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(54) Title: CHEMICAL SAMPLE TREATMENT CASSETTE AND METHODS

(57) Abstract

This invention is directed to a
cassette chemical immobilization and
treatment system (10) and method for
enabling the performance of various
complex chemistries with minimal human
intervention, near-zero dead volume,
and flow-through protocols pursuant to a
predetermined instruction set encoded on
a multiple-address chemical treatment cas-
sette assembly. The cassette assembly (12)
comprises a plurality of analyte sample
columns (19) ("mini-columns"), reagent
walls containing pre-packaged reagents
including powdered, microencapsulated,
liquid or lyophillized reagents, analyte
loading funnels, alignment means for the
analyte sample columns, and a machine
readable instruction code set (25), for
identifying a chemical treatment protocol.
The mini-columns (19) are improved
columns having high pressure interface
capability to permit direct insertion of the
mini-column into a high-pressure solvent
line for use as a support column for HPLC
analysis.
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TITLE: CHEMICAL SAMPLE TREATMENT CASSETTE AND METHODS

BACKGROUND OF THE INVENTION

TECHNICAL FIELD:

The present invention relates to a cassette-type chemical sample treatment
system apparatus and method for wuse in the treatment of less than one
milligram quantities of amino acids, proteins, peptides, and the like pursuant
to predstermined or preselected chemical, biochemical, and biomedical
protocols. Mors particularly, the invention of this application relates to a
cassette-type chemical sample treatment system and method having a cassette for
holding a plurality of sample columns for immobilizing preselected samples and
a plurality of reagent wells for retaining preselected reagents for enabling
predstermined chemistries of the prasslectad samples with the preselected
reagents, including column loading, treatment, and post-treatment analysis of
the reacted sample with near-zero dead volume and minimal human intervention,
the predetermined chemistries being specified by machine readable code

integrated into the cassette.

PACKGROUNMD ART:
With the exception of certain high-performance liquid chromatography

(HPLC), proteins and peptides are typically fractionated in aqueocus buffers
containing samines, salts and, often, denaturants. Therefore, additional
manipulations such as desalting by HPLC, precipitatien, or dialysie are
raquired to render the sample matrix compatible with protein and peptide
chemistry or peptide sequencing protocol. Each of these additional steps,
however, involves potential losses, especially when only less than milligram
amounts of protein are present at low concentrations. It is generally
understood that proteins include peptides, accordingly, for purposes of this
invention, no distinction is made between peptides and proteins, and reference
to one will also apply to the other.

Many of the steps involved with the aforsementioned steps have been
eliminated by immebilizing a protein or a peptide directly onte a solid
support, washing away any interfering components, and leaving the protein bound
to the support ready for either further on-column chemistries or removed for
analysis. Hewlett-Packard Analytical Instruments (Palo Alto, California, US)
manufacturers a family of analytical devices [(HP-G1000A, HP-G1004B, and HP-
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G1005Ah) which use sample columns contalning a solid suppert upon which proteins

or peptidee might be immobilized. The HP-G1004A ie a Protein Chemistry Station

(PCS) which permits on-column chemistries to proteins and peptides immobilized

on o hydrophiobic nupport. 'The 1IP-G1005 performs standard Edman degradation

protocols on a peptide immobilized on a bi-phasic support for the performance
of peptide sequencing.

Post-translational modifications will determine the etersochemistry and

conformation of the peptide. Accordingly, there is a need to determine the

nature of the side groups so that a conformational analysis or a structure

determination may be made. Such post-translational modification chemistriee

may be carried out manually or semi-automatically whereby a sample is gubjected

to reaction with the appropriate reagents to give an appropriate indication in

the event the post-translational modlfication is present. The HP-GO0D4 Protein

represgents the state of the art with respect to
enabling semi-automatic performance of chemistries.

