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Predominating the protein profile of the lens are the
crystallins, low molecular weight proteins that compose 90%
of the mass of the lens [1,2].  Of the three crystallin classes, α,
β, and γ, α-crystallins predominate.  Amino acid/DNA sequenc-
ing has shown that α-crystallins are evolutionarily related to
small heat shock proteins, a finding that is intellectually satis-
fying when viewed in relation to long term protein stability in
the lens [3-5]. Additionally, α-crystallins have been demon-
strated to have chaperone-like activity in vitro, protecting het-
erologous proteins from insults [6-14].

The protective effects of α-crystallin toward heterologous
proteins was first demonstrated by the heating of alcohol de-
hydrogenase (ADH) in the presence and absence of α-crystal-
lin [6].  At 48 °C, in the absence of α-crystallin, ADH aggre-
gates and this aggregation can be monitored by light scatter-
ing.  In the presence of α-crystallin, heat induced aggregation
is eliminated.  Numerous other metabolic enzymes were also
found to be protected from thermally induced aggregation.
The enzymatic activities of the enzymes studied were not re-
ported; inactivation was mentioned although data were not
presented.

Subsequent to the intial report by Horwitz, other investi-
gators found that α-crystallin offered protection from addi-
tional insults. Obi and coworkers reported a reduction in UV
induced protein aggregation by α-crystallin [9].  Harding and
coworkers reported that α-crystallin protects catalase from
steroid inactivation and 6-phosphogluconate dehydrogenase
from carbamylation [7,8,10].  Harding and coworkers also
reported protection of enzymatic activity by α-crystallin, a
function not provided by control proteins [7,8,10]. In a sepa-
rate report that examined aggregation as a measure of protein

denaturation, α-crystallin was shown to prevent aggregation
while enzymatic activity was lost [14]. Thus, α-crystallin
seemed better able to prevent protein aggregation than pre-
serve enzymatic activity. How these two phenomena differ is
unknown.

From a protein stability standpoint, the chaperone/thermo-
protective activity of α-crystallin could prove to be useful.  In
other research areas, in vitro stabilization of proteins includes:
stabilization of thermolabile enzymes by trehalose [15] or the
heat shock protein dnaK [16], the interaction between sorbitol
and lysozyme [17], and the effects of Ca2+ and sugars on re-
combinant DNase I [18].  Notable for discussion here is the
recognition that some compounds can have appreciable stabi-
lization/survival effects on intact cells and that methods taken
to increase intracellular protein stability can have beneficial
consequences for higher organisms.  For example, recent re-
ports documenting the increased stability of isolated platelets
in the presence of antarctic fish antifreeze proteins [19] and
the increased survival of heat shock protein expressing cells
when ischemically stressed shows how single proteins can
perform cellular life saving functions [20,21].  In addition,
transgenic plants that produce the protein stabilizing, small
molecular weight compound betaine are found to be more re-
sistant to salt and cold temperature stress [22]. Recently, αB
crystallin has also been shown to increase survival of E. coli
that are exposed to heat shock [23].

We report a series of experiments designed to test the pro-
tective effects of α-crystallin with respect to enzymatic activ-
ity.  We have chosen to use readily available, well character-
ized restriction enzymes as the enzymes to assay for α-crys-
tallin chaperone activity.  Our rationale was that (1) restric-
tion enzymes are completely heterologous to α-crystallin (2)
they are commercially available at low cost (3) their enzy-
matic activities, including heat inactivation properties are well
characterized and (4) they are rapidly and easily assayed for
activity. With this system, we have found that the restriction
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during some enzymatic reactions may be beneficial.



enzyme Nde I is protected by α-crystallin from thermal inac-
tivation.  In addition, in the presence of α-crystallin, at el-
evated temperatures, Nde I exhibits enhanced enzymatic ac-
tivity.

