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ABSTRACT KEYWORDS
Protein thermal stability is central to plant temperature stress responses as Capsicum annuurm,
well as many practical enzyme applications. Considerable information has Heat stress;
been acquired on interactions between specific pair-wise combinations of a Protein stability;
protein and cosolute. However, little is known about interactions between Surfactant;
complex protein mixtures, such asthosefound in plant cells, and cosolutes Thermotolerance.

of various structural properties. Therefore, our objective was to determine
the effects of four classes of detergents on solubility-based thermostability
of pepper (Capsicum annuum L.) leaf proteins. The cationic detergent
cetyltrimethylammonium bromide (CTAB) decreased protein thermostabil -
ity withincreasing CTAB concentration up to the concentration correspond-
ing to the transition from CTAB monomers to micelles. However, higher
concentrations of CTAB prevented turbidity and precipitation up to 100 °C.
The anionic detergent sodium dodecyl sulfate (SDS) reduced pepper pro-
teinthermostability at low concentrations, but maintai ned solubility at higher
concentrations. Unlike CTAB, the transition from destabilization to stabili-
zation occurred over alower SDS concentration range than the transition
from monomersto micelles. In contrast with CTAB and SDS, the nonionic
detergent polyoxyethylenesorbitan monolaurate (Tween 20) and the zwitte-
rionic detergent 3-[(3-cholamidopropy!)dimethylammoni o] -1-propanesul -
fonate hydrate (CHAPS) only destabilized pepper leaf proteins at elevated
temperatures, approaching maximaat concentrations near the critical micel-
lar concentrations. Results from this study support the hypothesis that
destabilization results primarily from changes in hydrophobic interactions
and stabilization occurs from charge repulsion limiting aggregation.
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INTRODUCTION of studies spanning fundamenta mechanistic explora-
tionsto practical industrial applications. Changesin
Protein structure and function havebeenafocus protein conformation and intermolecular interactions
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impact stress responses and disease progressionin
organisms, and affect reactions serving applications
from biosensorsto texture and quality of food prod-
ucts. Detailed information on structure and function of
many individua proteinsisavallable, but lessisknown
about behavior of complex mixtures such asthose
foundin plant and animal cells. One challenge pre-
sented by studying anindividual proteinisextension
of resultsto other systems because proteinscan vary
widely in properties. Whileindividual proteinsare
uniquely suited to many typesof structural analyses,
complex mixturesprovideamoregloba basisto study
physical changesinnatural systems. Complex protein
mixturesarewd | suited to studying environmentd and
chemicd changesaffectingintermolecular interactions
that impact protein aggregation and lossof solubility.
Protein folding anomalies, aggregation, and changes
in solubility arefundamental to processes such asthe
heat shock response™ and devel opment of several
neurodegenerative diseased?.

Detergentsarewidely used in solubilization, purifi-
cation, extraction and denaturation of proteins. Inter-
actions between detergent and protein have been stud-
ied for many yearsand arenot only of practical impor-
tancebut d so of theoretical significance, providingin-
Sght on protein denaturation and aggregetion processes.
Protein-detergent interactionsare not only concentra-
tion dependent, but afunction of the propertiesof the
detergent and protein. Thedenaturing activity of ionic
detergentsisinfluenced by pH and ionic strength of the
system. Nonionic detergentscan maintain protein struc-
ture and function dueto their neutral chargesbut may
lower enzyme activity!d. Zwitterionic detergentscom-
binethefeatures of ionic and nonionic molecules.

The nature of protein-detergent interactions can
become more complex at higher detergent concen-
trations due to the formation of micelle structures
when detergent concentration reaches the critical
micellar concentration (cmc). In aqueous sol ution,
micelle structure isthermodynamically favored by
exposing the hydrophilic heads of the detergent mol-
ecules at the surface of the micelleand burying the
hydrophobic tailsinside the micelleto avoid contact
with water. In anonionic surfactant system, the ma-
jor interactions between micelles are van der Waals
attractiveforces”. However, interactions between
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TOC Graphic: Illustrateschangein propertiesasadeter-
gent transitionsfrom monomer sto micelles. The procedure
isamodified version of thedyesolubilization technique

charged micellesin anionic system consist of elec-
tronic repulsion forces and solvation effectsin addi-
tion to the van der Waal sforces.

