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Peptide Combinatorial Library
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An electrothermal vaporizer inductively coupled plasma mass spectrometer (ETV-ICPMS) was used to
guantitatively screen metals bound to single polystyrene (TentaGel) beads with immobilized oligopeptides.
Tests were performed using ETV-ICPMS to screen a series of identical beads as well as a series of
combinatorial library beads exposed to a multimetal solution composed &f, Wm?*, Ni*, Cut, CPt,

Ew', and PB'. The residual metal content remaining bound to the beads after acid extractions was also
analyzed by solid sampling of the entire bead using oxygen ashing in the ETV. Nine beads (80 mesh, 0.25
mmol g* nominal capacity) containing covalently attached polyaspartic acid (PLAsp;20) showed

metal extract concentrations in the range 6fI80 ng mL-1. After normalizing by bead volume, the precision

of capacity measurements in a single bead1(@%) was primarily dictated by analysis error and contributions
from bead diameter measurement with negligible contributions, surprisingly, from variations in site density
from bead to bead. A sample combinatorial library of the sequence GXXGXXGXXGXX=(¥ysteine,
aspartic acid, or glutamic acid and=6glycine) (60 mesh, 0.25 mmol¢§nominal capacity) was also used

to demonstrate the utility of this method. Metal extract concentrations ranged from 1 to 1300 Agyitl
significant concentration variation between beads, indicating the individual selectivity on each bead. For
these larger beads, analysis precision (i.e., capacity precision) was further improvetiQ# 2lue to the

overall increase in bead metal content. Through metal extract determinations, ETV-ICPMS was shown to
be a viable nondestructive tool for full metal characterization of “hit” sequences belonging to a combinatorial
library.

Introduction Screening beads from a combinatorial library for metal
content has previously been achieved through colorimetric
or fluorescent dyes complexing with the metal of intel&e'st

or by observing color changes due to mefaéptide com-
plexation itselff4#15 Although nondestructive, these ap-

separationd,drug discoveny:s and inorganic material syn- proaches are largely qualitati_ve and are usua}lly Iimite_d to
thesis” In all approaches, one challenge is finding suitable the analysis of one metal at a time. Nondestructive techniques

ways to screen thousands of beads to obtain the desired'© mandatory fprllater determlnatl.on of pept@g sequences.
information For metal remediation and reclamation, determining how well

One recent area of growth is the use of peptide combi- a chelator selects for or discriminates against particular
natorial libraries for identifying selective metal chelatdrs. species is often important and obtained through examining

In these libraries, one approach is to design or optimize theghe bm_dmgx of multlple metals S|mu|tane<_)usly.| Etnergy-_
composition of a short, metal-binding peptide on the basis ISPErsive A-ray Spectroscopy on a scanning electron mi-

of information from a larger protein (such as a metallo- croscope has been previously used for multielemental

thioneirf). One objective is to simplify the chelator without ?Ilnta:IySBd on dS|tr;]gIe beatdz; h_ct)\r/]vever, (kj)eat(js mustt pe||8|t;ally
losing metal-binding capacity or specificity and, in some attened and then coated with a conductive material betore

16 . ) .
instances, perhaps even increasing selectivity. This is done‘;nflys]::s' rRecenntIy% ';'gvmli a|1|£1 d n((;jo WIO rktievrs ;Sfdl mlrcron
using libraries in which specific amino acid positions along in- ayf buo gscex ce Od tom tul al tisc’}%zf‘cThie © a: S¢ ﬁe i
the peptide chain can be varied to increase and tune metal- g orbeads exposed to metal Solu - 1TIS approac

binding capacity and specificity. There are many advantages!nvowes minimal sample preparation, is nondestructive, and

to this approackeincluding the design flexibility provided is capable of simultaneous multielemental screening of single

by 26 naturally occurring amino acid building blocks as well befads. The relative me_tal cqmposmon is determined from
as the ease of peptide library synthesis. Beads with thepomt scans, elemental imaging on the surface of the bead,

desired metal-binding properties can then be sequenced usin r both. Althoggh this .techn.|qL.Je provides relative metal
methods such as Edman degradation and mass spectrometr ontent at particular points within the bead, absolute metal

The use of combinatorial libraries has allowed the evalu-
ation of numerous variations to a chemical system in a
shortened amount of time. Combinatorial approaches have
been utilized in many fields, including catalysischiral

content is more difficult to obtait.

