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Abstract: “Naked eye” color detection of proteins was achieved by embedding calixarene receptors within
vesicles comprising phospholipids and the chromatic polymer polydiacetylene. Dramatic visible absorbance
changes were induced through electrostatic interactions between the protein surface and the vesicle-
incorporated hosts. The colorimetric responses could be induced by micromolar protein concentrations,
and furthermore, specific protein fingerprints could be obtained by incorporating different receptors within
the vesicles. Fluorescence and circular dichroism experiments confirmed the relationship between the
colorimetric phenomena and protein docking on the surface of the chromatic vesicles. The colorimetric
assay constitutes a generic platform for high-sensitivity detection of soluble proteins and for evaluation of
protein surface charge distribution.

Introduction chromatic properties that have been widely exploited for
biosensing applications. Specifically, PDA appears intense blue
due to absorption of the engne cross-linked framework in
the visible region. Furthermore, phase transitions of the con-
jugated backbone of the polymer can be induced, resulting in
modification of the delocalized conjugated electronic network
thereby resulting in dramatic blaged transformations. The

Protein detection is important in diverse biological, medical,
and diagnostic applicatiordg.Protein sensing by artificial mol-
ecules is a challenging endeavor, especially if the recognition
event is desired to be coupled to a simple quantifiable readout.
Different chemical approaches have been developed for protein
recognition and sensirig® Recently we have developed protein . ) !
recognition schemes based on amphiphilic calixarenes with ionic structu_ral/colonmetrlc transformations of PDA can be generated
groups at their upper rims specific for charged amino acid PY varied external factors, such as heaonic strengtff, or

residues$. These synthetic protein receptors were incorporated njechanipal pressuféthat interact \,Nith or disrupt the pendant
into lipid monolayers and facilitated protein discrimination Sid€ chains of the polymer. In particulayrface perturbations

through multivalent interactions between the calixarenes and " PDA matrixes, induced through molecular recognition events
the soluble macromolecules. That work exploited the concept &t the PDA/water interface, are a potg:isfactor affecting the
of multivalent electrostatic attraction between lipid-embedded Plu€—red transformations of the polymér.** In recent years,
receptors and proteins drawn from the water subphase, Withlnnovatlvg chemlcall){ denvatlzgd PDA systems have explongd
protein detection achieved through conventional film-balance SUrface binding reactions, making PDA a vehicle for chromatic
experiments. sensing of molecular recognitidfr. 16

Generation ofcolor changesis particularly attractive as a Several studies published in rec_e_nt years h_ave d(_emonstrated
tool for protein detection, however demonstrated only in very that PDA undergoes blugred transitions also in vesicles and
few instance&.Here we describe a generic approach for high- films that further compriséipid assembliesnterspersed within
sensitivity and pspecificcolorimetricdetection of water-soluble ~ the ponTﬁrlsmatrlx in response to interactions with varied
proteins through phospholipid/polydiacetylene (PDA) vesicles analytes:*1":¢In such mixed systems it was shown that surface
anchoring ionic calixarene modules. PDA exhibits unique
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perturbation and reorganization occurring within thpid
moieties gave rise to the structural transitions in the conjugated
(ene-yne) PDA backboné? In particular, these indirectly
induced structural transitions are most likely transmitted through
the molecular interfaces between the lipid and PDA domains
in the mixed assemblie8. Application of the mixed lipid/PDA

The net colorimetric effect was calculated as
A(CR)=CR; — CR,

where CR (%) is the CR after addition of the proteins to the DMPC/
PDA vesicles containing the calixarene receptors, whiley GOR) is

sensors for studying varied biological processes has beenthe colorimetric response recorded after addition of the same protein

reported, including the study of antimicrobial peptides,
membrane penetration enhanc&mn binding® drug perme-
ation through lipid barrierd® and antibody/epitope binding.

We have recently demonstrated that chromatic detection of
biomolecular recognitiorevents is feasible in mixed phospho-
lipid/PDA assemblies through embedding amphiphilic receptor
molecules in the phospholipid scaffoldi#®? Specifically, we
have demonstrated that synthetic hosts incorporated within lipid/
PDA vesicles confer dramatic chromatic selectivity of the
vesicles toward different ligand$.Here we show that a facile
“naked eye” detection of proteins can be achieved through
incorporation of acidic and basic amphiphilic calixarenes in
phospholipid/PDA vesicles. The mixed assemblies facilitate
“colorimetric fingerprinting” of proteins, pointing to potential
utilization of the system for diagnostic applications.