Detergent effectson protein thermostability have
been studied using SDS (sodium dodecyl sulfate). Low
concentrationsof SDShad noinfluenceon protein ther-
mostability dueto d ectrogtati ¢ binding with specificand
limited sitesof protein molecules®. Whenthe concen-
tration approached cmc, SDS decreased protein ther-
mostability through hydrophobicinteractions. However,
when micdlestructuresformed at concentrationsabove
cmc, protein molecul esreportedly were captured and
covered by micdlestructures, increas ng thermostabil-
ity. Anaternative model of protein-SDSmicelleinter-
actionsistermed “necklace and bead®. Thetwo ver-
sionsof thismode includetheprotein wrapping around
the micellesand hydrophobic portions of the protein
passing throughthe micdleinteriors.

Literature dealing with detergent-protein interac-
tionshasfocused onindividua proteins. Although many
hypotheses have attempted to explain specific pair-wise
combinationsamong variousproteinsand different types
of detergents, divergent conclusionscan bedravnwhen
comparing proteinswith different properties”. Further-
more, activity-based assaysare specifictoanarbitrarily
chosen enzyme. Onegpproach to ded withthisdilemma
isto eva uate solubility-based thermostability using ex-
tracts containing amixture of proteing®. Mixturescan
reflect average protein properties and the complexity
of thecellular solution. Our primary objectivewasto
determinetherel ationshipsbetween thermostability of
pepper leaf proteinsand detergentswith different classes
of head group over concentration rangesincluding both
detergent monomersand micelles. A secondary objec-
tivewasto compare aturbidity-based assay of protein
thermostability with acol orimetric determination of
solubleprotein content.
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EXPERIMENTAL

Plant cultureand leaf extracts

‘Early Calwonder’ pepper (CapsicumannuumL.)
plantswere grownin 24-cm-diameter potsin acom-
mercia potting mix (BM-1; Saint-Modeste, Que.,
Canada) amended with triple superphosphate (0.7 g- L
1), dolomite (3.6 g-L), Micromax (The Scotts Co.,
Marysville, OH) (0.6 g-L!), and KNQ, (0.6 g-L?).
Plantswere maintained in acontrolled-environment
chamber (modd PGW36; Conviron, Winnipeg, Man.,
Canada), at 24/20°C day/night temperatureswitha14
h photoperiod and aphotosynthetic photonflux density
a canopy height of about 400 umol-m™s, Plantswere
watered with solublefertilizer (20N-8.6P-16.6K, Pe-
ters, The Scotts Co.) at 0.7 g-Las needed based on
mediacolor and pot weight.

Fully expanded |eaves were collected from 10-
week-old plants. Paper towel swetted with deionized
water wereused to maintain leaf hydration during trans-
fer from thegrowth chamber to thelab. Fifteen grams
of leaveswithout themidrib were blended in ahomog-
enization buffer consisting of 225 mL MES [2-(N-
morpholino) ethanesulfonic acid] buffer [50 mM,
pH=6.0, with 1 mM EDTA (ethylenediaminetetraacetic
acid)] with 1.25 g PV PP (polyvinylpolypyrrolidone,
Sigma-AldrichCo., . Louis, MO). Theleaf durry was
filtered through Miracl oth (Calbiochem, Madison, WI)
and collected in abeaker containing an additiona 1.25
g PVPPwith 15 mL MESbuffer. Slurrieswere stirred
for 5 min, then the PV PP was alowed to settlefor 2
min before decanting to asecond beaker and settling
for an additional 2 min before centrifugation. Leaf ex-
tract wasgenerated by collecting the supernatantsfrom
centrifugation at 16k g at 21°C for 20 min. Extracts
were mixed with an equa volumeof MESbuffer (con-
trol) or a2x detergent solution prepared in MES buffer
and stirred for 45 min. The extended stirring timewas
used becausethe highest concentrationsof CTAB (2,
5and 10mM) wereinitially cloudy, but cleared over
timewith stirring & ambient temperature. After mixing,
solution pH wasadj usted as needed to 6.0 using NaOH
except for theturbidity versus soluble protein content
experiment where an aliquot was adjusted to pH 6.5.
Averaged over dl experiments, solutionscontained 35.6
+4.6 mg protein per g fresh weight of leaf tissue based
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onacol orimetric assay with ovalbuminasthestandard?.
Detergents (SDS, CHAPS, Tween 20, and CTAB)
werepurchased from SgmarAldrich Co. Thermo Fisher
Scientific (Waltham, MA) supplied EDTA and MES.