METHODS
Purification of α-crystallin:  Total crystallins were extracted
from bovine lenses obtained from Alpine Meat (Stockton, CA);
α-crystallin was purified by gel filtration chromatography on
a Pharmacia HiLoad 16/60 Superdex 200 column (Pharmacia,
Piscataway, NJ). Briefly, decapsulated whole lenses were par-
tially homogenized by stirring in buffer and the resulting cel-
lular suspension disrupted by Dounce homogenization.  The
solution was centrifuged (15000 rpm, Sorvall SS-34 rotor) and
the supernatant retained.  The solution was filtered through a
0.2 micron filter and then chromatographed on a SuperDex
column connected to a Pharmacia Fast Protein Liquid Chro-
matography (FPLC) system.  High molecular weight α-crys-
tallin complexes eluting in the void volume were pooled.  The
majority of α-crystallin was frozen and stored at -20 °C. Pro-
tein concentration was determined using the Pierce BCA kit
(Rockford, IL).

Restriction enzymes were purchased from either Life
Technologies, Gaithersburg MD or New England Biolabs,
Beverly, MA.  Enzymes were used with the manufacturers
supplied buffer or the buffer indicated in the results.  Enzyme
activities were used as reported by the manufacturer. Where
dilutions were performed, they were performed by dilution of
the enzyme into a room temperature solution that was 1x re-
action buffer final concentration.  Enzymes were not diluted
into enzyme storage buffer or any other buffer containing glyc-
erol or other protein stabilizing agents.

Restriction enzymes were assayed by cleavage of plas-
mid DNA for which the corresponding site was present.  Plas-
mid DNA was prepared by either CsCl ethidium bromide ul-
tracentrifugation or by Qiagen MaxiPrep columns (Qiagen,
Santa Clarita, CA).  Extent of restriction enzyme cleavage was
estimated by ethidium bromide staining of plasmid DNA fol-
lowing electrophoresis on agarose gels.

Incubations of restriction enzyme/α-crystallin/bovine se-
rum albumin (BSA) mixtures was performed in a Minicycler
(MJ Research, Watertown, MA), programmed to the appro-
priate temperature.  Incubations were performed in 500 µl tubes
with mineral oil covering the sample during incubation.  Usual
incubation volumes were 10 µl.  Typically, 1 µl of enzyme (20
units of Nde I) was added to a tube containing 1 µl of 10x
restriction enzyme buffer, and α-crystallin (1 or 5 µl of a 10
mg/ml concentrated stock) and water to a final volume of 10
µl. To assay the enzyme activity of the heat treated samples, 1
µl (2 units of Nde I) of the sample was used to digest 200 ng
of plasmid DNA in a volume of 10 µl at 37 °C.

RESULTS
Effect of α-crystallin on restriction enzyme digestion:  To de-
termine whether the partially purified α-crystallin had inhibi-
tory effects on restriction digestion of DNA, we assayed sev-
eral commonly used restriction enzymes for activity in the
presence of α-crystallin.  The commonly used restriction en-

zymes, Bam HI, Hind III, Nde I, Pst I and Sst I all remained
active in the presence of α-crystallin. For this experiment, a 5
fold excess of each enzyme (5 units) was incubated for 1 hour
with 1 µg of plasmid DNA using manufacturers supplied buffer.
Each reaction also contained 1 µl of the purified α-crystallin
(10 mg/ml), final concentration, 1 mg/ml. Each selected en-
zyme digested the plasmid to completion indicating that α-
crystallin had no major detrimental effects on restriction en-
zyme digestion (data not shown).

To assay the ability of α-crystallin to protect restriction
enzymes from heat inactivation, we chose the enzyme Nde I.
Unlike the other enzymes initially assayed, Nde I can be inac-
tivated by heating. Our initial experiments showed that α-crys-
tallin at 1 mg/ml protected Nde I from inactivation during a
30 minute, 50 °C incubation. Subsequent experiments showed
that a higher concentration of α-crystallin (5 mg/ml) provided
protection from inactivation during a 1 hour incubation at 50
°C (data not shown).

Hypothesizing that the effect of α-crystallin could be
achieved by any added protein, we performed experiments
using α-crystallin and acetylated BSA as added protective
agents.  The concentration of BSA in these experiments was
recommended by the supplier (100 µg/ml).

