 

Treatment 

--------------
Control 

- N!\DPH
2 

- Enzy1:12 

- GSSG 

Boiled enz_y';',"S 

.100 340/min 

0.055 

0 

0 

0.003 

0.003 

<O.OCJ2 
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Table 2 · Inhibition of glutathione reductase by ZnC1 2 

Molar c.onc. L'DD 340/min 
" 

-------
Control 0.060 

r: 10-:..> 0.050 
1: 

2x 10-::> 0.043 

5 X 10-5 0.025 

10-4 0 (0.003) 

'· 
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Table 3- Effect of 'r'lashing chloroplast pellet ·on glutathione 

I·! ash 

? I·: ash~,~; 

3 l·lctshcs 

reductase activity* 

~moles/min:* 
per mg protein 

0.28 

0.32 

0.34 

~moles/min* 
per mg chlorophyll 

0.43 

0.54 

0.65 



-]5-

lJ~Je 4 Ferredoxin-stimulated NADPH2 oxidation 

Treatment 600 340/min 

---·----

Control 0.070 

- E + Ferredoxin (FLJ)* 0.002 

- GSSG 0.003 

- GSSG + Fd 0.030 

- GSSG + Fd 0.1 m;·i ZnC1 2 0.015 

Fd* 0.4 rng of Ferredoxin per ml. The conmercial prepcrc:tion of 

fe1-redoxin \·:as dialyzed before use ogainst pH 7.5 Tris buffer 

for over 24 hrs. 

"-' 
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Table 5 Glutathione reductase activity of commercial RuDP 

carboxylase preparatios 

Control* 

- GSSG 

- GSSG - N/\DPH2 

- Nf\lWH2 + N/\DH2 
-4 Control + 10 M ZnC1 2 

* 1.5 m9 f\uOP carhoxylase per rnl 

600 340/min 

0.105 

0.020 

0 

0.003 

0 
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Table 6 Effect of enzyme storage on NADPH2_ oxidation blank 

Initial fresh enzyme 

Preparation stored 3 hrs Air 

Prepcwat ion sLoru1 3 hr N2 

l-!moles NADPH2 
oxidized 

0.0024 - 0.0064 

0.016 - 0.037 

0.0048 

The reaction mixt~Te contained 0.05 i·1 Tris pH 7.5, 0.15 n;i·l 

NADPH2 and 50 JJl of enzyme JWeparation per milliliter. 
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FIGURE LEGENDS 

Fig. l. Effect of pH on the rate of NADPH2 o~idation by 

glutathione reductase. 

Fig. 2. Effect of increasing concentration of oxidized glutat~ione 

on NADPH2 oxidation by spinach chloroplast stroma enzymes. 
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