Heat treatment

Treatment temperature rangeswith 1°C intervals
yielding clear, cloudy, and precipitated sampleswere
established in preliminary experiments. Three
subsamplescontaining 3.4 mL solution from each treet-
ment-temperature combination were pipetted to 16-
mm diameter test tubes, except for the SDS experi-
ment which employed two subsamples. A 21°C treat-
ment wasincluded in each experiment asthe control.
Test tubeswereheld in water baths at target tempera-
turesfor 15 min, then placed in awater bath at 21 °C
for 4 h. Inexperimentswith CTAB, atemperaturetreet-
ment using ablock heater at 100°C was used in addi-
tionto water bath exposuresfor the2 and 5mM con-
centrations.

Solubility measurements

A spectrophotometer (DU640B, Beckman Coulter
Inc., Fullerton, CA ) was used to measure apparent
absorbance at 540 nm (AA_,) 4 h after heat treat-
ment. Un-heated control solutions (21°C) from each
trestment werefiltered through 0.2 um polyethersulfone
membrane syringefiltersfor use asblanks. Astreat-
ment temperaturesincreased, light scattering by aggre-
gated proteinsincreased AA, , val uesuntil amaximum
vaue(AA,,, ) Wasreached. Further temperaturein-
creasesyieldedAA_, valuessimilar to controlsdueto
preci pitateformation. Only the clear solution over pre-
cpitateswassampledinexperimentd unitswithinsoluble
proteins.

CM C measur ement

Preliminary experimentsindicated that asnglepro-
cedure to measure cmc was not applicableto al de-
tergent classes. The cmc value of CTAB in pepper
leaf protein solutionswas measured using amodifi-
cation of the dye solubility procedure®®. Approxi-
mately 2 mg cadmium red light paint (Duro, Chicago,
IL) was added to the bottom of 16-mm diameter test
tubesusing awoodenrod. FivemL CTAB at 0, 0.005,
0.05,0.1,0.5,1, 2,50r 10 mM in MES buffer was
added and vortexed every 10 minfor 2 h, then per-
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cent transmission was measured at 540 nm. Solu-
tions becameturbid from solubilization of the paint
carrier at cmc. For SDS, the absorbance of chloro-
phyll in the SDS-extract mixture was measured at
wavelengthsof 415, 437, 671, and 679 nm to detect
spectral shifts associated with micelle formation™,
Thecmc for SDSwas also estimated using the paint
solubility assay. Eosin Y (Coleman & Bell Co.,
Norwood, MA) at afinal concentration of 4.75 uM
was used to measure cmc values for CHAPS and
Tween 2014, Spectral shiftswere detected by mea-
suring absorbance at 518 and 528.5 nm.

Data analyses

Each experiment was conducted with fiveindepen-
dent replications (dates) with three subsamples per
treatment combination in each replication, except the
SDS experiment which had two subsamples. Anadysis
of variancewas conducted using PROC GLM (SAS
Institute, Cary, NC) to analyze treatment effectswith
treatment by date asthe error term, and theinteraction
effect between treatment and temperature with the er-
ror term of treatment by temperature by dateforAA,
responsedata. A highly significant (P< 0.01) treatment
by temperatureinteraction was observedinall experi-
ments. A separate analysis of variance was then per-
formed for treetment and interaction effectsusng PROC
GLM fortheAA,, A rESponsevariable. Duncan’s
new multiplerangetest was conducted as appropriate
to group treatment means using treatment by date as
the error term at the critical value of P < 0.05. Mid-
pointsof cmc response variabl esversus detergent con-
centration were estimated using PROC NLIN. Trans-
missionvauesweretransformed (100-T,, ) to convert
toasigmoidd responsecurvewithincreasngvauesin
the paint solubilization assay. Peak ratioswereusedin