Experimental Section

Materials. Dimyristoylphosphatidylcholine (DMPC) was purchased
from Sigma. The diacetylene monomer 10,12-tricosadiynoic acid was
purchased from GFS Chemicals (Powell, OH). Lipids were dissolved
in chloroform and filtered through 0.8 filters. Preparation of vesicles
containing phospholipids and PDA (2:3 mole ratio) has been described
previously!825Briefly, the lipid constituents are dried together in vacuo,
followed by addition of deionized water and probe sonication at 70
°C. The vesicle solution is then cooled, kept at@ overnight, and
polymerized using irradiation at 254 nm. The resulting solution exhibits
an intense blue appearance.

Visible Spectroscopy Samples were prepared by adding calixarene
receptors and proteins to &0 vesicle solutions at 0.5 mM total lipid
and 25 mM Tris. The pH in the solutions was maintained at 8.0 in all
experiments. Proteins were dissolved in Tris buffer (Hostd hosB)
and water (hosg). Following addition, the solutions were diluted to
1 mL, and visible spectra were acquired. All measurements were carried
out at 27°C on a Jasco V-550 spectrophotometer, gsirl cmoptical
path length cell. A quantitative value for the extent of the blue-to-red
color transitions of the vesicle solutions is given by the colorimetric
response (CR, %), which is defined as follofs:

CR=[(PB, — PB))/PB] x 100

where PB= Apiud (Avive T Ared), A is the absorbance either at the “blue”
component in the UVvis spectrum (640 nm) or at the “red” component
(500 nm) (note that “blue” and “red” refer to the visual appearance of
the material, not its actual absorbance)RBhe blue/red ratio of the
control sample (before induction of a color change), and BBhe
value obtained for the vesicle solution after colorimetric transition
occurs.
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concentration to DMPC/PDA vesicle®t containingthe receptors.

Fluorescence Quenching Measurementsthe fluorescent probe
NBD-PE |N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)-1,2-dihexadecanoyl-
snglycero-3-phosphoethanolamine triethylammonium salt] was pur-
chased from Molecular Probes, Inc. (Eugene, OR). NBD-PE was
dissolved in chloroform, added to phospholipids at 1 mol %, and dried
together in vacuo before sonication. Addition of the NBD-labeled lipids
did not affect either the initial blue color of the vesicles or the blue-
to-red transitions. The quenching reaction was initiated by adding
sodium dithionite (Ng5,O,; Aldrich) from a 0.6 M stock solution,
prepared in 50 mM Tris base buffer, pH 11.0, to a final concentration
of 10 mM. The fluorescence emission was recorded for 5.5 min &€27
using 467 nm excitation and 535 nm emission on an Edinburgh Co.
(Edinburgh, Scotland, U.K.) FL920 spectrofluorimeter. The fluorescence
decay was calculated as a percentage of the initial fluorescence
measured before the addition of dithionite.

Tryptophan Fluorescence MeasurementsChanges in tryptophan
intrinsic emission were measured for &g protein solutions added to
the receptor/DMPC/PDA vesicles. Fluorescence emission spectra were
acquired at 27C on an Edinburgh Co. FL920 spectrofluorimeter, using
excitation at 280 nm and emission at 345 nm. Excitation and emission
slits were both set to 8 nm. Total sample volumes were 1 mL, and the
solutions were placed in a quartz cell hayia 1 cmoptical path length.
Light scattering from the vesicles was confirmed to account for less
than 5% of the emission intensity.

Circular Dichroism (CD). CD spectra were acquired on an Aviv
62A-DS circular dichroism spectrometer (Aviv Inc., Lakewood, NJ).
Four scans were recorded between 190 and 250 nm with 1 nm
acquisition steps. A 0.2 mm optical path length was used. All vesicle
solutions had a total lipid concentration of 0.5 mM in 25 mM Fris
HCI at pH 8. The pepsin concentration was @d/mL.

