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Supplementary information

Instrumentation: High Resolution Differential-Surface Plasmon Resonance (SPR).
The SPR setup was described elsewhere."” > Briefly, it is based on the Kretschmann
configuration, in which a p-polarized laser beam (A= 635 nm) is focused through a prism
onto a metal film placed on the prism. At the so-called resonance angle, the incident light
is absorbed by the surface plasmon and the reflection drops to a minimum, which results
in a dark thin line known as the SPR dip (Fig. 1). We use a gold film that is divided into a
sensing area and a reference area. The dark lines from the two areas are simultaneously
monitored by a quadrant cell photodetector, containing four nearly identical photocells
(A, B, C and D). The resonance angles from the sensing and reference areas are detected
by differential signals, (A-B)/(A+B) and (C-D)/(C+D), respectively which are recorded
with a data acquisition unit (LabJack U12). Prior to each measurement, the prism is
rotated to bring the dark lines to the center of the reflected beam spot, and the quadrant
photodetector is adjusted to balance not only A and B for the sensing signal but also C
and D for the reference signal (Fig. 1). When the analyte is injected into the cell, the
index of refraction of the solution changes which causes a shift in the SPR resonance
angle. However, since the sensing area is modified with Arachis Hypogaea Lectin
(Peanut Agglutinin, PNA), the binding of disaccharides onto the sensing area causes an
additional resonance angle shift. The differential signal, (A-B)/(A+B) - (C-D)/(C+D)
eliminates the effect due to the solution refractive index change, which allows us to detect
the disaccharide binding with an accuracy of ~6x10” degrees (Fig. 1). Because the four
photocells (on a single chip) are nearly identical, thermal drift and mechanical noises are
also subtracted out, thus providing a simple and accurate method to detect the small
concentrations (pM, nM) of low molecular weight molecules such as heavy metal ions,’

. 3 . .
oxoanions” and disaccharides.



Supplementary Material (ESI) for Analyst
This journal is (C) The Royal Society of Chemistry 2008

B
Sensing Area Reference Area
SPR Dip
I :l Lectin Inert modifier
A-B  A-B
R A (AN RN\
A+B  A+B [ I )
Gold film
Sensing Reference + disaccharide
v
Vo ol o' To o
¥V ve v
(<)

= AB Ak @)Y @
A8 ~ (A-B)/(A+B) ~ (C-D)/(C+D) .n AfB | AtB QMM

Figure 1. Schematic representation of the SPR setup. (A) A diode laser is focused with a cylindrical lens
through a prism onto the gold film supported on the prism (not shown for clarity). The gold film is divided
into a sensing area and a reference area. The reflected beams from the two areas have dark lines (SPR dips),
corresponding to resonance of the surface plasmon, when the incident angle is appropriately adjusted. A
quadrant cell photodetector simultaneously measures the SPR dips from the reference (C, D) and sensing
(A, B) areas. (B) Prior to each measurement, the quadrant photodetector is adjusted to balance A, B, C and
D, so that [(A-B)/(A+B)] — [(C-D)/(C+D)] ~ 0. When the analyte is injected into the cell, the specific
adsorption onto the sensing area causes a shift in the SPR dip position, which is detected by the differential

signal [(A-B)/(A+B)] — [(C-D)/(C+D)].

Reagents. Pure Arachis Hypogaea Lectin (Peanut Agglutinin, PNA) was obtained from
EY Laboratories, Inc. (San Mateo, CA). All stock and buffer solutions were prepared
using deionized water (18.2 MQ. cm). Galacto-N-biose (T-antigen), N-Acetyl-D-
lactosamine (control disaccharide), Anti-Arachis hypogaea Lectin antibody produced in
rabbit (anti PNA), IgG from human serum, Anti-Human IgG (y-chain specific)—(anti IgG),
mercaptopropionic  acid  (MPA), phosphate  salts, Tris, NaCl, 2-
(morpholino)ethanesulfonic acid (MES), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC) were of analytical reagent grade and purchased from Sigma-Aldrich
(St. Louis, MO). The experiments were conducted at room temperature (22 °C).