* To whom correspondence should be addressed. E-mail: holcombe@ In the current study, electrothermal vaporization indu?'
mail.utexas.edu. tively coupled plasma mass spectrometry (ETV-ICPMS) is
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used for the simultaneous quantitative determination of Table 1. ICP Operating Parameters

several metals extracted into solution from a single bead for  sample gas flow 1.15 L mirt
purposes of characterizing binding properties of the peptide  plasma gas flow 10.0 L mir
immobilized on the bead. The ETV exhibits excellent  auxiliary gas flow 0.90 L min*
sensitivity (e.g., subpicogram or part per trillion detection Ejfcﬂe;g%frz L‘;rward power—— o g ?T?mw
limits) and is ideally suited for use with very small §ample torch position ) 0.3 mm
volumes £10uL). The mass analyzer used was a time-of- torch position g) —0.2 mm
flight (TOF) system. The TOF mass analyzer allows for ~ skimmer potential —1000 VvV
multielemental analysis with no loss in analytical duty cycle Sﬁgﬁgﬂ?glggs _Slfg(\)lv
as the number of monitored masses incre&ses. pushout grid —540V
; reflectron 580V
. Materlalls and Methods detector 3200 V
Chemicals. All chemicals were reagent grade unless analytes 24\g, 55Mn, 58N, 63Cu,

otherwise noted, and deionized distilled water was used to
prepare solutions. All glassware and plasticware were soaked

(primary isotopes used)
confirmation isotope
(where applicable)

114C ), 209, 159y
25Mg, 5Ni, 55Cu, 112Cd,
206ph, 151EY

overnight in 4 mol ! HNO; prior to use. The synthesis
procedure for polyaspartic acid (PLAgp= 20) was similar
to that previously describéd,and characterization using mixing for 2 h. The beads were suction-filtered (no rinse)
mass spectrometry showed the peptide was composed of 409@nd dried under Mg) overnight. The beads were then shaken
20-residue form, 40% 19-residue form, and 20% 18-residue onto a Tacky Dot slide for stereoscope measurements. Using
form. The combinatorial library (CPC Scientific) was microtweezers, individual beads were selected randomly from
composed of the sequence GXXGXXGXXGXX (X the Tacky Dot slide and placed into individual wells
cysteine, aspartic acid, or glutamic acid;=Gglycine) and  containing 100 ngL~* In in 250uL of 0.1 mol L™* of nitric
synthesized onto TentaGel Macrobeads (Rapp-Polymere MBacid. Indium was used as an internal standard in the ETV-
250 002) resin (60 mesh; 0.25 mmol%y Microwell plates ICPMS to correct for solvent evaporation as well as
(96 wells; 300uL) were purchased from Fisher Scientific autosampler variation. The acid solution from wells exposed
(21-377-203), adhesive sheets used to cover the wells wereonly to the microtweezers which were placed in the sticky
purchased from Nunc (236366), and Tacky Dot slides (glass substance of the Tacky Dot slide was used for blank
slides with arrays of adhesive spots used to easily arraymeasurements. Once all the beads were placed into the wells,
microbeads) were purchased from SPI supplies (2388). Stockthe wells were covered with a sealing adhesive sheet. The
solutions of 100Qug mL~* Cc#" , Ni?*, and E@" (Acros) beads were soaked in acidrf@ h with 15 min on/off
and PB*, In?*, ClL2*, and Mr#* (SCP Science) standards in  sonication cycling. After 2 h, 10@L of the metal extract
2 and 4% HNQ were used to prepare both the multimetal- was transferred from the well into autosampler cups for
binding solution and the multimetal standards. For2éjg  elemental analysis. Multimetal standards were prepared with
the metal solutions were prepared from a standardized 100 nguL~* Inin 250xL of 0.1 mol L™* of nitric acid. For
solution of the reagent grade nitrate salt (J.T. Baker) in 1% Oxygen ashing experiments, the standards were rerun under
(v/v) HNOs and 1% (v/v) HCI. A 0.2 mol £ ammonium the new ETV parameters (described under ETV-ICPMS).
acetate (Aldrich) and 0.2 mol (N-[hydroxyethyl]pipera- ~ After removing the nitric acid solution, water (1pQ) was
zineN'-[2-ethanesulfonic acid]) (HEPES) (Acros) buffer added to each well containing a bead, and each bead was
were prepared and purified by passing the buffer through a pipetted up with~100uL of water and deposited into the
100-200 mesh Chelex 100 (BioRad) ion exchange column. ETV for elemental analysis.
These metals were selected to demonstrate the multimetal Stereoscope Measurement&n Olympus (SZX12) stereo-
capability of this technique. Previous studies have shown scope was used to obtain images of the beads arrayed on a
that many of these metals should preferentially bind, whereasTacky Dot slide. Slide sections were labeled for easy
others have no affinity for the amino acids selectedr identification of the bead regions. Immediately after a bead
was used for the ICP and sweep gas (Praxair, Austin, TX). image was saved, an image of a stage micrometer (1 mm
Other reagents used included nitric acid (70%, redistilled long and subdivided into 1@m increments) was taken at
99.999%) (Sigma) andL-1,4-dithiothreitol (99%) (DTT) the same magnification. These images were used to deter-
(Acros). mine the diameter of each bead prior to acid extraction for
Metal Binding and Extraction. Prior to metal binding, adjusting the metal capacities with respect to the bead
the combinatorial library beads were exposed to 0.02 mol volume.
L=t DTT in 0.02 mol Lt of HEPES buffer (pH 8.0) to ETV-ICPMS. Measurements were carried out on an
reduce disulfide bonds that may have formed between Optimass 8000 inductively coupled plasma orthogonal ac-
cysteine groups. The DTT solution was deaerated with N celeration time-of-flight mass spectrometer (GBC Scientific;
prior to use, and the reaction was allowed to proceed underHampshire, IL). Operating parameters for the ICPMS are
constant mixing for 1 h. For both bead set§0 beads were  described in Table 1. Calibration was performed with the
added to 20 mL of a deaerated multimetal solution composedETYV prior to bead analysis using standard solutions contain-
of 20 ug mL~* Mg?t, Mn2*, Ni?t, Cl**, Cd**, Ew?t, and ing the ions of interest. Calibrations were retaken before
PB** in 0.02 mol L't ammonium acetate buffer (pH 7.0). oxygen ashing experiments to account for changes in
The reaction solution was allowed to react under constantsensitivity due to the altered ETV parameters.



