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Successful renaturation
of several oligomeric enzymes after
denaturation
by sodium dodecyl sulfate is described.
The
results obtained suggest a general procedure for reactivation
of enzymes after treatment with this detergent.
Proteins in
dodecyl sulfate solution are first incubated
in concentrated
urea and are then freed of the detergent by an anion exchange resin.
The resulting
dodecyl sulfate-free
proteins
can be renatured from urea solution by standard procedures.
This method has also been used to recover enzymatic
activity in moderate yields of some proteins after electrophoresis on polyacrylamide
gels in the presence of sodium
dodecyl sulfate.

Exposure to sodium dodecyl sulfate causes denaturation
of
proteins and dissociation of oligomeric structures.
Recent studies have shown, that a variety of proteins bind identical amounts
of SDS on a weight to weight basis. Above a SDS-monomer
concentration
of 8 x 10m4 M, 1 g of protein binds 1.4 g of SDS
(1, 2). Studies of the hydrodynamic
and optical properties of
the resulting protein-SDS complexes indicate rodlike particles in
which the molecular length varies uniquely with the molecular
weight of the polypeptide chain (3, 4). This general mechanism
for SDS-protein
interaction
explains why the electrophoretic
mobilities of numerous polypeptide chains upon electrophoresis in
SDS-polyacrylamide
gels are found to be solely dependent on
their molecular weights (5, 6).
Denaturing agents like urea or guanidine hydrochloride
transform proteins into an random coil conformation
(7) and the removal of these agents is generally accompanied by recovery of
the native structure (8, 9). However, renaturation
of proteins
from SDS, which tightly binds to proteins, has thus far not been
obtained.
Given the ability of proteins to regain their native
conformation in an appropriate renaturing environment, we have
studied the conditions for renaturation
after exposure to SDS of
several oligomeric proteins.
Preliminary
results on the successful reconstitution
of aspnrtate transcarbamylase
(10) led us to a
general procedure for the renaturation
of enzymes from SDS.
AND