Sensor chip modification. The sensor chips were 47-nm gold films sputtered on BK7
glass slides by an ion beam coater (Model 681, Gatan Inc.). The film was separated in
two parts with a gap of 100-200 pm. One part was modified as reference area with a layer
of anti IgG / IgG and the second part was designated as sensing area and modified with a

layer of anti PNA / PNA (Fig. 2). The gold film was initially functionalized with a ~1 mg
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mL" thiol-modified carboxylated dextran (CD) solution overnight. This polymer
produced a highly hydrophilic surface minimizing non-specific binding interactions® (step
1). After that, the carboxylated dextran-modified surface was rinsed with water and
incubated with 10 mM MPA for 30 min to ensure full surface coverage with anchoring
carboxylic groups. Then, the surface was thoroughly rinsed with water and dried with
nitrogen. The sensing area modification was performed by setting a 10 uL drop of anti
PNA-EDC solution (2.5 mg mL™ anti-PNA + 100 mM EDC in 0.1 MES buffer, pH =
5.5) underneath a previously oxidized (hydrophilic) polydimethylsiloxane (PDMS) stamp
for 30 min (step 2). After that, the anti-PNA solution was washed out by through rinsing
with 0.1 MES buffer, pH 7, and water (step 3). The reference area of the chip was
subsequently modified with 10-20 uL of anti IgG- EDC solution, final pH = 6 (prepared
from 50 uL of the commercial anti-IgG solution in PBS, pH = 7.4, and 71 mM EDC in
0.1 MES, pH = 5.0) for 30 min (step 4). In this case, there was no need of use PDMS to
locate the modifying solution on reference area since the difference in surface tension
between sensing and reference area resulting after sensing area modification was large
enough to contain the solution on the reference area. After anti-IgG binding on reference
area, anti-IgG / EDC solution was washed out by treating the whole surface with 0.1 M
MES buffer, pH = 7, for 15 min and subsequent through rinsing. Then, activated-
carboxylic groups were inactivated by 30-min. incubation in 25 mM TRIS buffer, pH = 7.



Supplementary Material (ESI) for Analyst
This journal is (C) The Royal Society of Chemistry 2008

Sample preparation- Thiolaied €0 + Mpa S Ydimethisiaxans
Measurement scheme {hydrapriliic anti-PNA

Gold film (~ 50 npn) "")

i - i W

stamping Antl IgG
Regeneration . Refarance

Rinsing with 9 (+ 5-8 agzin) Broa
PBS pH =t
far 1-2 min.

Rinsing

with PBS
o pH 7

L]
Manitoring Mgenitoring Monitoring Ig G Moenitoring PNA
Galacto-N-biose N-Acetyl-D-lactosamine  binding binding
(T -antigen)‘snding Binding (Control} T ’,
.T

‘ Differential Signal = Sensing Area Signal - Reference Area Signal l

Figure 2. Schematic representation of modification and use of a sugar sensor SPR chip (see experimental

section for details).

Detection of binding interactions. The response of the SPR sensors was performed in
PBS buffer: 0.01 M phosphate, 0.15 M NaCl, pH 7.2-7.4. Binding of PNA onto anti-PNA
(sensing area) as well as IgG onto anti-IgG (reference area) was monitored to characterize
the protein amounts bonded to each sensor area (steps 5 and 6) as well as to evaluate
reusability of the sensor chip (step 9). After PNA and IgG adsorption on sensing and
reference area, respectively; the direct binding of the disaccharides: T-antigen and N-
Acetyl-D-lactosamine onto PNA was measured (steps 7 and 8). Successive injections of
different concentrations of disaccharide solutions prepared in the same buffer were added
after 2-4 additions of PBS buffer. The injections of PBS buffer allowed quantification of
the differential SPR signal drift due to mechanical perturbation of solution from sample
injections as well as baseline correction and accurate evaluation of the total SPR
differential signal change in presence of the analyte molecule. All the solutions were
prepared in Eppendorf ultracentrifuge plastic tubes thoroughly washed with ultrapure

water. The SPR cell was a Teflon® cylinder of 400 puL capacity washed with piranha
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solution (98% H,S0O4: 30% H,0, = 3:1, V/V) and then sonicated in 18.2 MQ.cm water
three times before use (Caution: piranha solution reacts violently with most organic
materials and must be handled with extreme care). 5-10 uL sample volumes were injected
into 320-340 pL of PBS buffer.

After one cycle use (steps 5-8) the chip surface was fully regenerated by incubation of

PBS, pH =1, for 1-2 min. and thorough rinsing (step 9).

Acknowledgements. The authors thank Jared Gerlach and Jeffrey La Belle for useful

discussions and Feimeng Zhou for his generous gift of carboxylated dextran.

References

(1) Zhang, H. Q.; Boussaad, S.; Tao, N. J. Review of Scientific Instruments 2003, 74,
150-153.

(2)  Forzani, E. S.; Zhang, H. Q.; Chen, W.; Tao, N. J. Environ. Sci. Technol. 2005, 39,
1257-1262.

(3)  Forzani, E. S.; Foley, K.; Westerhoff, P.; Tao, N. J. Sensors and Actuators B 2007,
123, 82-88.

(4) Yao, X.; Li, X.; Toledo, F.; Zurita-Lopez, C.; Gutova, M.; Momand, J.; Zhou, F.
Analytical Biochemistry 2006, 354, 220-228.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


