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ABSTRACT

Camel lens s-crystallin/NADPH:quinone oxidoreductase activity was inhibited

by trinitrobenzene sulfonic acid (TNBS) with NADPH as an electron donor and

dichlorophenolindophenol (DCIP) as an electron acceptor in a time-independent but

concentration dependent manner. The rco of TNBS was 30 ulvl. The inhibition was

noncompetitive with respect to DCIP as deduced by Lineweavcr-Burk plots. The

estimated inhibition constant (Ki) was 35 u M.

The inhibition of s-crystallin by TNBS will give an insight into understanding

the catalytic activity of this enzyme whose function. nature of active site and

importance are yet to be fully established.

To whom correspondence should be addressed.
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INTRODUCTION

s-crystallin is expressed at very high levels In the lenses of two groups of

mammals: camel ids and some hystricomorph rodents like guinea pig and is composed

of four identical 35 KDa subunits (1.2). It is present at enzymatic levels in other

tissues including liver and kidney, indicating that it must have an important metabolic

role (3). From cDNA sequence, s-crystallin is distantly related to the alcohollpolyol

dehydrogenase family of enzymes, but lacks both the dehydrogenase activity and the

zinc-binding site (4). Neither the function of l;-crystallin nor the nature of its active

site. and its importance are well established. However. this enzyme has been

associated with autosomal dominant congenital cataract in guinea pig lens and. thus, is

a candidate for human congenital cataract. Also, the fact that s-crystallin reduces

certain qui nones and is present in other tissues. may suggest that this enzyme may play

an essential role in cellular metabolism.

Quinones are the only biological compounds so far identified as substrates for

s-crystallin. However, unlike other quinone reductases such as DT -diaphorase and

carbonyl reductase this enzyme appears to have limited substrate specificity and lacks

flavin moiety (6). ~-crystallin from guinea pig and camel lenses are reported to have

substrate preference for orthoquinones with 1,2-naphthoquinone and 9,10-

phenanthrenequinone being the most active (6.7). The enzyme specifically binds to

NADPH rather than NADH.

It is of interest to note that some quinones are inhibitors rather than substrates

of ~-crystallin. Camel lens ~-crystallin is inhibited by juglone (5-hydroxy

naphthoquinone) (8) whereas the same compound is a substrate for guinea pig lens s-

crvsrallin (6). lA-benzoquinone is a fairly active substrate for the enzyme from both

guinea pig and camel lenses (6.7). Chlorinated 1.4-benzoquinones were reported to

inactivate Glutathione-S-transferase by covalent modification of a cysteine residue in

or near the active site (9).

Much information about catalytic activity of an enzyme can be gained from its

inhibition studies. especially if the enzyme has limited range of substrates, as is the



case of S-crystallin. In order to elucidate the nature of the active site of ~-crystallin a

series of inhibition kinetic studies were carried out (13.14).

Trinitrobenzene sui tonic has been used as a colorimetric reagent for the determination

of primary amines. amino acids and peptides. Trinitrobenzene sulfonic acid is known

to react with -NH2 and -SH groups in the side chains of amino acids.

When TNBS reacts with turkey ovomucoid. a rapid loss of trypsin-inhibitory activity

of the ovomucoid occurs. A similar rapid rate is observed for the reaction of one amino

group: this fast-reacting amino group is thus thought to be essential for inhibitory

activity.

This study reports the effect of 2. 4. 6-trinitrobenzene sulfonic acid (TNBS) on the

activity of camel lens S-crystallin. Kinetics studies showed that the compound

inhibited the enzyme in a noncompetitive fashion.

MATERIALS AND METHODS

Materials: NADPH. was purchased from Sigma Chemical Company St. Louis. USA.

2, 4. 6-trinitrobenzene sulfonic acid CTNBS) was purchased from Fluka Chemica-

Biochernica. Oiclorophenolindophenol COCIP) was purchased from BDH Chemicals.

Poole. England. All other chemicals used were of analytical grade.