METHODS

Chen&&-Dowex
AG l-X2 (200 to 400 mesh) was obtained
from Bio-Rad
(Richmond,
California).
It was exhaustively
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washed on a Buchner funnel with the following solvents: 2 N
NaOH, distilled water, 4 N acetic acid, distilled water, and finally
0.05 M Tris-acetate buffer, pH 7.8. The resin was stored in this
solution for several weeks. Prior to use a small amount of resin
was equilibrated in a centrifuge tube with Buffer A (0.05 31 Trisacetate, pH 7.8, 0.01 1112-mercaptoethanol),
6 nf in urea, if not
otherwise specified.
Reagents for polyacrylamide gel electrophoresis have been described previously (6) with the following exception.
We have
routinely
used high purity grade acrylamide
(Bio-Rad)
and
sodium dodecyl sulfate (“Sequenal
grade,” Pierce Chemical
Company, Rockford, Illinois) without recrystallization.
Sephadex G-200 was obtained from Pharmacia.
Urea was
purchased from the R Plus Company (Denville, New Jersey) and
used without recrystallization.
rren solutions were freshly made
prior to use. %sodium
dotlecyl sulfate was obtained from
Amersham-Searle,
Des Plaines, Illinois (11.8 mCi per mnf). All
chemicals used were reagent grade if not otherwise specified.
Proteins-Aspartate
transcarbamylase
from Escherichia coli
and its catalytic subunit were isolated as described by Gerhart
and Holoubek (11) and assayed as previously reported
(10).
RNA-polymerase
from E. coli n-as purified by the procedure of
Berg, Barrett, and Chamberlain
(12) and assayed as reported by
Burgess et al. (13). Lac repressor of E. coli was a gift of T. Platt
and had been purified by the procedure of Gilbert and >IuellerHill (14). The inducer-binding
activity for isopropyl-l-thio-Pn-galactopyranoside
was assayed by the l\lillipore
assay of Riggs
and Burgeois (15). P-Galactosidase from E. coli was available
as a partially purified preparation
and as crystallized enzyme
(gift from Dr. R. Weil).
The enzyme was assayed as described
by Paigen (16). Rabbit muscle aldolase was the commercially
available crystalline product from Worthington
and was assayed
as described elsewhere (17). R17 coat protein was prepared
from E. co& bacteriophage
R17 as described previously
(18).
Bovine serum albumin (Fraction V, B grade) was obtained from
Calbiochem.
Removal of SDX by Dower I-X2 in BuJered Urea Solution-In
these experiments proteins at a concentration of 2 mg per ml were
incubated for at least 1 hour in 15; SDS at room temperature.
When higher protein concentrations
were used, SDS was always
present in at least a 5-fold by weight excess to assure complete
dissociation.
To avoid disulfide formation,
all solutions were
maintained at 0.01 nf in 2-mercaptoethanol.
The hydrodynamic
studies of Reynolds and Tanford (3) as well as earlier sedimentation studies (19, 20) show that dissociation is complete under
these conditions.
After this treatment,
the protein solutions
were made 6 M in urea either by adding solid urea and incubating
for 30 min or by dialyzing
for 1 hour
at room
temperature
against
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Buffer A (0.05 M Tris-acetate, $1 7.8,O.Ol M 2-mercaptoethanol),
6 M in urea. The SDS was removed by passing the protein solutioi1.i through a small column (1 cm diameter, 10 to 15 cm length)
of Dowex l-X2 equilibrated
with Buffer A, 6 M in urea. The
column was develol,ed with the same solvent.
Protein-containing fractions of the effluent were pooled.
Such a column,
packed with t,he resin and run at a rate of 0.5 ml per mm, binds
at least 100 mg of SDS for every milliliter of the settled resin.
An alternative procedure was used with very small volumes
containing SDS. A thick susl)eiision of Dowex l-X2 was directly added into the protein-SDS-urea
solution.
After incubating for 5 to 30 min, the resin was removed by passing the suspension through a I-ml Tuberculin
syringe equipped with either a
very fine needle or a needle plugged with a small amount of glass
wool. Application of gentle pressure with the plunger allows the
solution to pass through the needle while the resin is retained.
Reconstitution from Ureu Sol&ion-Proteins
were usually reconstituted at room temperature
by dropwise dilution into Buffer
B (0.05 M Tris-acetate,
111~ 7.8, 0.01 M 2-mercaptoethanol,
0.1 m&f EDTA) so that the final dilution was at least IO-fold.
Any insoluble material apl)earing during dilution was immediatcly removed by centrifugation.
Such precipitation
was often
avoided by adding boviric serum albumin t,o Buffer B at a conceirtration of 0.1 mg per ml. The solutions were concentrated by
ultrafiltration
in a small Amicon cell (TM10 membrane) and
filially dialyzed against Buffer I< to remove residual urea. All
operations after dilution were carried out at 4”. Protein concentration was dctermincd by the Lowry method or by optical
delisit)- at 280 nm. Standard enzymatic assays were 1)erformed
in t,riplicate.
Aldolasc was optimally reconstituted from urea by dilution as
above or by dialysis with the lnocedure of Stellwagen
and
Schachman (21). Enhanced yields of P-galactosidase were obtailred by following the method of T’llmann and AIonod (22).
Although Zac repressor was optimally reactivated from Buffer B,
the reactivated protein was more stable when diluted into Buffer
B in which 1 M Tris-IHCl substituted for 0.05 M Tris-acetate.
RNA-polymcrase
(0.3 mg) was treated in 0.5 ml of 0.02 M TrisHCl, pH 8, with SDS at a concentration of 0.3%. After 3 hours,
the solution was dialyzed for 1 hour at room temperature against
Buffer C (0.5 M Tris-acetate, pII 8, 0.01 M magnesium acetate,