Results and Discussion

Figure 1A depicts the structures of the synthetic host com-
pounds employed in this study, which are known to form
complexes with charged amino acid side chains in solution.
Calixarenel (pKa = 9.5) binds aspartate and glutama€pK,
= 1.8) was specifically designed for arginine and lysine, and
is much less active due its intermediat&,jof 4.526 The protein
sensing mechanism is schematically described in Figure 1B,
showing a receptor/phospholipid/PDA assembly displaying
phospholipid-flanked calixarenes which are open to the aqueous
solution and bind to a protein surface through multivalent
electrostatic interactions.

Colorimetric Analysis. Figures 2-4 depict examples of the
visual color effects and spectral transitions following protein/
receptor interactions in the phospholipid/PDA environment.

Figure 2 presents data recorded for the acidic protein pepsin
(pl = 1) and the effect of preaddition of the three calixarene
receptors to the DMPC/PDA vesicles. Figure 2A shows that
addition of pepsin to the vesicles did not give rise to a noticeable
color transformation (the solution remained blue) due to the
negative charge on the PDA surface. However, mixing of pepsin
with DMPC/PDA vesicles to which calixarerdewas preadded
gave rise to a distinct blue-to-purple color change, clearly

(26) Kraft, A.J. Chem. Educ2003 80, 554.
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Figure 1. (A) Structures of the three receptors. (B) Schematic structure of the receptor/phospholipid/PDA assemblies (@egscéingexample). Key:
blue, PDA,; black, phospholipids; red, receptor units; green, protein.
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Figure 2. Pictures of DMPC/PDA vesicle solutions and corresponding visible spectra following addition of pdpsii)po (A) DMPC/PDA vesicles (no
receptor added), (B) DMPC/PDA vesicles witlpreadded, (C) DMPC/PDA vesicles withpreadded, and (D) DMPC/PDA vesicles witpreadded. The
arrow indicates the increase of the visible peak corresponding to the-pluple change. The protein concentration was @imL, and the receptor

concentration was 1.AM.

reflected in the visible spectrum of the solution mixture (Figure charges on the protein and the negative vesicle surface. Similar
2B). In contrast to the pronounced color effectlppreaddition intense red colors were induced by histone even when receptors
of either recepto (Figure 2C) or receptoB (Figure 2D) to 1 and3 were added to the DMPC/PDA vesicles prior to protein
the DMPC/PDA vesicles did not affect the color of the solutions mixing (parts B and D of Figure 3, respectively). However, when
(i.e., the same blue color was observed as when pepsin waghe tetraphosphonate calixareheas incorporated into the lipid/
added to receptor-free DMPC/PDA vesicles, Figure 2A). PDA vesicles, histone induced a much less pronounced color
Different colorimetric phenomena were apparent in the case transition—giving rise to a purple-blue solution as depicted in
of the basic protein histone (= 10.4), as depicted in Figure  Figure 3C.
3. Histone induced a significant blaeed transformation when We carried out a similar comparative colorimetric analysis
added to receptor-free DMPC/PDA vesicles (Figure -3A)  for the case of the relatively neutral protein albumih£p6.0,
ascribed to the strong electrostatic attraction between the positiveFigure 4). Albumin did not induce a color transition when added

13594 J. AM. CHEM. SOC. = VOL. 128, NO. 41, 2006
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Figure 3. Pictures of DMPC/PDA vesicle solutions and corresponding visible spectra following addition of histend (p4) to (A) DMPC/PDA vesicles
(no receptor added), (B) DMPC/PDA vesicles witlpreadded, (C) DMPC/PDA vesicles with and (D) DMPC/PDA vesicles witB preadded. Arrows
indicate the changes in the visible peaks corresponding ttetiserred color of the solution. The protein concentration was@AnL, and the receptor
concentration was 1.AM.
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Figure 4. Pictures of DMPC/PDA vesicle solutions and corresponding visible spectra following addition of albumsiré(p) to (A) DMPC/PDA vesicles
(no receptor added), (B) DMPC/PDA vesicles witlpreadded, (C) DMPC/PDA vesicles withpreadded, and (D) DMPC/PDA vesicles wBfpreadded.
The arrow indicates the increase of the visible peak corresponding to thepalgae change. The peptide concentration was@/inL, and the receptor
concentration was 1.AM.