Preparation and assay of camel lens S-crystallin: S-crystallin was purified from

camel lens as described previously (3). The NAOPH:OCIP oxidoreductase activity of

camel lens ~-crystallil1 was determined by measuring the initial rate of DCIP reduction

at 600nm and 22" C. using Perkin Elmer Lambda 38 recording spectrophotometer. A

molar extinction coefficient of 21 x IOJ M·I cm·1 was used to calculate the enzyme

activitv. A standard reaction mixture of a final volume of 1 ml contained O. I M Tris-

HCI pH 7.g contauung 0.2 mM EDTANa2 (assay buffer). I00 ~M NADPH, 8~M
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DCIP and 1.0 ug enzyme. The reaction was initiated by addition of the purified

enzyme.

For inhibition studies. assays were initiated by addition of the enzyme. which was pre-

incubated with the inhibitor for 5 minutes. Blanks lacking either enzyme or substrate

were run routinely. DCIP was dissolved in absolute ethanol. The final concentration

of alcohol in the assay mixture never exceeded 1% and this percentage did not affect

the CnL)I11C activity. Measurement of the initial rate of the reaction was made in

triplicate at each concentration of substrate or inhibitor.

Kinetics studies: Kinetics analyses were conducted using four concentrations of TNBS

(0. I:'. 30. and 60 pM) with varying DCIP concentration (4. 6. 9. 12. 15 and 18 iJM)

while the concentration of NADPH was held constant at 100 u M. The nature of the

inhibition produced was determined by analysis of double reciprocal plots of initial

velocity versus DCIP concentration. The primary and secondary plots were obtained

using the Grali: computer program ( 10).

Protein determination: The protein content was determined by the method of Bradford

(11) using bovine serum albumin as standard.

RESULTS AND DISCUSSION

The inhibition of ~-crystallin by TNBS at all concentrations tested was

independent of the pre-incubation period. The onset of inhibition was virtually

instantaneous. and neither! ADPH nor DCIP protected the enzyme. NADPH protected

the guinea pig lens (-crystallin and other reductases against loss of activity on

incubation with sulfhydryl modifying agents and H202 (12). However, NADP}f did not

protect camel lens ~-crystal I in agai nst ci bacron bl ue (1 3) whereas, it provided

protection against inhibitory effect of coumarin derivatives (14).
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The inhibitory effect of TNBS on the activity of camel lens s-crystallin is

presented in figure 1. Various concentrations of TNBS (15-60 irM) inhibited the

enzyme (35-70%) in a concentration-dependent manner. The {C50 of the inhibitor was

30 ~lM.

Lineweaver-Burk plot of ~-crystallin activity 111 the presence of different

concentrations of TNBS (0.15'}0 and 60 uM) showed noncompetitive with respect to

DCIP (figure 2). The inhibition constant (K,) was 35 u M determined by re-plotting the

slopes of the primary Lineweaver-Burk plot versus TNBS concentrations (figure 3).

The fact that ["NBS showed noncompetitive inhibition with respect to DCIP as well as

lack of protection against its inhibitory effect by both NADPH and DCIP suggests that

TNBS binds to site(s) of the enzyme other than NADPH or DCIP binding sites.

Chlorinated lA-benzoquinones have been reported to inactivate Glutathione-S-

transferase by covalent modification of a cysteine residue in or close to the active site

(9). However. complete modification of the cysteine residues never resulted in

complete inactivation. suggesting that. inactivation may be the results of steric

hindrance rather than modification of a cysteine residue involved in the catalytic

mechanism (15). The inhibition of ~-crystallin by TNBS was completely reversible

even at 1 mM concentration. This rules out any covalent modification of amino acid

residue: s).

Camel lens ~-crystallin was inhibited by cournarins: the phenolic hydroxyl group at C-

4 position of coumarins skeleton was suggested to be essential for the inhibition (14).

Further investigations are in progress to understand the mechanism of the

inhibition of camel lens ~-crystallin by TNBS. which may contribute towards

elucidation or the structure of this enzyme.

."'•....
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Figure I· Camel lens ::;-crystallin inhibition as a function ofTNBS concentration.

The concentrations ofNADPH and DCIP were I OOpM and 8~lM respectivelv.
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Figure 3: Secondary replot ofthe slope values derived from [he primary
I incwcnvcr-Burk pint \CfSIIS TNI1S concentrations