0.02 M 2.mercal)toethanol,
1 mar EDTd, 6 M urea) 20% in glycerol, and 0.17, in SDS. Dowex l-X2 was equilibrated
with
Buffer C. After treatment with this resin the SDS-free protein
was dialyzed against Buffer C, 205;, in glycerol, for 1 hour at
room temperature, followed by overnight dialysis in the cold
against a large volume of 0.05 LI Tris-acetate,
pH 8 (0.01 M
magnesium acetate, 1 InM EDTA, 0.15 M NH&l, 20% glycerol,
0.02 M 2-mercaptoethanol).
After dialysis the sample was kept
for 45 min at room temperature
and then cooled to 4”. Enzymatic activity was determined after the final incubation at room
temperature (23).
Polyacrylamide
Gel Electrophoresis in 0.1 y0 SDS-Gel
electrophoresis on 5 and 10% ncrylamide gels was performed essentially
as described by Weber and Osborn (6). Gels used for recovery of
protein were routinely prerun with a low molecular weight protein. R17 coat protein (molecular weight 13,800) was dissolved
at a concentration of 2.0 mg per ml in 1 7. SDS, 1 7. 2-mercaptoethanol, 0.01 M sodium phosphate buffer, pH 7.0, and then
dialyzed against 0.1% SDS, O.lg, X-mercaptoethanol
in the
same buffer. Each gel WXH loaded with 50 to 100 pg of protein
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in this solution.
Electrophoresis
was performed at 4 ma per
tube for 3 hours longer than the period required for the dye
(bromlmenol
blue) to reach the bottom of the gel. Staining of
such gels revealed no residual protein material.
To avoid
changes in pI1 of the running buffer the buffer in the reservoirs
was changed twice during the electrophoresis.
Gels were also prerun with 50 ~1 of a solution containing 0.01 ‘/b
crystal violet and 0.1 7. SDS in 0.01 M sodium phosphate buffer,
pH 7. Under these conditions the dye migrated to the anode,
probably because of complex formation with dodecyl sulfate
anions.
“Preparative
gels” were run at 3 ma per tube. After
electrophoresis the gels were sliced into four longitudinal
pieces
wit,h the slicing device described by Fairbanks, Levinthal, and
Reeder (24). While three strips were kept in Saran JVrap to
prevent drying, the fourth was stained for 15 min in Coomassie
brilliant
blue staining solution and destained by diffusion in
destaining solution (6). The protein bands became visible after
60 to 90 min. The corresponding pieces of the three other gel
strips were cut out, transferred into test tubes, and covered with
0.175 SDS solution.
Up to 0.5 ml of solution was used. Incubation was performed for 6 to 12 hours at room temperature.
The eluate was then dialyzed for 1 hour against Buffer A, 6 M in
urea, alrd treated with Dower: l-X2 as described above for small
sample volumes.
After removal of SDS the urea solution was
made 0.01 M in 2-mercapt,octhanol
and incubated for 2 hours at
room temperature before reconstitution.
Gel Wtration
on Sephadez G-200 in 1.0% SDS-&hades
G-200 was equilibrated
in lo/c SDS, 0.01 M NHIHCO,,
and a
column (70 x 3 cm) was filled with the resin. The column was
standardized
with 1)roteins of well characterized
polypeptide
chain molecular weights (4, 10). Of a 10% SDS solution, 0.5
ml was added to 1 ml of aspartate transcarbamylase
solution
(10 mg per ml) in 0.1 M Tris-acetate, pH 7.5, and the mixture
dialyzed for 8 hours against 1% SDS. Of the protein solution,
1.5 ml were applied to the G-200 column.
As reported elsewhere
(lo), two protein peaks corresponding to the catalytic and regulatory polypeptide
chains of this enzyme were found.
Their
K. values corresponded
to the known molecular weights of
these polypeptide
chains. l’rotein-containing
fractions were
pooled and lyophilized.
The dry powder was dissolved iii 107,
of its original volume, dialyzed against Buffer A, 6 M in urea,
and incubated for several hours to assure complete reduction of
all cgsteine residues. The solution was passed through a IO-ml
column of Donex l-X2, equilibrated,
and developed as described
above.
Sedimenfafion
Velocity Analysis-Sedimentation
coefficients
of rematured enzymes were obtained by centrifugation
in a
Spinco model E ultracentrifuge
equipped with schlieren optics.
All runs were performed at 20” in a cell with 30.mm path length
with an AN-B-E rotor at a speed of 50,740 rpm. The protein
concentrations
were approximately
1.4 mg per ml. Sedimentation coefficients were calculated and compared with the values
obtained in parallel runs with native proteins.
Buffer B was
used in all experiments if not otherwise specified.
The sedimentation coefficient of renatured P-galactosidase was obtained
by sucrose gradient centrifugation
(25) with native @-galactosidase and bovine catalase as marker proteins in parallel gradients.
Fingerprint
Analysis of Proteins Eluted from SDS Gels--Protein bands are localized (see above) and corresponding gel slices
eluted with 0.1% SDS in 0.05 M NH~HCOI.
The eluates are
concentrated by lyophilization
and redissolved in a small volume
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of 6 M urea, 0.05 M NH,HCOz.
SDS is removed by treatment
with Dowex l-X2 equilibrated
with the same solvent.
Urea
and salt cnu be removed by dialysis against water.
Tryptic
digest,ion can also be performed on the l)rotein in urea solution
after s-fold dilution with water.
The tryptic digest is applied
t,o a small column of Dowes 50-X2 (H+ form) and the urea removed by washing with distilled water. The Ileptides are then
stripped from the resin with 2 M NH4011 and the ammonia removed from the effluent by lyophilization.
For very small
amounts of radioactively
labeled protein:: addition of a carrier
prot,rin after elution from the SDS gel is adrisal)le.
RESULTS