to the DMPC/PDA vesicles (Figure 4A). Preadditionlofhad perturbation of the polymer framework yields the observed
a very small color effect (Figure 4B), much less pronounced blue—purple transition (Figure 3C), rather than the biued
compared to that of pepsin (Figure 2B). change recorded without preaddition of the receptor (Figure 3A).
The distinct color responses of the receptor/lipid/PDA vesicles This interpretation was corroborated by the colorimetric data
to protein addition depicted in Figures-2 can be explained  recorded after addition of histone to DMPC/PDA vesicles to
by the electrostatic interactions between the proteins and thewhich receptorsl and 3 were preadded (parts B and D,
embedded receptors, shown schematically in Figure 1B. Specif-respectively, of Figure 4); in both cases the receptors did not
ically, while pepsin by itsetf-being an acidic proteindoes not affect the blue-red transformations induced by histone since
bind to the negatively charged DMPC/PDA vesicles (and thus {page receptors do not possess a negative charge.
does not induce bluered changes), the attractive electrostatic . . . .
: . . o ; The colorimetric data recorded in the case of albumin, a
interactions between pepsin and the embedded cationic calix- tein which is cl : iral (Fi 4 istent with
arenel induce the more significant blugourple transformation fhro elt? W 'g IS (_:(t)_se "Sﬁe“ rat (thlgur'eldl)’ sre_conljls end.\;\_n
depicted in Figure 2B. On the other hand, both the negatively € above description. since at the mildly basic pH condition
maintained in the vesicle solutions in the experiments the overall

charged calixaren2 and receptoB, which, with a g, of 4.5, > X A ”
is hardly charged under the experimental conditions employed Charge on the albumin surface is low, no significant electrostatic
(pH 8), exhibit highly diminished electrostatic interactions with  intéractions occur when albumin is added to the vesicles.

Similarly, the very weak electrostatic attraction between albumin

the protein, reflected in the insignificant effect on the color ) ) ' _
transition induced by pepsin (Figure 2C,D). and 1 explains the small colorimetric change induced by

In the case of histone, the colorimetric effect of tetraphos- Preaddition of this host to the vesicles. The absence of any
phonate calixaren2 depicted in Figure 3 was markedly differ- ~ colorimetric effect wher2 and3 were preadded to the DMPC/
ent. Essentially, the affinity between histone, a highly basic PDA vesicles prior to albumin (Figure 4C,D) is similarly
protein, and receptd? weakens the binding of histone to the accounted for by the insignificant electrostatic attraction. Like-
negatively charged PDA headgroups, thus reducing the structuralwise, the low charge on calixareBgpKa, = 4.5) corresponds
perturbation of the polymer. In practice, the less pronounced to the observation that preaddition of this receptor did not alter

J. AM. CHEM. SOC. = VOL. 128, NO. 41, 2006 13595
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Figure 5. Quantitative colorimetric response of the receptor/DMPC/PDA system to protein addition. (A) Colorimetric response (CR, %; see the Experimental
Section) of vesicle systems calculated from the visible spectra depicted in Figude&®y: black bars, no receptor preadded; white barseadded to

the vesicles; dark gra, preadded; light grayd preadded. (B) Concentration dependence of the net colorimetric resgq@®). The receptor concentration

was 1.1uM.

the colorimetric phenomena for any of the three proteins tested Inspection of the\(CR) values of several proteins (at identical
in Figures 2-4. concentrations) in Figure 6A,B reveals a relationship between
Colorimetric Protein Fingerprinting. The colorimetric the protein pvalues and the net colorimetric effects. In general,
changes apparent upon receptor preaddition to the vesicles camttractive electrostatic interactions between acidic proteins and
be guantified, making the receptor/lipid/PDA system a useful embedded cationic calixarent induced greater bluered
tool for protein recognition. Figure 5A depicts representative transformations (positivA(CRY)), further increasing for proteins
percentage colorimetric response (CR, %) values, calculated forwith smaller p (Figure 6A, red data points). In contrast to the
pepsin, histone, and albumin from the visible spectra recorded results obtained for receptdr preaddition of3 had negligible
for these proteins in Figures-2. CR is a parameter reflecting  net colorimetric changes (blue data points, Figure 6A). As
the change in the visible spectrum after addition of a tested discussed above, calixareBewith a pK, of 4.5 is much less
analyte to the colorimetric vesiclé% Essentially, a high CR  charged under the experimental conditions employed (pH 8),
value indicates a more red color of the vesicle solution comparedthus resulting in weaker electrostatic interactions with the tested
to the initial blue, while a low CR corresponds to a less proteins.
pronounced bluered transformation (i.e., a more purple appear-  Figure 6B compares the net colorimetric responses of calix-
ance of the solution; see the Experimental Section). For example,arenesl and2. Figure 6B clearly shows that incorporation of
the significant red solution appearing after histone addition to the tetraphosphonate calixarer® had markedly different
the DMPC/PDA vesicles (Figure 3A) corresponds to a CR value consequences ak(CR) as compared to that &f As discussed
of 47% (black bar in the histone diagram, Figure 5A), while above, recepto weakens the strong affinity between basic
the purple color recorded after histone addition to the DMPC/ proteins and the negatively charged PDA headgroups, thus
PDA vesicles to whict2 was preadded yielded a CR value of giving rise to negative net color changes for proteins having
approximately 10% (dark gray bar in the histone diagram, Figure high pl values (blue data points, Figure 6B). The differences
5A). Indeed, the CR diagram in Figure 5A quantitatively between theA(CR) values recorded fdr in parts A and B of
portrays the significant color changes induced by additioh of  Figure 6 are due to the use of different protein concentrations