Spectral shift assays.
RESULTS

Turbidity versussolubleprotein at two pH values

AtpH 6.0, turbidity measured by AA_ jincreased
with increasing temperature to 50°C (Figure 1). At
temperatures higher than 50 °C, AA,,, decreased
markedly, corresponding with the formation of pre-
cipitates. The soluble protein concentration based on

the Bradford® colorimetric assay remained rel atively
constant over thetemperature range from 21 to 48°C
(Figure 1). The concentration of solubleprotein de-
creased sharply at temperatures higher than 50 °C. At
pH 6.5,AA_, increased withincreasing temperature
to 56°C. At temperatures higher than 56°C, AA,,
decreased sharply asprecipitatesformed. Thesoluble
protein content based on the col orimetric assay re-
mained relatively constant over thetemperaturerange
from 21 to 54°C, then decreased markedly at tem-
peratures higher than 54°C (Figure 1).

0.30 40
. pH=6.0 c
]
0.25 =
" ——AAS540 o £
Z 020 == Protein concentration 5 o)
<< g o
<< 015 0 g %n
= =
0.10 @
10 ©
0.05 a
0.00 a
0.40 40
pH=6.5
s
0.30 0 B
——AAS540 o
5"
E 0.20 == Protein concentration 20 g to
<T O o
< c E
c -
0.10 0 £
Q
a
0.00 o

20 24 28 32 36 40 44 45 52 56 60 64
Temperature (°C)

Figure 1 : Apparent absorbance at 540 nm (AA,,) and
Bradford-quantified solublepr otein content ver sustemper a-
turefor pepper leaf extractsat pH 6.0and 6.5

CationicCTAB

Concentration-dependent effectsof CTAB on pep-
per leaf proteinthermostability wereexhibited. Proteins
were destabilized as CTAB concentrationsincreased
to1mM (TABLE 1). Compared tothecontrol, CTAB
at0.05mM decreasedAA,, ., by 6.8°C. At CTAB
concentrationsof 0.5 and 1 mM, protein precipitated
at 21°C, the lowest treatment temperature examined.
However, no turbidity increase or precipitation was
observed following 100°C exposuresat CTAB con-
centrationsof 2and 5 mM, indicating astrong stabiliz-
ing effect at these concentrations. Thetransition from
strongly destabilizing to extreme stabilization was be-
tween the concentrationsof 1 and 2mM, which corre-
sponded with CTAB’s cmc value 0f 0.9+ 0.2 mM in
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this system. Even though pepper leaf proteinswere
boiling stableinthehigher CTAB concentrations, enzy-
matic activity based on catalase (EC 1.11.1.6) activity
was|ost (datanot presented).

TABLE 1: Apparent absor bance maximatemperaturesfor

pepper leaf extractscontaining cetyltrimethylammonium br o-
mide(CTAB)

CTAB (mM) AAsi0.max temperature (°C)
0 524+0.2 a*
0.005 53.0+0.3a
0.05 456+04b
05 vY
1 Y
2 XX
5 X

M eans in the column with the same letter are not significantly
different by Duncan’s new multiple range test with P < 0.05.
YY= precipitation was observed at all temperatures, including
the control temperature of 21°C, the lowest temperature in this
experiment. *X= no turbidity or precipitation formed at all tem-
peratures examined, including 100°C

AnionicSDS

Dual effectsof SDS on pepper |eaf protein ther-
mostability wereexhibited. Leaf proteinsbecameless
stable as SDS concentrations increased from 0.005
to 0.15 mM (Figure 2). The greatest destabilizing
effect wasobserved at 0.15 mM withameanAA
wax témperature 3.6°C lower than the control. How-
ever, astabilizing effect was observed at SDS con-
centrations from 0.25 to 0.35 mM. Proteins were
11°C more thermostable than controls at 0.35 mM,
the highest SDS concentration examined. Micelles
formed at higher SDS concentrationsthan observed
for thetrangition from destabilizing to stabilizing pro-
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Figure2: Dose- response of SDSon ther mostability of pep-
per leaf proteins
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teins. The cmc estimates for SDS were 2.3 mM
based on the paint solubilization assay, 2.8 mM based
on the chlorophyll absorption shift at 437/415 nm,
and 2.2 mM based on the chlorophyll absorption shift
at 679/671 nm (Figure 3).
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Figure3: Effectsof SDSconcentration on paint solubiliza-
tion (percent transmission at 540 nm) and peak ratios for
chlorophyll spectral shifts(437/415 and 679/671 nm)