Removal of SDX-Earlier
nttcmpts to remove SDS from protein solut,ions by prolonged dialysis have given ambiguous results.
Putnam and Neurath reported incomplete removal by dialysis
and suggested precipitation
with barium salts (26). However
proteins thus recovered showed increased electrophoretic
mobilit,ies indicating residual SDS binding.
Furthermore
l\lcl\Ieekin
et al. noticed that the precipitation
procedure was not successful
since they obtained a stable complex of 2 molecules of SDS per
molecule of P-lactoglobulin
from which they were unable to
dissociate the detergent by dialysis or t,reatment m&h barium
hydroxide (27). Pitt-Rivers
and Impiombato
have reported
precipitation
of some proteins upon dialysis to remove the SDS
(1). With the exception of ribonucleasc, more recent attempts
to regain native protein structures by dialysis from SI)S solutions have also failed (28). The poor results obtained 1)~ dialysis suggested that, an alternative l)roccduro should bc found
to free proteins of the detergent.
Earlier work of Stark, Stein,
and Moore (29) had indicat)ed that SDS might be removed from
protcills by ion exchange chromatography.
In their cJsl)crimerits pancreatic ribonucltxase in SDS solution was applied to a
colurnll of Dowex 1 and the elrrtcd protein was found to be enzymatically active. However ribonuclease is not an idral protein
wit,h which to illustrate the reversibility
of binding of SDS.
Several exljeriments have shown that, it, binds SDS poorly because of the presence of disulfidc bonds which inhibit denaturation by SDS (l-3).
Consequently w-e attrmptrd
to remove SDS
from different proteins by subjecting them ill 6 JI urea solution
to the anion exchange resin Dowes l-X2.
Lrea was used to
avoid the possible precipitation
of proteins ul)on removal of
SDS, and to prevent their irreversible binding to the iou exchange resin. Presumably urea also may serve to weaken t,he
SDS-protein interactions and so enhance t,he removal of SDS.
1%~ use of s%labeled SDS it, w-as found that 1 ml of settled
Dowex l-X2 resin can easily bind 100 nag of SDS within less
than 10 min. Although
this number is lolver than the theoretical capacity of the resin (approximately
300 mg), no attempts
were made to use the full resin capacity.
Next we studied
whether all SDS molecules bound to a l)rotein molecule can be
stripped on passing the solution through the anion exchange
column.
In a typical experiment, 1 ml of a 5 mg per ml solution 0C aspartate transcarbnmylase
c>oirtaining 35 mg of 35Slabeled SDS (2 X lo7 cpm total) in Buffer B was made 6 RI in
urea by the addition of solid urea. The solution w-as passed
through a 0.6.ml column of Dowex l-X2 previously equilibrated
with buffer. The effluent WIS monitored for protein concentration and radioactivity.
Kearly quant’itative
recovery of protein (95%) and no detectable radioactivity Teas found.
Identical