to the vesicles prior to pepsin and addition of recegqrior in the two measurements (see Figure 5B); the two concentrations

to histone. depicted in the graphs were chosen to emphasize the differences
Figure 5B depicts the concentration dependence of the netbetween the colorimetric effects of the receptors. Overall, the

colorimetric responseA(CR), for pepsin and histon@\(CR) changes in net colorimetric effects depicted in Figure 6A,B

is defined as the difference between the CR after protein addition roughly follow the p scale, confirming that the color changes
to the receptor/DMPC/PDA vesicles and CR induced by the arise from proteir-receptor affinities at the vesicle interface,
protein in receptor-free DMPC/PDA vesicles. Figure 5B dem- driven mainly by Coulomb interactions. The considerable
onstrates that, for both proteinA(CR) reaches a maximum  dispersion ofA(CR) values in Figure 6 around a lineal p
value: the highesA(CR) was recorded for pepsin at a concen- dependence reflects that many other factors also influence the
tration of 0.24uM, while for histone the optimum concentration  protein—receptor interactions, besides simple electrostatic
was 1.92uM. The maxima observed in the graphs in Figure interactions-such as overall protein polarity, location of charged
5B can be explained according to the protelost interaction amino acids at the protein surface (domain formation), surface
model: the greatest colorimetric effect is expected to occur whentopology, and protein siz&.

the added proteins bind to all available vesicle-embedded
receptors. (27) Schrader, T.; Zadmard, R. Am. Chem. So@005 127, 904.
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Figure 6. (A, B) Net colorimetric response\(CR)) due to proteirreceptor binding (calculated from the visible spectra of receptor/DMPC/PDA vesicles)
versus the isoelectric point (IEP) of the proteins tested: 1A)ed), 3 (blue); (B) 1 (red), 2 (blue). Proteins: pepsin (p= 1.0), amylglucosidase (3.5),
glucose oxidase (4.25), trypsin inhibitor (4.55), lactoglobulin A (5.2), carbonic anhydrase (5.85), albumin (6.0), trypsin (7.3), chym8t@)ppimieinase

K (8.1), trypsinogen (9.3), cytochrome C (9.5), histone (10.4). The protein concentrations wesd/O(&%and 0.1xg/mL (B). (C) Two-dimensional graph
depicting theA(CR) values recorded for the proteins in (BXCR)(1)/(2) corresponds to the net colorimetric response obtained with embedded calixarene
1/2. Each data point corresponds to a single protein and illustrates its “colorimetric fingerprint”; see the text.