Chemistry Station (PCS)

The PCS has limitations,
however, with respect to the types and complexity of chemistries that might be

perforwed on this system. For example, the PC5 is not able to perform bi-

directional pumping; it can only pump down. This limitation precludes

shuttling sample or reagents back and forth through the support. This feature

when the reactivity of a side group is
affected by the peolarity of a solvent and the appropriate solvent is one that

would . be desirable, for example,

may separate the sample from the support. Second, the chemistries performed

in the PCS requife that the reagents be dispensed into a large funnel in order

to be introduced to the reaction. Without changing-out the funnel between

reagents, a significant risk of crose~contamination ie created.

The HP PCS system employs a hydrophobic column to immobilize the sample

during loading and during application of the chemistry. Figure 1 is a crose-

eectional diagram of single sample reaction chamber typical of tha background

art. A funnel a is press-fit attached to the Lnlet eide of the hydrophobic

column b, with the throat of the funnel c¢ in communication with the top opening

of the column d. The funnel/column assembly is loaded into a center cavity e

of a clear Lucite reaction chamber f, the assembly being secured by compressing
and twisting the funnel/column assembly in a single movemant into a baycnet-~-
type connection on the walls of the Lucite holder g, and the column being urged
against the funnel by a spring k. N cap h is screwed onto the reaction chamber

80 as to seal the system. Inlet porte 4,3 in the cap permit the introduction

of sample into the funnel and the lntroduction of a pressurized inert gas to

pump the reagent through the column. During the chemistries performed on the

PCS, the funnel is never changed-out. As a result, a serious concern with the

-2
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pystem and method cf the background art is that the side walls of the funnel
may retain residues of previocusly introduced reagents, thus resulting in cross-

contamination or reagents.

After insertion and bayonet-locking of the funnel/column aseembly into the

reaction chamber, a protein or peptide solution sample is loaded in the 5 ml

funnel attached to the column. The cap is screwed onto the holder and over the
funnel so that pressurized nitrogen, or other inert gas, may be applied to the
sample and pressure forced into and through the hydrophobic sample column. The
sanple loading process captures proteins and peptlides on the hydrophobic
portion of the sample column, while the sample solvent passes through.

It is possible to do multiple sample additione for larger volumes or to

use a second solution to wash the sample. First, the holder cap removed, and

a second sample or argueous waslh is added to the funnel, the cap reattached to
the holder, and the holder pressurized with nitrogen, thus forcing the aqueous
wash through the liydrophobic sample column.

Following the sample loading, sample preparation (rinses), and possible
sample pre-treatment, the funnel/column assembly is removed from the sample
reaction chamber and is transferred to another reaction chamber in the Protein
Chemiatry Station, wherein the appropriate reagents are administered to perform
the deeiraed chemistries. A technician selects a computer program which
directs the Pcs,'via a micro-controller interface, to dispsnse the appropriate
reagent 4into the sample funnel pursuant to the selected program. The
appropriate reagent 18 directed through a tube and into 2 reagent port in the
cap of the reaction chamber. The reagent flows from the reagent port into the
sample funnel. Pressurized inert gas then forces the reagent out of the sample
funnel and into the column.

All chemistries are carried out in the column or the funnel, and within
the reaction chamber. Alsc, since only one reaction chamber may be loaded at
a time in the PCS, preparation and treatment of multiple sample columns is a
time consuming and tedious effort. Further, the PCS provides only four
rglervolrs for reagents, buffers or solvents, all of which must be a liquid.
Additionally, there may be reactions, especlially of blomedical interest,
wheraeln a solid reagent, such as a lyophilized enzyme, vaccine, hormone
preparations, and the like which exhibit lower stability in solution, tending
to either degrade rapidly or requirse low storage temperatures in its hydrated
state, may be needed in order to execute the desired chemistry. The devices
of the background art uare not able to accommodate these dry reagents.
Accordingly, there is a need for an automated chemical treatment system capable

of . performing a multiplicity of both peptide and post-translational

.3-
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modification chemistries sequantlally on a plurality of samples, in an

uninterrupted manner with minimal human intervention or direction. The

automated chemical treatment gystem would also provide means to perform

chemistries external to the sample columns and for relntroduction of the
reacted sample or analyte to the sample column.