Lanes 1-3 of Figure 1 show uncut plasmid (control 1),
Nde I digested plasmid (control 2) and Xho I digested plas-
mid (control 3). Lanes 4-6 are restriction fragments produced
by different aliquots of Nde I (20 units in a final volume of 10
µl) subjected to 50 °C for 1 hour. Lane 4, shows the results of
digestion by Nde I heated with no exogenously added protein;
lane 5, Nde I plus added α-crystallin (5 mg/ml final concen-
tration).  The Nde I used in lane 6 was heated in the presence
of acetylated BSA (100 µg/ml). The pattern of DNA fragments
in lane 5 indicates complete digestion.  In contrast, lane 6 shows
incomplete protection of Nde I from heat inactivation. Lane 6
demonstrates that the recommended concentration of BSA
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Figure 1. Protection of Nde I from heat inactivation by α-crystallin
and BSA. Lanes 1-3 are controls C1, uncut plasmid; C2, Nde I di-
gested plasmid; C3, Xho I digested plasmid.  Lane 4, Nde I incu-
bated without any added protein.  Lane 5, Nde I incubated with α-
crystallin.  Lane 6, Nde I incubated with BSA. 1 kb ladder DNA
standards are in the lane M.



included at the time of heat treatment either provides no pro-
tection or protects only a small fraction of Nde I from heat
inactivation.  Note the small amount of plasmid DNA con-
verted to the linear form (compare to lane 3), and the 1.8 kb
fragment indicative of complete digestion (compare to lane 2
or 5).  This experiment demonstrates that the thermo-protec-
tive effect offered by α-crystallin is not provided by BSA.

Because the concentration of α-crystallin in the heat treat-
ment was much higher than the concentration of BSA, we as-
sayed the ability of higher concentrations of BSA to protect
Nde I from heat induced inactivation. Contrary to expecta-
tions, more BSA in the heat treatment step was not beneficial
(data not shown).

With the thermal protective effect of α-crystallin demon-
strated, we examined the effects of α-crystallin on restriction
digestion. In addition to digestion at the normal temperature
of  37 °C we performed reactions at the elevated temperature,
50 °C.  For these experiments, Nde I was diluted 1:100 into
1x restriction enzyme digestion buffer.  The resulting solu-
tion, 0.2 units per µl, was used as the restriction enzyme in a
series of digestions.  Figure 2 shows the results of these diges-
tions.

As in the previous figure, lanes 1-3 show the control re-
actions C1-3. Lanes 4-9 show the results of digestion of 200
ng of plasmid DNA with 0.2 units of Nde I under different
conditions.  Lanes 4 and 5 show the restriction enzyme diges-
tion products obtained by digestion with Nde I at 37 °C (lane
4) or 50 °C (lane 5).  Lanes 6 and 7 show digestions performed
in the presence of 5 mg/ml α-crystallin; lane 6, 37 °C and lane
7, 50 °C.  Lanes 8 and 9 show identical reactions performed in
the presence of 1 mg/ml BSA;  lane 8, 37 °C and lane 9, 50
°C.  When compared to the control reaction C2, only lanes 6
and 7 show a complete digestion pattern.  Lane 6 contains a
trace of partially digested plasmid DNA while lane 7 shows
that the plasmid DNA has been digested to completion.  All
incubations were for 1 hour, a theoretically appropriate amount
of time for 0.2 units of enzyme to digest 200 ng of plasmid
DNA.  Thus, in the presence of α-crystallin, Nde I exhibits
greater activity at 50 °C than in any other condition assayed.

DISCUSSION
We have presented data to show that bovine α-crystallin acts
as a thermal protective agent for the bacterially produced re-
striction enzyme Nde I.  Our data show that α-crystallin pre-
vents heat induced inactivation of Nde I and, within the ex-
periments described, an increased level of α-crystallin pro-
vides increased protection.  An important corollary is that
acetylated BSA is unable to provide the same protection, indi-
cating that α-crystallin is behaving as a chaperone. Our final
experiment demonstrates that Nde I is protected from inacti-
vation (and therefore exhibits more activity) in the presence
of α-crystallin at 37 °C and 50 °C.  In the context of previous
published experiments, these described protective effects add
further justification for labelling α-crystallin a molecular chap-
erone [6]. Additionally, they suggest a practical use for α-crys-
tallin.