Nonionic Tween 20

Tween 20 did not stabilize pepper leaf proteins(Fig-
ure4). Destabilization was observed at Tween 20 con-
centrationsof 1 and 10 mM, with no significant differ-
ences between 1 and 10 mM treatments. Thecmc for
Tween 20was 0.6+ 0.3 mM.
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Figure4: Dose- response of Tween 20 on ther mostability of
pepper leaf proteins

ZwitterionicCHAPS

Pepper leaf proteins were destabilized by
CHAPS at concentrations greater than 1 mM (Fig-
ure5). As CHAPS concentration increased from 1
toSmM, AA,, ..., temperatures decreased, reach-
ing aminimum 5.6°C lower than the control at 5 mM.
Therewere no significant differences between 3mM
and 5 mM treatments. Thecmc for CHAPSwas5.5
+ 0.1 mM.
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Figure5: Dose- response of CHAPS on ther mostability of
pepper leaf proteins

DISCUSSION

Turbidity versussolubleprotein at two pH values

Turbidity changes determined by AA . measure-
ment were cond stent with changesin the soluble pro-
tein content measured by Bradford quantification. As
theturbidity of the solution increased dueto theforma-
tion of small aggregates, the soluble protein content
measured by Bradford quantification remained fairly
congtant. Bothturbidity and colorimetricaly-determined
soluble protein content decreased when precipitates
formed dueto severe heat aggregation. Theclosecor-
respondence between the methods strongly suggests
that changesin protein structure and solubility arepri-
maxrily respons blefor turbidity changesin the plant ex-
tract and further vaidatesuseof AA , tomeasurepro-
teinthermostability. It ismore convenient than colori-
metric assaysand provides additional informationon
theformation of small aggregates. Unlikeusing circular
dichroism spectroscopy to measure changesin protein
conformation, AA,,, does not require expensi ve equi p-
ment and iswell suited to complex mixtures.

Itiswell known that pH affects protein stability,
primarily through changesin e ectrostaticinteractions.
Therefore, similar shiftsin both methods should be ex-
hibited at ahigher pH if they represent the same phe-
nomenon. The correspondence between changesin tur-
bidity and soluble protein content wasexhibited at both
pH 6.0 and 6.5. Within the range of 6.0 to 6.5, the
higher pH environment had agreater ability tomaintain
protein solubility, in agreement with previouswork with
thermostability of leaf proteind®¥. Resultswereconss-
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tent with more negative charges at thehigher pH intro-
ducing stronger repul siveforces between proteinsand
attenuating high temperature aggregation.

Irreversible high-temperature-induced changesin
protein conformeation can a so be monitored by resdua
activity of enzymesafter returnto ambient temperature.
Recognizing that choice of aparticular enzymeisarbi-
trary inthat enzymes can vary widely in temperature
dependency and stability, we selected the catalase as-
say to determinewhether responses of an activity-based
assay to pH corresponded with resultsfrom solubility-
based assays. Both types of protein thermostability as-
says showed anincreasein stability at pH 6.5, com-
pared with pH 6.0 (datanot presented).

CationicCTAB

Concentration-dependent effectsof CTAB on pep-
per leaf protein thermostability were observed over the
rangefrom 5 um to 5 mM. Destabilization occurred up
to 1 mM with concentrationsof 0.5and 1 mM causing
aggregation of un-heated controls. However, 2and 5
mM CTAB strongly stabilized proteinsagainst aggre-
gation and precipitation. Sincethecmc (0.9 mM) was
closeto thetrangtion concentration rangefrom desta-
bilizingto stabilizing, itislikely that CTAB monomers
destabilize pepper | eaf proteinsand CTAB micellesact
asstabilizers. Congistent with our results, aprevious
study found that micromolar CTAB concentrationspre-
Cipitated tobacco mosaic virus coat protein at room
temperature™¥. The authors proposed that positively
charged CTAB head groups bound to negatively
charged sites on the protein, alowing the exposed
CTAB tail to promote hydrophobicinteractions|ead-
Ingto aggregation. It isal so possiblethat hydrophobic
tailsof somemonomers penetrated into the hydropho-
bic protein core, disrupting protein structure and |ow-
eringthermodability.