Also, there is a need for an

autowated system that would provide means for “Just~in-time" delivery of

reagents requiring just-in-time solubllization, such as adeorbed,

lyophilized
or other powdered reactants to the sample.

Since the same sample funnel is umed for all raageants there is a risk of
crogs-contamination that may affect the outcome of sensitive chemlstries.

Minute quantities of reagent may adhere to the walls of the funnel, only to be

eluted into the sample column when the next reagent is introduced into the
funnel. Where less than one milligram quantities of peptides or proteins are

being investigated, the presence of minute amounta of impurities or cross-

contaminants may have a significant impact on the results. Accordingly, there

is a need for a sample column/reaction chamber system that permits near-zero

dead volume to minimize risk of cross contamination and the resulting
inaccuracies such contamination may cause.

Once the protein chemistries are complete, the sample column from the PCS

is removed from the sample reaction chamber and is transferred to the

appropriate analytical measurement device in order to measure or characterize

the results of the chemistries performed. Typically, the analyeis is selected

to characterize the products of a peptide cieavage.

lypically, RP-HPLC is used to analyze the reaction products. 1ldeally, it

would be desirable to insert the sample column of background art directly into

an HPLC sample column holder, thus intagrating the sample column into the HPLC

and transforming the esample column into a RP~HPLC column. 1In order to obtain

adequate separation of proteins, however, column pressures greater than 1500

psi are required. The sample column of the background art rated to withstand

pressures up to approximataely 1000 psi. At pressures greater than 1000 psi,

the non-tapered end of the sample column typically fails. 1In order to operate

at the extremely high pressures required for protein separation, a special
adapter is required, and is attached to the inlet end of the sample column to

accommodate a high pressure line fitting. Fig. 2 shows a cross-section

diagram of the sample column and adapter typical of the background art.

The
adapter 1 is inserted into the non~tapered end 4 of the sample column b.
Since the sample column is a pre-column to tha chromatography column of the

HPLC, the adapter is also a part of the HPLC pre-column. Accordingly, the

column plus adapter of the background art is supplied in additlon to the

d-
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standerd chromatogragh column rather than as a substitute column.

Consequently, the adapter L must also be packed with a hydrophobic support m,
and once it is affixed to the outlet end d of the hydrophobic column, becomes
an extension of the original hydrophobic column upon which the sample is

immobilized. AMs a result, the adapter may be used only once and then must be

discarded. Accordingly, there ies a need for a sample column able to withetand
the high pressures of RP-HPLC that might be directly incorporated, without an
adapter or modification, into an HPLC receptacle so as to integrate the sample
column as the chromatography column of the RP-HPLC.

The above single-sample procedures associated with the current state

of the art device are incapable of performing chemistries or sequential,

uninterrupted treatment of multiple samples and results, therefore, in

extremely tedious protocolsand prone to cross-contamination. Further, a well

recognized problem associated with the incorporation of the hydrophobic column
into the RP-HPLC is that the coupling between the inlet port of the column and
the RP-HPLC line is such that residual liquids are trapped in the headspace
between the end of the column support materia and the RP-HPLC coupling. It is
well known in the art that a zero-head space is required in order to assure the
most accurate HPLC measurements. The existence of a non-zero head space
introduces errors into the HPLC analysis.

Chemical procedures and treatments performed on a sample in preparation
for analysis can become tedious, particularly where repetitive chemistries must
be performed and time consuming where hundreds or thousands of samples are
involved. Additionally, it also creates significant opportunities for errors
in measurement, and for contamination of the sample or reagants. Further, if
characterization of the sample requires several different chemistries to be
performed there is an lincreased chance of error as the technician must now
identify, track, and monitor the progress of each of the required protocols.
Although the present state of the art includes micro-controller interface with
semi-automated apparatus, the technlcian must atil)l determine which chemical
procedure or protocol is to be performed on any particular sample, and key that

protocol selection into the micro-contreller. 1f the technician executes the

incorrect protocol, the sample is ruined at best, or, at worst the erroneous
analytical data recorded on that sample is included in the data being
accumulated.