by Sodium

Dodecyl

Sulfate
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results were obtained with luc rcprcssor and aldolase.
These
experiments indicate that at most only 1% of all the protein
molecules will still bind 1 molecule of SDS.
Reuctivution after Denaturution in SDS So&on--The
(xfficicll t,
removal of SDS and excellent recovery of the protein after treatment with the ion exchange resin suggested a two-step procedure
for the renaturation
of proteins after dissociation and tlenaturation by SDS. In the first step the protein-bound
SDS is rcmoved by Dowex l-X2 in urea solution yielding an SDS-free
protein.
The second step, the renaturation
of the protein from
urea, is considered to be a general property of 1)rotcins since
numerous enzymes have been reactivated from urea or guanidiucHCl solutions (for a recent discussion set (30)). The results
obtained with such a two-step renaturation
process 011 six tlifferent oligomeric proteins” are shown in Table I.
We have renatured the proteins from urea simply by diluting
the solution IO-fold, concentrating
by ultrafiltration,
and rcmoving the residual urea by dialysis.
With the exception of
RNA-polymerase
which was renatured only during dialysis, all
proteins tested could be reactivated by dilution into Uuft’er U,
although optimal reactivation
oftcll demanded more sI;ccific
renaturation
conditions.
Thus in the ~sc of aldolase only 207;,
reactivation
was obtained by dilution into Buffer B and high
reactivation (5Oc/,) was achicvcd ol11y after a change in the l)IT
of t,his buffer from 7.8 to 5.5.
IUthough we made no furthcxr attcml)ts to optimize theh(’ Kcover& for the urea renaturation
stel), it is very likcl\- that
with certain proteins better rclsults can be obtained if ;I cxcful
study of parameters like pII, tcmpc~raturc, ionic strength, salt
iolis, l)rotein concentration,
alIt lluffer type is performed.
1’11~
recovery of enzymatic activity is generally in good agrcenieilt
with the values reported in the literature for recovery after rcnaturation
from guanidine-H(‘l
or urea. The yields relmrted
in Table I range from 40 to 80:‘; with Rl\;h-polymerasc
:W au
exception, where only 15y0 reconstitution
was obtained.
HOWever, Heil and Zillig (23) as well as Lill and Hartmanll
(34)
pointed out that the renaturation
recovery of this enzyme ~11
vary. The low value obtained in this study is in the ra~lpc rcported by these authors.
Prolonged treatment &li
SDS :I:: is necessary during g:(>l
filtration on G-200 or agarosc (4, 10) does not interfere lvith the
possibility of rrcovering enzymatic activity.
Aspartatc traiiscarbamylase was dissociated in lOS{; SDS at a protein ~mcc11trat,ion of 10 mg per ml and dialyzed for A hours against 1 $A
SDS. One milliliter of the resulting solution was passed through
a G-200 column in 1 C/oSDS. The fr:lctious containing the cnt:l2 The oligomeric enzymes used in this study vary in complexity
and size of their polypeptide chains. Lac repressor and 0.galactosidase are tetrameric
molecules with identical polypeptide
chains of molecular weights 38,000 (14) and 135,000 (31), respectively. The catalytic subunit of aspftrtate transcarbamylase COIItains three identical polypeptide
chains of molecular wright
33,500. Aspartate transcarbamylasc
in its native form consists
of six regulatory and six catalytic polypeptide chains of molecular
weights 17,000 and 33,500, respectively (10, 32). The tetrnmeric
aldolasc molecule is assumed to contain two very similar polypeptide chains (33). RNA-polymerase
contains at least five
different polypeptide chains with molecular weights lFjO,OOO(p’),
150,000 (p), 95,000 (u)? 41,000 (a), and 10,000 (w), and most’ likely
has the structure,fi’@a2wz (13). The specificity polypeptide chain
c can be assayed by its st,imulatory activit,y on the catalytic complex pp’cyZwz,with E. coli bacteriophage T3 as the DNA templ:~tc
(13).
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recovery
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Methods.”