Following the initial report of α-crystallin chaperone ac-
tivity by Horwitz [6], the protective effects of α-crystallin were
investigated using other experimental systems.  Harding and
coworkers have reported that α-crystallin protects catalase
from steroid induced inactivation [7,8] and 6 phosphogluconate
dehydrogenase from carbamylation [10].  In each of these
cases, enzymatic activity was monitored and the effect of α-
crystallin was profound.  Under conditions which cause 90%
inactivation, catalase in the presence of α-crystallin remains
90% active.  In these experiments, the protective effects of α-
crystallin contrasted with the inability of human albumin, egg
albumin, αchymotrypsinogen, ribonuclease and glucose oxi-
dase to provide any protection.  Interestingly, catalase activity
in the presence of α-crystallin is greater than without α-crys-
tallin, a result similar to one of the observations noted in this
report for experiments with Nde I.  The activity of 6
phosphogluconate dehydrogenase gave a similar yet not as
impressive result. Treatment which inactivated 60% of 6
phosphogluconate dehydrogenase retained 100% of activity
in the presence of α-crystallin. BSA and lysozyme, assayed
for their protective effects, initially gave very small increases
of enzyme activity but approximately half of the protection
provided by α-crystallin.

Our experiments assess the ability of α-crystallin to pro-
tect a restriction enzyme from thermal inactivation.  Initial
characterization of purified α-crystallin revealed two impor-
tant properties:  one, that the presence of α-crystallin was not
inhibitory to restriction enzyme digestion and two, the α-crys-
tallin fraction we isolated was not highly contaminated with
nucleases which would have degraded the plasmid DNA used
for activity assays.  With a partially purified α-crystallin frac-
tion exhibiting these characteristics, we could then perform
the intended experiments.  Although we began our experiments
with a number of commonly used restriction enzymes, we
concentrated on the less than ideal restriction enzyme, Nde I.
This enzyme, as noted in the New England Biolabs catalog,
has a half life at 37 °C of 15 minutes.  The other enzymes
initially assayed displayed heat stability and so were not can-
didates for thermal protection by α-crystallin. They have not
been assayed for increased cleavage activity at elevated tem-
peratures in the presence of α-crystallin.
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Figure 2. Restriction enzyme digestions performed in the presence
of α-crystallin or BSA. Lanes 1-3, C1-C3.  lane 4, Nde I 37 °C; lane
5, Nde I 50 °C, lane 6, Nde I plus α-crystallin, 37 °C; lane 7, Nde I
plus α-crystallin 50 °C; lane 8, Nde I plus BSA 37 °C; lane 9, Nde I
plus BSA, 50 °C. 1 kb ladder DNA standards are in lane M.
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Using purified α-crystallin, our experiments conclusively
show that α-crystallin can prevent heat induced inactivation
of Nde I. As shown in figures 1 and 2, this protection was
much greater than acetylated BSA which is often recommended
for addition to restriction digestion reactions.  While the pro-
tein concentrations of α-crystallin and BSA were not equal,
the concentration of BSA used was recommended by the manu-
facturer or slightly higher.  We found that very high concen-
trations of BSA inhibited Nde I (data not shown).  In contrast,
at high concentrations, not only does the α-crystallin not in-
hibit Nde I, it provides increased thermal protection.

From the onset, we chose to examine preservation of en-
zymatic activity and not protein aggregation.  Monitoring the
aggregation of restriction enzymes would have consumed
much larger amounts of the enzymes and would have been
much more expensive.  Studying the enzymatic activity was a
more sensitive method to examine the gross effects of heat-
ing.  While our results do not determine whether or not Nde I
aggregated during incubation at 50 °C in the presence of α-
crystallin, we know that if it did so, it retained its enzymatic
activity.  As the aggregation of any enzyme would be expected
to lower its activity, we feel it likely that the presence of α-
crystallin prevented both aggregation and inactivation.
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