There is a need to provide an automated means for gequential,
uninterrupted performance of chemistries on a plurality of eamples contained
within or immobilized on a plurality of esample columns with minimal human

intervention and reduced risk of performing incorrect protocols.

.5.
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SUMMARY OF THE INVENTION

This invention is directed to a caesette~-type chemical treatment system

and method for enabling the performance of various chemistries with minimal
human intervention,

near-zero dead volume, and flow-through protocols pursuant

to a predetermined instruction set encoded on the cassette.

The cassgette comprises a plurality of sample columna {“mini-

columns”),
reagent wells, sample loading funnels, ‘

alignment means for the sample columns,
machine readable instruction code set for determining a chemical
treatment protocol. All components

and a

are constructed from inert materials
including but not limited to linear polyethylene,

and the like.

fluoro-copolymeta, Teflon
The mini-columns contain a long inner chamber packed under pressure with

a solid support, preferably eilica, although other supports such as polymer

beads, resius, and cellulose nay be used. Alternately, no solid Bupport at all

for example, the sample is retained as a dry powder or
beads, or if the sample is microencapsulated.

need be used when,

In the preferred embodiment, a
silica support is employed and derivatized to render it hydrophilll or

hydrophobic. For protein chemistries, the silica support is derivatized with

a lipophilic alkyl group thus rendering the support non-polar. Consequently,

lipophilic proteins dissolved or suspended in a more polar moblile phase will

become immobilized on the hydrophobic support. Unlike the mini-columns of the

prior art, both terminal ends of the mini-columns of this invention are
designed to accommodate tha extremely high pressures (greater than 1200 psi)
needed to perform reverse-phase HPLC of the immobilized proteins or other

hydrophobic moieties. This is accomplished by designing a generally concave,

preferably tapered opening at each end of the column 80 that an interface means
may be attached thereto with near-zero dead volumn. The opening can be
spheroidally concave, parabolic, conically tapered, and the like so long as a
high pressure seal can be effected with a compression fit interface means.
Suitable compression fit interface means include: a nozzle having a rounded tip
for insertion and compression fit against the walls of the generally concave,
preferably tapered opening; a nozzle having a conical tip for insertion Lnside
the inner diameter of the longitudinal chamber for compression fit against the
junction of the inner wall of the longitudinal chamber at apex of the generally
concave, tapered opening with the conical nozzle; and the like to permit
localized interface wit the inlet and outlet ports to enable near-zerc dead

volume communication. The term “localized interface" ln the context of this

invention refers to a near-zerc dead volume interface wherein the surface area

-6-
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of the connectlon does not extend beyond the generally concave, preferably

tapered walls of the mini-column opening, thus significantly reducing or

wminimizing the surface area in which reagents, solvents, and detached samples

might contact. This is contrasted to the prior art where introduction of
reagents and solvents is by dispensing the reagent or solvent into the same
sample funnel rsulting in a significant risk of croes-contamination. 1In the

preferred embodiment, the distal end of a rounded nozzle is inserted into the

generally concave, preferably tapered opening, seated against the sides of the
taper, and urged with sufficient force to provide a pressure tight seal so as
to withstand column pressures up to 2000 psl. This feature permits the column
of this invention to be directly integrated as the support column in a reverse-
phase HPLC apparatus. The outlet end of the mini~-column may alsc contain a
generally concave, preferably tapered shoulder to mate with an alignment
assembly, described below.