An important observation that emerges from théCR) of receptorl in the DMPC/PDA vesicles clearly modified the
analysis is the feasibility for protein discrimination by the overall hydrophobicity of its tryptophan environment (Figure
colorimetric receptor/vesicle assay. Specifically, proteins can 7Ai), most likely due to surface or structural modification of
be distinguished, in principle, by a combination of net colori- the protein following binding to the vesicle-embedded receptor.
metric effects recorded by using different vesicle-embedded Such binding accounts for the high net color effects observed
receptors. The protein “fingerprinting” concept is shown in after addition of pepsin t&/DMPC/PDA vesicles (Figure 2B).
Figure 6C. Each data point in the two-dimensional graph In contrast to pepsin, the tryptophan fluorescence of the more
represents a protein for which(CR) values were recorded by  basic protein chymotrypsin (p= 8) hardly changed after mixing
using calixarené (x axis) or2 (y axis). The dispersion of protein ~ with 1/lipid/PDA vesicles, reflecting the reduced protein
datapoints is particularly large for either acidic or basic proteins, receptor affinity. This is also consistent with the smaller net
which is an expected outcome since the platform relies on colorimetric response apparent for the protein (Figure 6A,B).
electrostatic interactions between the proteins and the calixarene The circular dichroism (CD) spectra shown in Figure 7B echo
hosts. The distribution map in Figure 6C indicates that, in the tryptophan fluorescence analysis and further indicate that
principle, the construction of a sufficiently broad colorimetric  receptor recognition may indeed deeply affect protein structure.
protein database would allow identification of proteins by Specifically, Figure 7B demonstrates that the CD trace of pepsin
combining information on their molecular weights with the was significantly altere¢tindicating the occurrence of a pro-
colorimetric assay. nounced conformational changi the benzylammonium calix-

Characterization of the Colorimetric Phenomena.Figure arenel was preadded to the DMPC/PDA vesicles (solid line in
7 depicts experimental evidence corroborating the proposedFigure 7B). Preaddition of eithéor 3 to the vesicles did not
correlation between the observed colorimetric effects and protein give rise to conformational changes of pepsin, yielding almost
binding onto the receptor/lipid/PDA vesicles. Representative the same trace as depicted for the unstructured protein in Figure
tryptophan fluorescence experimeftshown in Figure 7A 7B (broken line).

reveal that for acidic proteins such as pepsin the incorporation £ orescence quenching data shown in Figure 7C lend further
(28) Batenburg, A. M.; Hibbeln, J. C. L.; de Kruif, BBiochim. Biophys. Acta  €Vidence to the correlation between the colorimetric phenomena
1987 903 155. and interfacial proteinreceptor binding. Figure 7C features
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A i il when pepsin (b= 1) was added to vesicles comprising calix-
arenel, NBD-PE, DMPC, and PDA. This reduced quenching
arises from shielding of the NBD dye by the vesicle-bound
protein?® In contrast, the lower affinity of proteins with higher
/\ pl to the vesicle-embedded receptbrresulted in reduced
shielding, reflected in the faster fluorescence quenching depicted

; in Figure 7C. Together, the fluorescence and CD data depicted
400 300 400 in Figure 7 provide compelling evidence that the distinctive
B A A colorimetric changes occurring after incorporation of the amphi-
philic calixarene receptors into the lipid/PDA vesicles are
directly related to specific electrostatic binding between the
proteins and the vesicle-embedded receptors.
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We have shown that amphiphilic calixarene modules specific
for basic or acidic amino acid residues can be embedded in
chromatic vesicles constructed from phospholipids and poly-
diacetylene. Colorimetric data and application of complementary
analytical techniques indicate that electrostatic interactions
between the vesicle-embedded receptors and charged domains
on protein surfaces result in a distinctive colorimetric response
of the PDA matrix. Naked eye detection of nonmembrane
protein is thus achieved at micromolar concentrations. The
receptor/lipid/PDA assemblies constitute an efficient protein
recognition platform, additionally facilitating protein fingerprint-
ing through incorporating different receptors in the chromatic
vesicles and recording their effects of the colorimetric transitions

00 08 17 25 33 42 50 induced by the proteins. This generic and easily prepared plat-
Time (min) form could become a useful tool for protein identification in
Figure 7. Spectroscopic characterization. (A) Fluorescence emission spectradiagnostic applications, for example, following chromatography
(excitation 280 nm) of pepsin [p= 1, i) and chymotrypsin (p= 8, ii). separation of unknown protein mixtures and protein over-
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fluorescence quenching experiments utilizing DMPC/PD
vesicles that also incorporated the fluorescence dye NBERPE.  sypporting Information Available: Table listing colorimetric
Figure 7C demonstrates that the quenching rate of the lipid- data recorded for proteins and the effect of pre-insertion of the
incorporated NBD by water-soluble dithionite followed the order  artificial receptors +3. This material is available free of charge
of protein g. Specifically, very little quenching was observed via the Internet at http://pubs.acs.org.
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