Single-Bead Metal Content Determination Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 831

Table 2. ETV Heating Program —e— Mn
temperature ramp time holdtime  dosing S
° —*—Cd
step (°C) (s) (s) hole closed 210- |« Fu - s.0x10*
dry 100 5 10 no —e—Pb
char 300 20 20 no 180 [+ Bead Volume q7.0x10"
pause 50 3 15 yes _ ] L g
vaporize 2800 3 5 yés 'ng 1501 60x107 g
cool 50 14 0 yes = 4 5.0x10® °E‘
clean 2800 1.3 3 no g 1207 =
cool 50 14 0 no 2 o q40x10" 2
aDenotes mass spectrometry data collection. = < 3.0x10* E
Y
= 7 4 2.0x10"
The ICPMS was coupled to the ETV, a modified electro- 37 - Lox10*
thermal atomizer and autosampler (Varian model GTA-95; 0 0.0
Walnut Creek, CA) that has been previously descritded.
Each sample was measured in triplicate using«lLOnjec- Well

tions. Pyrolytically coated graphite tubes were used as theFigure 1. Concentration of metal extracted from single TentaGel

vaporizer (Varian, part no. 6310001200). A valve system E;résfebfeasis n:;‘d E:nalcug;tiig:c?%r\]l(glrjrrgfsrgig$ta?é§).s-l'-;]e tehféor
i ; on= usi

was utilized FO separatg the I.ETV "0”.‘ the lC.P when mate.nal analysig error of the sample, blank, and cali%ra?ior% squtions?(Two

was not being vaporized (i.e., during drying and ashing peads were present in well no. 5.)

cycles). During these steps, the instrument’s sample gas flow S

was diverted directly into the torch. During analyte vaporiza- Table 3. Bead-to-Bead Variation in Metal Extract Before

tion, the valves were toggled so that Ar gas flow was directed @nd After Adjusting for Bead Volunfe

through the graphite tube to sweep analyte into the mass Mn2* Ni2t CwW C* PR EW*
spectrometer. During this cycle, the dosing hole of the element % % %N %N %N %
graphite furnace was plugged by means of a pneumatically metal extracted 29 17 18 34 18 13

activated graphite-tipped plunger. This also triggered data (bef‘?'togbe?ddﬁ?@d o 14 10 13 o 16
collection in the Optimass 8000. Analyte was carried to the %?u?ng)iéggi to-t?:ad
ICP torch ly 1 m of 6-mm-i.d. Tygon tubing. The ETV  Rsp)

heating programhl_s descrl_b ed Ir? Tab!e 2. . 2 Poly4 -aspartater(= 20) was immobilized on the beadsPercent
For oxygen ashing studies, the drying step was increasedrsp values were calculated from the average extract concentrations

to 60 s to accommodate the increased sample volume of 10Grom seven beads. The metal extract from well no. 5 was not
uL. During the oxygen ash step, air was used in place of included due to the presence of two beads, giving a larger overall
Ar, passing through the furnace at a rate~af.2 mL/min, concentration.