As described above, each mini-column wmay be loaded with a hydrophobic
support. The ends of each column are fitted with a porous frit to permit
liquid flow and to retain the solid support within the column chamber. The
frit may be made from any inert material such as sintered glass, fluorinated
polymers, and other polymers such as sintered pclypropylene.

" A.novel feature of the cassette of this lnvention ie that it includesm a
plurality of loading funnele to provide a funnel assembly. The funnels may be
arranged in whatever configuration is desmed expedient in view of the abllity
of the treatment station to address each mini-column or reagent well opening
with a nozzle. For example, if the funnel assembly is arranged as a
rectangular or square array, the treatment station must provide for nozzle
arrays corresponding to the X-Y location of sach inlet and outlet port for each
column and well. The inlet end or loading port of each mini-column is press-

fit disposed in a connection sleeve extending from the throat of a

corresponding sample loading funnel of the funnel assembly. The taper of the

inlet port of the mini-column ie coplanar with the taper of the conical

bottom
of the funnel so that there is a virtually seamless transition from the funnel
to the inlet port of the mini column. This will ensure that nc dead volume

exits that might lead to possible cross-contamination. Alternately the mini-
column may be integrally cast as an extension of the loading funnel. 1In the
first embodiment, once the sample on the column has been treated, the column
may be removed for insertion into the high pressure line of an external HPLC
analyzer such that the mini-column is now the support column for the HPLC.

This is contrasted to the column of the prior art wherein the mini-column is

merely a pre-column, requires an adapter, and doee not supplant the standard

-
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HPLC column. Alternately, an HPLC analysis capability may be bullt into the

system of this invention. 1In this case, the mini-columns need not be removed

from the cassette and may be remain in place after treatment of the sample.
The same nozzle interface used to address each column now acts as part of the
high pressure line for an integrated HPLC.

In order to ensure the mini-columns remain press-fit connected to the
funnel assembly and to ensure that each mini-column is aligned with the axis

of sgymmnetry of its corresponding funnel, an alignment means ig optionaliy

provided. The alignment assembly of the cassette of this invention ensures

that the longitudinal axis of all mounted mini-columns are coincident with the

longitudinal axis of its corresponding loading funnel. Proper alignment is

essential, as will be explained below, to ensure that both the inlet port and
outlet port of each mini-column is properly aligned to receive the distal ends

of dispensing and expending nozzles although self-centering is achieved by

virtue of the generally concave, preferably tapered openings. Where the mini-

column is not integral to the funnel assembly, an alignment assembly may be

provided. Once each mini-column has been inserted into the funnel asaenbly,

the alignment assmbly ie positioned over the outlet ports of the mini-column.

The alignment assembly is aligned with and removelbly attached to the funnel

assembly as a spatial reference. Precisaely spaced through-holes having a

tapered inner bore are positioned on the alignment assembly to mate with the

tapered shoulder of cutlet port of each mini-column. Each mini-column is now

secured on each end , thus holding each mini-column in proper alignment.
Alternately, an extended sleeve maybe cast as part of the funnel assembly so

that insertion of the mini-column into the extended sleeve will regult in a

stable or robust alignment as well as providing sufficlent press fit of the

mini-column to prevent the mini-column from falling out.

Where the mini-column is an integral part of the funnel asgembly, bracing
sufficient to ensure alignment of the mini-columns may cast as part of the

integrated funnel assembly. For example, crosm-bracing extending from the

external wall of the integral mini column to the funnel assembly will provide

a etable or robust alignment of the mini-columns.

A novel feature of this invention ié the optional integration of a

plurality of reagent wells into the funnel assembly. The reagent walls are

open on each end and are supplied with frits, as in the mini-columns, to

prevent material contained in the wells from falling out. The reagent well may

be packed with a suitable gupport for immobilizing the specific reagent

contained therein. NAlternately, the reagent may be in powdered form ei{ther as

a soluble solid or as a lyophilized solid. The solid reagent may be provided
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as a microencapsulated reagent (this would permit use of liquid reagents

without having to provide a sclid support), as beads of a predetermined size

to permit solvent flow through and/or controlled solubility rates,

or,
alternately, the solid reagent

may be palnted on the walls of the column
chamber, thus permitting the free flow of sclvents.