Expanding mode sof protein-CTAB interactionsto
higher concentrationsrequirestaking into condderation
theformation of micelles. Micellestructureshiddsthe
hydrophobic tailsof CTAB monomersand attenuates
hydrophaobi c aggregationsamong CTAB-protein com-
plexes. Depending on relative size and abundance of
protein moleculesand micellar cavities, aswell aspro-
tein hydrophobicity, proteins could be encapsul ated
withinor partialy embedded withinamicelle, or CTAB
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micellestructurescould bind to protein surfacesviadec-
trogaticinteractions. If micdlesbind to surfacesof large
proteins, repulsion forces between positively charged
micellesmust outweigh attractiveforceswith residual
negative charges on proteins, possibly through steric
hindrance, or result in chargeneutralization. If proteins
areencapsulated, it appearslikely that at least partial
protein unfol ding would befavored inthe hydrophobic
coreof amicelle. Protein stabilization in cavitiesviaa
decreasein conformational mobility hasa so been sug-
gested™, Regardless of whether micellesinteract with
proteinsthrough el ectrostatic interactionsor exist asa
shell, repulsion from the exposed positive charges of
CTAB wouldinhibit aggregetion.

AnionicSDS

Sodium dodecyl sulfate has been used extensively
to maintain protein solubility in many applications,
including SDS-gel electrophoresis®. Although en-
zymesfrequently lose activity, precipitation is pre-
vented by high SDS concentrations. Pepper |eaf pro-
teinswere destabilized at low SDS concentrations,
but remai ned solubl e to higher temperatures when
SDS was present at greater than 0.25 mM. Con-
centration-dependent effectsof SDS on protein struc-
ture have also been reported for cytochrome Ci®,
lysozyme®, and cutinase*”. Corresponding results
were obtained with an SDS/Tween 20 combination
in studies of molecular interactionsinimmunoas-
sayddl, A transition was observed for immunoglo-
bulin G thermostability with acut-off concentration
much lower than the cmc. Similarly, inhibition of to-
bacco mosaic virus coat protein aggregation wasfirst
detected at 57.5 uM SDS!18. Vermeer and Norde*®
interpreted the phenomenon as a dominance shift
between el ectrostatic interactions and hydrophobic
interactions of the detergent-protein complexes.
Since electrostatic interactions have higher affinity
than hydrophobic interactions, initial binding isbe-
tweenionic groups?. Thenegatively charged heads
of SDS monomers bind with the positively charged
residues of proteins, exposing the hydrophobic tail.
Driven by hydrophobic interactions, the exposed hy-
drophobic surfaces are favored to aggregatein or-
der to lower the free energy in an agueous solvent.
The hydrophobic tails of some detergent monomers
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could also penetrate into the protein hydrophobic
core, deforming protein structure. At higher SDScon-
centrations (yet below cmc) additional detergent
molecules would be available to bind to exposed
hydrophobic patches, preventingintermolecul ar bind-
ing. In the “necklace and bead” models, partially
unfolded proteinsinteract with micelle-like detergent
structuresthat are stabilized at sub-micellar concen-
trationsthrough interactionswith portions of the pro-
tein moleculed®. At low SDS concentrationsthein-
teractions are el ectrostatic at the protein surface. Ex-
posed hydrophobic portions of the protein can then
participatein hydrophobic interactions with other
proteins leading to aggregation. At higher SDS con-
centrations, hydrophobic patchesof proteinsarelo-
cated intheinterior of detergent structures, decreas-
ing opportunitiesfor aggregation. It isalso possible
that amixed model can be applied with maximal sta-
bilization resulting from both shielding of hydropho-
bic patches and electrostatic repulsion, a conse-
guence of protein molecul es both wrapping around
and passing through detergent clusters. Alternatively,
the stabilizing effect could be attributed to an SDS
monolayer accumulating on the protein surface, lim-
iting unfol ding space by aconfined environment.