and the ash temperature was set to 8@0(viz., dull red
furnace appearance looking through dosing hole) for 20 s.
After ashing, the furnace was cooled to room temperature
with air still flowing through the furnace. After a 10-s Ar
flush, the ETV was heated to a vaporization temperature of
2800°C, and the signal was collected.

the diameters were measured. The beads ranged in size from
85 to 105um (£ 2 um).

The concentration of metal in the extract solution from
each bead is shown in Figure 1 along with the bead volumes
calculated from the bead diameters. Well no. 5 mistakenly
contained two beadsl = 90 and 98+ 2 um), and thus, the
overall concentration is close to double that of the values in
the other seven wells. The figure shows bead extract

Metal Determination from Beads with Immobilized concentrations as low as 4 ng milfor Mn?* and as high as
PLAsp. To determine the precision of the ETV-ICPMS 130 ng mL* for Ci?t, excluding well no. 5; Mg values were
method, beads containing the same peptide sequence weremitted from this figure because they were not significantly
analyzed. The bead set used for this study was immobilized detectable above the blank levels. Acid introduced into wells
PLAsp ( = 20) that was reacted with a multimetal solution containing no bead was used as a control and showed metal
for 2 h asdescribed earlier. Depending on the peptide signals near the detection limits, indicating that metal
sequence and resin material used for the analysis, carefulcontamination from the microwell plate, well cover adhesive,
determination of reaction times must be considered for and tweezers was negligible. A small amount of Ni was
equilibrium conditions to be met. On the basis of the observed, possibly from the tweezers, but it was only slightly
diffusion of large dye molecules through Tenta&elmetal above the limit of detection. The bead-to-bead variation in
diffusion through TentaGel beads should occur in 15 min, the average metal content was relatively consistent (also see
and earlier studies suggested rapid mepaptide binding Table 3), but there was an obvious binding selectivity for
kinetics?® After metal exposure and drying, a light image certain metals. As might be expected, much of the metal
of the beads was taken using a stereoscope. All beads wereoncentration variation in Figure 1 follows that of the bead
medium blue in color after metal binding, indicating that size.
each bead possessed the PLAsp and some complexed Due to the variations in bead diameter, the metal extract
metal(s). A set of nine beads was taken from the slide after values from Figure 1 were divided by the volume of the

Results and Discussion
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mined to be Mn (3%), Ni (11%), Cu (4%), Cd (12%), Pb

X
=]
1

I Lo (4%), and Eu (10%). Finally, the R$R.ciywas arrived at
60 /I I— I La—cu from the experimental data for Mn (7%), Ni (13%), Cu (7%),
1 4 J\ / e ca Cd (14%), Pb (7%), and Eu (12%). Using these data, it is
0 ' % —4—115;: obvious that major uncertainties in site density are not
| o—

required to account for the observed deviations in capacity
measurements. Additionally, it can be deduced that analysis
precision dominates the uncertainty in the Ni, Cd, and Eu
capacities and that analysiad particle diameter imprecision
contribute significantly to the uncertainty in the Mn, Cu, and
Pb capacities for these beads. The F-test (95% CI) confirmed
this conclusion; i.e., only small error contributions arise from
errors in determining the bead diameters and negligible
Well contribution comes from binding site density variations. Since
Figure 2. Single bead metal extract concentrations of TentaGel N0 significant error was caused by variation in bead-to-bead
PLAsp normalized to the individual bead volumes. The error bars differences in site density, all of the beads observed had
represent-10 (n = 3) based on error propagated using the analysis nearly the same density of active sites. This observation is
error of the sample, blank, and calibration solutions. (Two beads ;, agreement with a previous study using confocal Raman
were present in well no. 5.) . . . . . .
microscopy* but in disagreement with diffusion studies of