Alternately, the reagent wells may be used as an alternative way to

introduce samples for chemical treatment. By packing the wells with a suitable

solid support, sample may be immobilzed on the support. This would effectively

double the number of samples avallable on the caseette for treatment. Sample

in other forms, such as adsorbed, lyophilized, powdered, microencapsulated, or
free liquid, may be placed in the sample columns.
with

Scanning the reagent wells
a scanning weans will identify populated wells whose contents might
participate in the predetermined chemical protocols.

Ag in the mini-columna, the ends of the inslde chamber of the reagent
wells are generally concave, and preferably tapered to provide a flared opening
to permit the pressure tight seating of the distal ends of a dispensing and
expensing interface means. These interface means include the same means
discussed supra; e.g.,nozzles having rounded or conical shaped tips. Once
the fully assembled and loaded cassette assembly is inserted into the treatment
system of this invention, each column and well opening is addressed by a
nozzle. The tip of the nozzle is of a geometry designed to fit within the
generally concave, preferably tapered openings of each mini-column and reagent
well, and provide a tight seal thus achieving near-zeroc dead volume resulting
in minimizing the risk of cross-contamination. 1In contrast,

the prior art

eystems, which have no nozzle interface, or other direct flow-through

communication interface, has a significant amount of dead volume. A novel
feature of this invention is that the benefit of a funnel is attained for
sample loading, however, near-zero dead volume is attained as well by the use
of the nozzle interface. In accordance with the preselected chemical treatment
protocol ldentified for a particular cassette, the nozzles pefmit the free flow
introduction of a solvent, treatment sclution, or a sample-containing solution
to the column or well with which it is in communication(dispensing) or for
removal of a solvent, spent treatment solutlon, or sample containing solution
from a column well with which it is communication (expensing).

Another novel feature of the cassette of this invention is that each
cassette has a machine readable code disposed on the cassette that is read by
an appropriate device in the treatment station to automatically indicate to the

treatment station in which the cassette ies loaded the exact chemical protocols

required for the samples in the cassette. The code will optionally indicate
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whether or not reagent is present in the reagent wells, whether the reagent

wells contain additional samples rather than reagent, and which column and well
addresees are to tretaed (in the event that not all column and well addresses

are populated). NAlternately, a scanning means can ecan each column and/or

resagent well to identify those column and reagent addreases that have materlal;

i.e., solid support, reagent, solvent. Accordingly, empty columns and wells

are not addressed and only those populated columns and walls identified by the

ecanner means participate in the identified chemistries. Scanning means

suitable for ldentifying populated mini-columns and reagent-wells include

elther a light array having a siungle source or a plurality of sources and

complementary light source detector array, or a mechanical probe inserted into

the mini-column and reagent well openings to sense the presence of an

obstruction such as a frit. 1In the preferred embodiment, the light source

array is positioned over the mini-column and reagent well ports while the

detector is positioned to detect whether the light is transmitted through the

wini-column or reagent well. Those "empty" mini-columns and reagent wells

where the light is transmitted through the column or well do not participate
in the identified predetermined chemical protocols.

The machine readable code may be in the form of a bar code, a magnetic

strip,-an embedded diode, or a semiconductor memory chip. The device used to
read the code will necessarily depend on the format and medium of the code and
wmay include a bar code reader, a magnetic strip reader, a radio transponder,

or a data bus socket. The foregoing means for encocding as machine readable

code the chemical protocol information and the scanning devices for reading the
machine readable code are presented by way of example and not by way of
limitation as any means whether optical, magnetic, electrical impulse, and the

like may be employed to provide to the treatment etation an indication of the

degsired chemical protocols. A further novel feature of the cassette of this

invention is that once the cassette has been loaded into the treatment etation
of this invention the machine readable code is modifled to indicate that the