Although both SDSand CTAB areionic detergents
and capabl e of binding to charged residues, the dose-
response patternsare different with respect tomicelle
formation and protein thermostability. The basisfor the
differencemay liein agreater number of negatively
charged residuescompared withamino acid sidechains
carryingapositivecharge, consistent with stabilization
of pepper leaf proteinsat higher pH™3.,

Nonionictween 20

The non-ionic detergent Tween 20 only destabi-
lized pepper leaf proteins, reaching amaximum near
thecmc. The dose-response behavior may result from
saturation of theinterior space of protein moleculesby
detergent insertion. When no more Tween 20 mono-
merscan beloadedinsdeaprotein, the preferred con-
formationistoleavethehydrophobictailsof the Tween
20 monomer outs dethe protein moleculewith thehead
binding to the hydrophilic surface of the protein. Expo-
sureof hydrophobictailsisthermodynamically disfa-
vored, driving aggregation of Tween 20-protein com-
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plexes. Thedestabilizing effect reached aplateau at 1
mM Tween 20, corresponding with the cmc for this
system (0.9 mM). Itislikely that once micellesform,
attraction between polar head groupsfavorsaggrega
tion. Electrostatic repul son does not occur sincethere
are no charges on the head of Tween 20.

ZwitterionicCHAPS

As a charged detergent, interactions between
CHAPSmonomersand protein molecules can consist
of both hydrophobic and € ectrogtati cinteractions. How-
ever, different from either anionic or cationic detergents,
both positiveand negative chargeson thesurface of pro-
teinscan beneutralized. Although € ectrostati c interac-
tionscan bestrong between the charged head of CHAPS
and proteins, zwitterionic detergentsareconsdered in-
termediatein propertiesbetweenionicand nonionic de-
tergents. Although zwitterionic detergents can prevent
aggregation at concentrationsnear cmc??, aninitia re-
port of protein destabilization by azwitterionic detergent
wasmadefor cutinasd”. Our resultswith CHAPS and
pepper leaf proteinssupport thefinding of protein desta:
bilization by adetergent carrying both positiveand nega:
tivecharges. Accumulation of CHAPS monomersat the
exterior of theprotein promoted aggregation between
protein-detergent complexes. Although concentrations
higher than 5 mM were not examined, it appearsthat
prote n destabilizati on reached amaximum near thecmc
for CHAPS (4.4 mM). Itislikely that electrostatic re-
pulsonfallsto beestablished, but hydrophobic aggrega:
tionisattenuated. Asaresult, thetransformation from
monomeric CHAPSto micellesdoesnot leed to further
destabilization of proteins.

ABBREVIATIONS

AA_, ax» Maximum gpparent absorbance at 540 nm;
CHAPS, 3-[(3-cholamidopropyl)dimethylammonio]-1-
propanesulfonate hydrate; CM C, critica micellar con-
centration; CTAB, cetyltrimethylammonium bromide;
SDS, sodium dodecyl sulfate; Tween 20, polyoxyethy-
lenesorbitan monolaurate.

CONCLUSIONS

Theeffects of detergentson protein thermostabil-
BIOCHEMISTRY (mm—

ity varied with detergent class, and with the same de-
tergent at different concentrations. Nonionic Tween
20 and zwitterionic CHAPS had similar effectson
pepper leaf protein thermostability. Both detergents
destabilized proteinswith maximum destabilization
closeto thecmc. Cationic CTAB and anionic SDS
destabilized proteins at low concentrations, but in-
creased thermostability at higher concentrations. The
trangition from destabilizati on to stabilization occurred
near thecmc for CTAB, but wasat sub-micellar con-
centrationsfor SDS. Similar resultswerereported for
denaturation of a-lactalbumin at 22 to 25°C?U. Sub-
micellar concentrations of anionic and cationic deter-
gentsdenatured a-lactalbumin, but nonionic and zwit-
terionic detergentsinteracted weakly at concentrations
below the cmc, “priming” the protein for structural
changesat thecmc.

Differences between detergent classes can be ex-
plained by differencesin binding behavior. Destabiliza
tion can result from hydrophobicinteractionsand sta-
bilization occursprimarily from chargerepulsion limit-
ingaggregetion. Whiledenaturationfrom partia unfolding
and aggregation can be related processes, denatured
proteins can be strongly stabilized againgt aggregation
and precipitation. Since proteinsare a so amphipathic
molecules, protein-detergent interactions can provide
additiond insght on protein-proteininteractionsin un-
favorable environments. The present study extends
knowledgeof protein-detergent interactionsat € evated
temperatures across al four polar head group types
andto complex protein mixtures such aswould befound
inplant protoplasts.
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