respective beads to calculate metal capacities. The standaréthodamine 6G through TentaGél.
deviation in the bead diameters was 7#0=¢ 35), which To determine the amount of metal extracted by the acid
resulted in a 21% RSD in the volumes. When the metal soaking procedure, a selection from the PLAsp beads whose
capacities for each bead are normalized by the individual acid extract had been previously analyzed were separately
bead volume, a reduction in the bead-to-bead capacityanalyzed directly in the ETV. In this study, total consumption
variation (9-16% RSD) is observed. (Figure 2 and Table of the beads was used to ensure that metal was extracted
3) The more refractory nature of Ni and Eu may account from the beads with acid. Total bead consumption is not
for the somewhat poorer precision between beads for thesenecessary if peptide sequencing is desired. After inserting
particular metals even after volume adjustment. The remain-the bead and a small amount of solution into the ETV, the
ing error between capacity values is likely the result of resin material was removed by, @shing in the ETV at-800
measurement uncertainties in the determination of individual °C, and the remaining metal was then vaporized and
bead capacities. determined via ICPMS. Total metal exposure was calculated
An attempt was made to identify the possible sources of by combining the metal amount extracted from the bead with
uncertainty when determining the volume-corrected metal the metal amount remaining on the bead to calculate the total
capacity of a single bead. The sources of indeterminate errorsmetal on the bead after multimetal exposure. The results for
(i.e., precision) were analysis error, variation in bead-to-bead wells 1—4 and 6-7 showed approximately 97, 99, 100, 98,
binding site density, and error in measuring the bead 100, and 100% of Mn, Ni, Cu, Cd, Eu, and Pb, respectively,
diameter. The “analysis error” included contributions from were released upon acid exposure, which indicates quantita-
the bead extract measurement, blank measurement, andive release of the metals bound to this particular peptide.
calibration curve slope error and excluded particle diameter Metal Determination from the Combinatorial Library
measurement and bead-to-bead variations in active siteBeads.A combinatorial peptide library was then used as an
density. An internal standard was used to minimize errors example for determination of selective metal-binding peptides
caused by evaporation and sample introduction into the ETV. by this method. To minimize analysis error by increasing
After volume normalization of the bead set, the relative the signal magnitude, TentaGel Macrobeads were used for
precision in the capacity (i.eug/mn¥) can be represented  the combinatorial library. They were twice the diameter (i.e.,

40 1

30+

1
l\§/L/ %
Seauw/s

—%
10 #—%— o % =

Metal concentration in bead (ug/mm3)

U —0— o O — ¢ — 0 — ¢
T T T T T T T T

1 2 3 4 5 6 7 8

=3

by eq 1. 8 times the volume) of those used with the PLAsp but
_ otherwise had the same nominal specification. Measurements
RSDeapaciy= of 35 beads showed an average diameter ofi@8H 5.4%

. o ) N
\/RS ) nalysic 2+ RSDy,, density 2+ 9RSD, i romete (1) (ie.,+£16 %0 in volumg). After exposing the b(_eads toa _rmxed
metal solution, the library beads were noticeably different

It should be noted that propagating the measurement errorin color, ranging from dark red to light blue.

of the radius (or diameter) to the bead volume yields a
volume uncertainty of 3RSRometer Error propagation in

eq 1 requires summing the squares of the relative error;

hence, 9 RSBhicrometer Variations in the site density cannot

Figure 3 shows the resulting volume-normalized capacities
determined for the small set of peptide library beads. Mg
values for wells B, C, E, and J were omitted from this figure
because they were not significantly detectable above the

be measured directly; however, eq 1 can be used to determindlank levels. As expected, there are distinct differences in

if the RSDyte gensityiS Significant relative to the other RSDs,
since they are known. Ugin2 m aso for the micrometer
stage error for a 9gm bead yields 6.1% for 3RSRrometer
Using pooled data for each element, Rgl)iswas deter-

capacities for each element as well as in the relative
capacities of one element to another for each bead. For
example, beads from wells A and | had the highest capacity
for Mg; beads from wells A and F had the highest capacities
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329 [e—Mg screening technique using a small bead set. Althougt?85

2] :::II\\I/{n %\ + extraction is probably adequate for screening purposes,
470‘1 ; perhaps one might be concerned witt80% efficiency,

244 |—x—Cd depending on the level of screening being sought. Clearly,

total consumption of the bead via oxygen ashing and ETV-
ICPMS is not the answer if the peptide sequence is to be
164 . determined. It was used in this study only to illustrate that
% /Q\ most metal is released by acid extraction. If the peptide is
121 S intended to be used asreusablechelating media for metal

remediation, one could argue that sites that cannot be

20 —e—Pb

Metal concentration in bead (ug/mms)
-}
1

'\ reclaimed do not effectively “exist” and, thus, should not
4 —" Y be counted in the binding capacity of the material. In these
o] & ¢—o— — cases, beads with inadequate release should be preferentially

T T T T T T T T T T selected against the target metal concentration in the extract
was low, regardless of how much metal was actually bound
Well to the bead.