-

Recovery
-~~____
%

2

(8), we have subjected three of the

sedimentation

from

enzymes

Experiment

lytic
l~olypeptide
chain were 1)ooled (10).
After
lyophilization,
removal
of SDS, and renaturation,
the recovery
of enzymatic
activity
was approximately
497;.
SDS treatment
for periods
longer
than 50 hours
seemed
to rc,sult in somewhat
decreased
reactivation
yields.
In one case cxl)osure
of aspartatc
transcarbamylase
to 170 SDS for 70 hours (Table
I) resulted
in only
2Oo/, reactivation
in comparison
with
the 60 to 70%
usually
obtaillcd
upon incubation
for less than 24 hours.
Since recovery
of enzymatic
activity
by renaturation
from
urea is generally
accompanied
by restoration
of the native
tertirenntured

II

TABLE

of

Reacliualio~n

(22)

n Unless
otherwise
indicated,
all proteins
were treated
as described
under
“Materials
and Methods.”
b Reconstitution
by dilution
into Buffer
B in the presence
of 0.1
mg per ml bovine
serum
albumin.
The sample
had been concenkated
by lyophilization
before
treatments
with urea.
c After
removal
of SDS, the enzyme-urea
solution
was dilllted
IO-fold
into a buffer
identical
with Buffer
B but, adjusted
to pH
5.5.
rl 1:econstitution
from urea was performed
according
to Stellwagen and Schnchman
(21).
6 Determined
after renaturnlion
from 6 M urea.
/In
this experiment
the dissociation
buffer
was 0.04 M in 2mercnptoethanol
ml her than 1 hc llsual 0.02 M.

ary and quaternary

4Fio7

di-

against
was
serum
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sedimented with a value characteristic
of the native protein.3
Further evidence that the conformation of the rcnatured protein
was similar to that of the native molecules was obtained by
examining the kinetic properties of aspartate transcarbamylase.
This enzyme in its native state contains six regulatory and six
catalytic polypeptide
chains (10) and is subject to allosteric
inhibition by cytidine triphosphate which binds at the regulatory
sites. Feedback inhibition by CTI’ was present in the renatured
enzyme at a level 85% of that typical of native aspartate transcarbamylase, thus indicating
that the two different types of
polypeptide chains had correctly reassembled to form the full
enzyme. Attempts have not been made to optimize the reconstitution conditions and to obtain material with better kinetic
properties.
Attempts