desired chemical treatment protocol has been performed. Such modification may

include modifying the code so that it becomes unreadable by the scanning

device, thus preventing execution of any treatment protocol. For example, a

bar code may be disposed in a bar code holder that is slideably inserted in a

recelving groove in the caesatte. Once the bar code is read, the bar code

holder may be repositioned in the recelving groove so that part of the bar code
is positioned in a pocket in the cassstte, thus obscuring at least a portion
of the bar code, rendering the bar code unreadable. This will serve to prevent
the cassette from being inadvertantly processed a second time. As a further
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example, in the came of the semiconductor memory, a CMOS or static RAM may be

used to contain the required protocol instructions. Once the memory is read,

the coded instruction set may be modified to indicate that the cassette has

undergone the prescribed chemical protocols. An advantage of using a random

access memory means is that the modification of the machine readable code may
optionally include writing information to the memory to provide information as

to date and time the protocols were executed, the name of the technician
operating the system, any deviations to the protoccl, addresses of the columns

and wells, and parametric information such as reagent volumes, operating

Optionally this information may be
later downloaded to a permanent information storage location.

temperatures and pressures, and the like.

The system of this invention Lncludes the cassette assembly, a sample

loading station, and a treatment station. By way of operation, the cassette
assembly is loaded into the sample loading station and aligned in preparation

of receiving the sample. An annular gasket is lowered onto the top rim of the

sample funnel being loaded. The pressure resulting from mounting the loading
ket is such that the mini-column associated with the instant sample funnel ie
firmly pressed against the funnel opening to ensure a water tight fit between
the narrow end of the minim-column and the sample funnel connection pleeve up
to about 40 psl. The outlet end of the mini-column is position over a drain
tube. The sample solution i8 then pipetted into the firmt well. After the
sauple solution has been introduced, a pressure cap having a centrally disposed
plunger is lowered over the gasket so that the plunger extends into the sample

funnel. An annular shoulder on the plunger seats against the gasket to create

an air tight seal up to about 40 psi. A port in the plunger permits an inert

gas to pressurize the head space in the sample funnel thus forcing the sample

solution into and through the mini-column. Alternatly, the sample solution may

be forced into and through the mini~column by either providing a vacuum draw
at the outlet end of the mini-column to suction the sample solution through,

or the plunger on the pressure cap may directly push the sample solution
through the mini-column; i.e., hydraulic pressure. As the mample solution
passes through the mini-column, any lipophilic moieties are immobilized on the
hydrophobic packing material. Similarly, if the packing material were
hydrophilic, any 1lipophobic moieties would be immobilzed in that casge.
Superfluous sample solution ie expired through the outlet port into a drain
line. The funnel is depressurized, and the plunger and gasket removed. This
process is repeated for all eample funnel/mini-column addresmes in the array.

Alternately a multl station sample loading device may ba used whereby all

sample funnel/mini-column addresses are Jloaded simultaneously. This
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embodiment, as well as the single station loading station embodiment, may
optionally provide an sample dispensing port in the plunger(s) to automatically
dispense the sample solution into the sample funnel wall(s) after the plunger

is seated. N further option includes a means for reading the machine readable

code so that a microcontroller intarface might load the cassette pursuant to

a predetermined sampling protocol.

OBJECTS AND RDVANTAGES:

it is an object of this invention to provide a cassette for a chemical
treatment pystem having a plurality of funnels for loading sample solutions,
a plurality of sample retaining means for holding a plurality of addressable,
preselected samples and preselected reagents, to permit preselected chemistries
on the preselected samples in a sequential unterrupted fashion, the cassette
having a machine readable code integrated thereon to automatically identify to
the chemical treatment system upon insertjon of the cassette into a chemical
treatment station the chemistries to be performed on the preselected samples
using the preselected reagents, the cassette having very near-zero dead volume
flow-through connection with a chemical treatment station.