Figure 3. Single bead metal extract concentrations of the peptide

combinatorial library normalized to the individual bead volumes. Conclusions

The error bars represertlo (n = 3) based on error propagated

using the analysis error of the sample, blank, and calibration  With the exception of metals that are bound tightly to the
sgléjtéons/. Mg concentration in wells B, C, E, and J was negligible peptide, acid stripping of the metals in a single bead into a
(<0.6 pug/mn?). small volume is demonstrated to be a viable quantitative
analytical approach when using determination by ETV-

for Ni; beads from wells D and G had the highest capacities P i
for Cu, Pb, and Eu: and beads from wells G and | had the ICPMS. Precisions of better thah10% were achieved for

highest capacities for Mn and Cd. Similarly, if one were in &/l metals when the larger polymer beads were employed.

search of a bead that provided good Pb binding capacity with Although acid was used in this study, other reclamation
maximum rejection of Ni, bead G from this small set of the (Stripping) solutions could be employed, such as a competi-
library would be the optimal choice. tive chelator like EDTA. Obviously, the use of different

Since these beads were also measured with the Stageextraction solutions may also yield additional information
micrometer and were manufactured in a similar manner (i.e., on_the reI?tL\]/e strer_légth of binding srllteshgr;]d othe.r. gharac(;
similar variation in bead composition), the remaining error teristics of the peptide sequence. The high sensitivity an

after bead volume adjustment can be ascribed primarily to low volume requirements of the ETV allow for sm_gle_ beads
analysis error, since the relative error from the particle to be easily analyzed, and the TOF allows for unlimite'd

diameter uncertainty is smaller for these larger beads. InMonitoring analysis with no sensitivity loss for multi-
addition, the precision in these calculated capacities was €lemental analysis, since there is no loss in the mass analyzer
slightly improved as a result of the higher concentrations duty cycle. Though the method presented here could be
extracted from the larger beads as a result of improved Performed on other types of mass spectromemters (i.e.,
measurement precision and less error in measuring the beadtadrupoles), the large number of isotopes observed might
diameter: Mg (10%), Mn (3%), Ni (5%), Cu (5%), Cd (6%), result in duty-cycle-related Io_sses in sensitivity. For this
Pb (9%) and Eu (7%). In cases in which measuring individual Study, the PLAsp beads and library beads had 21 and 16%
beads diameters would be difficult or excessively time- Variation in the volumes, respectively. This bead-to-bead
consuming, larger bead sizes provide a means to decreas¥ariability associated with the metal extracted can be
the overall concentration uncertainty from bead-to-bead by corrected for by normalization to the bead volume, with the
decreasing the relative analysis error. Obviously, bead sets'@maining error primarily ascribed to analysis error, and for
with better monodispersity could also be used to increasethe smaller beads, to the particle measurement error. Such
precision if the diameters of individual beads were not Volume correction may not be necessary, depending on the
measured. monodispersity of the bead set and the acceptable precision
A sample of five library beads was also analyzed directly limit set by the analyst for the screen. Int_erestingly,_ this study
using ETV after they had been soaked and rinsed in EINO does.show th.at bead-to-bead site der.13|ty variability was not
to see if the acid extraction was complete. Whereas the bead$ Major contributor to the uncertainty in the overall capacity
released Mn, Cd, Eu, and Pb with-9800% efficiency and ~ Values for the Tentagel bead sets used.
Mg with 95—100% efficiency, Cé™ showed a more varied The 2-3-min analysis time needed for each sample per
retention (75, 100, 90, 91, and 97% metal extracted). Sincereplicate presently makes this technique suited for quantita-
each of these particular beads likely had a unique peptidetive analysis okelectedbeads after an initial bulk screening
sequence, it is not unexpected that strong binding sites onmethod. Use of this approach for rapid, quantitative screening
any given bead may not release the metal using this particularmay be viable with automation of bead manipulation and
stripping solution. The beads were not sequenced in thisan increase in throughput for the ETV-ICPMS. Such has been
study, since the scope of the work was intended only to suggested by work with a multiplexed ETV systém®in
demonstrate the viability of using ETV-ICPMS as a metal which >100 analyses/h were reported.
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