to Recover

Enzymatic

Activity

after

SDS

Gel Electro-

phoresis-Since
the procedure allows the reconstitution
of very
small quantities of proteins (20 to 50 pg) with small amounts of
Dowes resin to remove the SDS, it seemed possible to attempt
reconstitution
of proteins separated on and eluted from SDSpolyacrylamide
gels. Protein bands were localized by cutting
a longitudinal
guide strip and subjecting it to staining and deAlternatively,
.;I, parallel gel was run and processed
staining.
First attempts to reconstitute
through the staining procedure.
proteins eluted from polyacrylamide
gels failed and yielded
enzymatically
inactive SDS-free l)rotcin after the ion rschnqgc
treatniellt alit1 removal of urea.
11lactivatioll of enzyme activity alld chemical modification of
native proteins has been reported in 1)olyacrylamide gel clcctrol)horesis even in buffer solutions (35-3i).
In order to avoid
t,hc action of ammonium persulfate, or possible polymerization
l)roducats of the gelling procedure, or both, which may be detrimental to protein, we previously treated the gels. Initially
rumling the SDS gels with a dye-SDS complex or a low molecular
weight protein was attempted in the hope to avoid irreversible
Both procedures allowed us to detect clnzymatic
inactivation.
activity after rlution and reconstitution.
Only slightly lower
recovery was found on gels previously treated with the dye
crystal violet than with RI 7 coat protein.
Table II surnmarized
the results obtained for the reactivation
of four different proteins after SDS gel electrophoresis.
Reconstitution
from gels
results in general in a lower recovery than the reconstitution
of
enzymes directly from SDS solution, however at least two of
the proteins, aspartate transcarbamylase
and the g protein of
RNA-polymerase,
were recovered in good yield.
DISCUSSION

Six different oligomcric proteins have been successfully rcconstituted after dissociation and denaturation
by dodecyl sulfate. The procedure involves the removal of SDS by treatment
of the protein solution in urea with Dowcx l-X2.
Reactivation
of the enzymes from the SDS-free urea solution then occurs by
dilution into buffer or by dialysis to rcmovc the urea. The
recoveries are generally high and quit? comparable to those
reported in the literature for the renaturation
from guanidine3 R.enaturation of aldolase with Buffer B yielded enzymatically
active, high molecular weight aggregates.. Upon changing the
buffer from Tris-acetate to sodium acetate (Table I), renatured
aldolase possessed a sedimentation
coefficient identical with that
of the native enzyme. Likewise Zac repressor formed enzymatitally active, high molecular weight aggregates upon dilution into
Buffer B. No attempts were made, however, to find specific
renaturation
conditon for Zac repressor.
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H<‘l or urea solutions.
Refolding of proteins after removal of
urea is assumed to be generally accompanied by the re-formation
of the native quaternary structure of the enzyme. This was
independently
shown in our studies by sedimentation
velocity
analysis of several renatured proteins and kinetic analysis of
reconstituted
aspartate transcarbamylase.
From these results
we infer that reconstitution
from SDS solution should generally
be possible by the two-step procedure outlined above. One
potential difficulty in working with SDS can arise in the presence of proteolytic
enzymes. As pointed out by I’ringle (38)
such enzymes may be denatured less rapidly and may degrade
the protein of interest.
However appropriate
precautions have
been described to avoid this problem (38, 39). Since this procedure allows one to process small amounts, renaturation
of
proteins eluted from SDS-polyacrylamide
gels seems possible if
the gels have been previously treated.
Reconstitution
from
gels resulted in a lower recover\- than the reconstitution
of ellzymes directly from SDS solution.
This lower recovery may b(l
accounted for by some residual iml)urities in the gel matrix, lq
mechanical losses during the 1)rolongrtl handling of the samples,
or simply by insufficient purity- of the different chemicals used
in the procedure, all of which may cause a serious problem when
small amounts of protein are processed.
Current experiments
are aimed at optimizing
the >-ields after gel electrophoresis
to
make the procedure generally more useful. The possibility of
oxidation of mcthioninc residues may bc avoided by addition
of thiodiglycol.
Improved yielrls might also be obtained 1)~
using recrystallized
chemical:: for acqlarnide
gels and by ,soaking the gels to remove l)ossible elcctrophoretically
neutral inlpurities or by-products of the polymerization
process.
It is hoped that reconstitution
(bsperimellts can be used to
identify by acativity and 1)olypeptide chain molecular n-eight
individual
components in complex systems which can be dissociated with SDS. d procedure to characterize
by tryptic
maps the individual 1)roteins clutrd from gels is described.
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