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Quartz crystal microbalance (QCM) has been explored as an °“§°g o on o o
alternative to optical biosensors in recent years for detection of oH g’ﬁ(ﬂ%n\(\/\/\u)\/“ Thiol-tailed c-Gal

biological reagents.Some researchers are still skeptical about the
potential of piezoelectric mass sensing devices as biosehsors, P D o

because the physics of biofilms in liquids are complex. This Hoo ;6: ”ﬁ: ”55: “;5:
complexity makes it difficult to obtain an explicit relationship

between the added mass and the change in the frequency output. %M mi? ;g g %

SAM of

Quite generally, the QCM gives a response that characterizes the Thiol-tailed o-Gal

binding event between a sensing layer, immobilized on the surface o od” oM o o™

of transducer, and the analytes to be detected. However, the mass g g § g

estimated with the QCM response through the Sauerbrey eqtiation O oo
(i.e., Af = —2Amn§[A(uqpq)¥'4, wheren is the overtone number, i— <: S.-o <; (; st

Uq is the shear modulus of the quartz (2.947.0' g/(cnrs?), and
pq is the density of the quartz (2.648 g/&MANVA is the areal
density) depends on the layer rheology. The Sauerbrey relationship Large areal densities enhance the rigidity of a bound biological
was derived by assuming the attached mass is rigid and stronglymonolayer. Furthermore, the lack of available surface sites mini-
coupled to the resonator. It does not apply if the deposited mass is,mizes the possibility of nonspecific adsorption. In our first strategy
for example, viscoelastic. Quartz crystal resonators are sensitivethat leads to a rigid biofilm, we immobilized the relatively small
to viscoelastic propertiswhich limits QCM application for the  carbohydrate epitopex¢galacosyl trisaccharide) that binds with a
precise mass detection of biological materials in a liquid phase. In specific protein (anti-Gal) rather than immobilizing a large antibody
such a case, the true mass and that calculated using the Sauerbreyn the Au substrate. This significantly increased the areal density
relationship may be quite different. Several papers have demon-of the immobilized sensing molecules since the molecular volume
strated that the deposited mass can be overestimated. of a-Gal is much smaller than that of anti-Gal. Secandjalacosyl
Another limitation of QCM biosensors arises from the large size epitope was tailored with a thiol linker that formed self-assembled
of biomolecules such as immunoglobulins that are immobilized on monolayers (SAMs) on the gold surface (Figure 1). By taking
the Au surface. They may have low areal densities and random advantage of the SAM technolo§ymmobilized molecules acquire
orientations that are associated with significant nonspecific adsorp-a defined orientation with high areal densities that lead to more
tion phenomena. There have been reports on improvement in therigidly bound surface films. For example, Porter et al. have sfown
orientation of proteins on gold surfaédsy using biotin streptavidin that long-chain alkanethiolsn(> 10) assemble in a crystalline-
binding or sandwich layers. However, in the case of sensing like way. Thus, either strategy yields QCM data that can be used
molecules with low areal densities, nonspecific adsorption still to determine the dissociation constaki)( from the frequency
remains as a problem. decrease found at various protein concentrations by plotting [anti-
We report here our novel immobilization approaches that Gally/Af vs [anti-Gal}.®
overcome the above limitations for the use of the QCM with certain A protein, concanavalian A (conA), fro@anavalia ensilformis
biofilms. We demonstrate the success of this method by determining which binds to mannoside and glucoside specificiihgs used to
the crystal impedance of the resonator without and with the attachedstudy whether the frequency change was affected by nonspecific
biofilms and show that series resistance in the Butterwovtn- binding. Figure 2a shows that when conA was added to the cell
Dyek-equivalent circuit hardly changes. This result is a proof that with the immobilizeda-Gal SAM on Au QCM electrode, there
the attached biofilms behave as a rigidly attached mass and thatwas negligible frequency and damping resistance change. This is
the Sauerbrey equation is valid. A QCM acoustic impedance strong evidence that the structure of the immobilizeGal SAM
analysis was used to determine changes in energy loss upon thds unaltered and that nonspecific adsorption has not occurred.
binding of anti-Gal to the trisaccharide-Gal. Our end goal, in Figure 2b shows typical time courses of the frequency changes
this case, is to develop a methodology for screeningal of Au QCM covered witha-Gal SAM, responding to the addition
oligosaccharides and its derivatives to remove anti-Gal antibodies ©f Polyclonal anti-Gal antibody. Rather than a single-exponential
for therapeutics in xenotransplantation. Studying the dissociation decay of the frequency change, stepwise frequency decreases are

constant between-Gal and anti-Gal is a particular objective of ~0bserved. We rationalize this observation as caused by the
this work. polycolonal nature of the anti-Gal antibody, with those having the

strongest affinity toa-Gal binding first and those with weaker
# Oakland University. affinities binding later. Testing this hypothesis is the subject of
TWayne State University. ongoing work. The ratio of the amount afGal immobilized and

Figure 1. Thiol-tailored trisaccharide--Gal immobilized on Au surface.
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a e b Table 1. Ky Value in Literature and Its Measurement by QCM
o Damping resistance, R * O P e 26 assay
2 e - e o pempingresuance. e antibody antigen method Ks M
z £ 3 f220
§ o~ "8 g § I9G Gah1,3GaBl,4GIcNAc or  SPR® 4.9% 107
H Frequency, 1 {20 & ] ¢ Galu1,3GaB1,4GIcNA@L,
Freauenort o 3Gap31,4Glc
oo 1gG, mono-  DNP-KLH SPR 79x 101
T R I S A AT TR IgM Galo1,3Gap1,4GIcNAcor ~ SPR!a 1.1x 10710
Time, Hours - o Time, Hours Gala1,3GaB1,4GIcNAg1,
¢ - w wld 3Gail4Glc
sooro00 b Demping resisance Ry - 19G Gab1,3Gap1,4GIcNAC ELISA4a 106
] pue, - * £ porcine endothelial cells ELISA 108-101°
£ ool "‘ a2, g IgM [3H]Gala1,3Gap1,4GIcNAc  equilibrium  10-6-1077
: . som, I g E.. . dialysig®
C— Froqvency. 1 X d ¥ 1= g a0 y = 0.0040x + 1.1X10°1° polyclonal Gah1,3Gap1,4Glc QCM (3.5 1.2)x 10°8a
oBS 20 a0s. R?=0.9804
200 — Methyl Gak1,3Gal equilibrium  4.95x 105
* * Time, Hl,:" " [Anti-Gal] / 10° M GS-1-B dlaly3|§6
] . Galn1,3Gap1,4Glc QCM (1.1£0.2) x 10-5
Figure 2. (a—c) Frequency change vs time curve when (ayb0of 1 x
10> M ConA; (b) 30uL of 1 x 10°% M polycolonal anti-Gal antibody; ) Gall,3Gal TG 1.82x 1074
(c) 20uL, 40 uL, and 50uL of 7.6 x 1078 M lectin GS-1-B, and 40uL C'\)"rggadse";'us Gaki1,3GaB1,4GIcNAC ITCue 1.03x 107
of PBS (pH 7.2) buffer were added to trisaccharideGal modified Galo1,3Gap1,4Glc QCM (3.3:0.7)x 10°°
unpolished Au electrode in 3 mL of PBS buffer, respectively. (d) Reciprocal
plot of [anti-Gall/Af vs [anti-Gal}, apparenKy value was (2.8t 0.3) x a ApparentKg.

1078 M. The average value of four measurements was {352) x 108
M (Table 1).

the amount of anti-Gal bound calculated from frequency data
indicates the binding efficiency far-Gal SAM is 0.5%. We suggest
that this low binding coverage is because the large adsorbed anti-
Gal physically blocked most of the immobilizedGal binding sites.

We also studied a lectiriffonia simplicifolialectin-1-B, (GS-
1-By), binding with the same trisaccharideGal, as an immobilized
a-Gal SAM on an Au QCM electrode. GS-1sHsolectin is
composed of four B subunits and has a high affinity for theoGal
3Gal sequenc® Figure 2c shows the frequency vs time curve that
was obtained on adding successive volumes ofRI6of lectin to
the cell.a-Gal binding sites are saturated upon the third addition
of lectin GS-1-B as demonstrated by the smaller frequency shift
compared to those from the first and second addition of lectin GS-
1-B, Figure 2c also shows that there was negligible frequency shift
when an aliquot of PBS buffer was added. This demonstrates that
nonspecific adsorption of the buffer species was not occurring.

interferometry. Immobilization strategy by SAM used here could
also improve the performance of the SPR technique. QCM approach
is significantly less expensive and more user-friendly and can be
used to quantitate affinities in binding situations such as those for
a-Gal and anti-Gal whosK, is between 16° and 1012 M.
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These studies also show that the change of damping resistance wa§€ferences

|ARyI/Ry = 0.6% (in Figure 2, &c), which confirmed that the
biofilm was exhibiting rigid, rather than viscoelastic, behavior in
our experiment.

Figure 2d is a representative reciprocal plot of [anti-@Alf vs
[anti-Galp. The average value of appardftof four measurements
is (3.54 1.2) x 1078 M (Table 1). Table 1 lists the literature values
for dissociation constants of comparahkieGal or lectins with
similar proteins obtained by other methods and by our QCM method
here. Although the antigen has a little difference, the binding
betweeno-Gal and anti-Gal depends mainly on the &bat+3Gal
end ofa-Gal! so that the data may be compared. The mushroom
Marasmius oreadegectin also has high affinity for the Gal—
3Gal sequenc¥. For anti-Gal,Kq4 value betweem-Gal and anti-
Gal (polycolonal or monoclonal; IgM or IgG) were 19-10"1* M
by SPRIAIBELISA and equilibrium dialysis techniqué.The
QCM approach gave (3.% 1.2) x 1078 M. For lectins, theKgq
values found were 4.95 10> M (GS-1-B;) by equilibrium
dialysig®technique and 1.02 10~%to 1.82x 1074 M (Marasmius
oreade$ by isothermal titration microcalorimetry technidife
(ITC), respectively. Our QCM data gave (11 0.2) x 105> M
(GS-1-B) and (3.3+ 0.7) x 10°> M (Marasmius oreadgs
respectively. Th&y data obtained by QCM was in good agreement
with that of other methods.

The strategies used here shows that the QCM approach is

competitive with established label-free techniques such as SPR and
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