It is another object of this invention to provide a sample loading station
not requiring pre-isclation of the sample in a raaction chamber and that will
enable rapid loading of the chemical treatment cassette of this invention.

it is another object of this invention to provide an improved sample
column for sample immobilization or containment and for insertion into the
caggette of this invention to permit flow-through chemistries with near-zero
dead volume and to permit access to and use of the improved sample column as
an HPLC column without the need for a high-pressure adapter.

It is another object of this invention to provide a sample treatment

station for receiving the chemical treatment cassette of this invention, for

reading the wachine readable code on the caasette, for uninterrupted,

sequential accessing all pre-selected samples and pre~selected reagents, and
for executing the chemistries as identified by the machine readable codae.

It is another object of this invention to provide a chemical treatment
syatem having a sample loading station, a chemical treatment cassette, and a
chemical treatment station for performing automatic, near~simultaneous, flow-
through chamistries on a plurality of pre-selected samples using a plurality
of pre-selected reagents, the chemistries being identified by machine readable
code to a micro-controller, and the chemistries being executed by the micro-

controller working in logical and electrical cooperation with the chemical
treatment station.
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It is another object of this invention tc provide a method for near
simultaneous performance of chemistries on a plurality of preselected samples,
the samples being retained in a chemical treatment cassette, and the
chemistries desired retained on machine readable code for automatic execution

via micro-processor control pursuant to instructions contained in the machine

readable code.
Still other objects will be evident from the speclfication claims and
drawings of this application.

BRIErF DESCRIPTION OF DRAWINGS:

The invention is illustrated by reference to the drawings in which:

Fig. 1 is a cross-sectional diagram of a single-sample chemical treatment

cartridge or reactor of the background art;

Fig. 2 im a cross-sectional diagram of the sample column of the
background art as connected to an HPLC high-pressure adapter;

Fig. 3a-e are various perspective views of the chemical treatment
cassette of the chemical treatment system of this inventlon;

Fig. 3f is a cross section view of the multiple sample, chemical

treatement casstte cassette assembly of this invention;
“Fig. 4 im a cross-sectional diagram of the sample mini~column of this
invention;

Fig. 5a,b are cross-secctional views of the chemical treatment cassette
of the chemical treatment system of this invention showing the relationship of
the sample columns and nozzles with respect to each other and to other elements
of the chemical treatment cassette;

Fig. 6 is a crose-section view of an equally preferred embodiment of the
chemical treatment cassette of the chemical treatment system of this invention;

Fig. 7 is a croes-section view showing how the nozzle ia seated in the

tapered opening embodiment of the mini-columns and reagent walle of the

chemical treatment cassette of this invention;

Fig. B8 is a cross~-section view of the chemical treatment cassette as
loaded in the sample loading station;

Fig. 9 is a perspective view of the chemical treatment cassette and the
upper and lower nozzle arrays of the chemical treatment station and their
relative positicns spatial positions proir to loading the nozzles into the
sample column and reagent well generally concave, preferably tapered openings;

Fig. 10 is a schematic overview diagram of the hydraulic layout of the
chemical treatment station of this inventlon;

Fig. 11 is a cross-section diagram of the mini-column of thie invention

“13.
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being in an HPLC in-line adaptor ; and
Fig. 12 is a flow diagram of the method of using the chemical treatemnt
aystem of this invention.

BEST MODE FOR CARRYING OUT THE INVENTION
The followiny detailed descriptiaen illustrates the invention by way of
example, not by way of limitation of the Principles of the invention. This
description will clearly enable one 8killed in the art to make and use tﬁe

invention, and describes sgeveral embodiments, adaptations, varlations,

alternativee and uses of the invention, including what we presently believe isb

the best mode of carrying out the invention.

The three principle elements of tihe chemical treatment gystem of this

invention include a sample loading station, a sample treatment station, and a

chemical treatment cassette. Both the sample loading station and the chemical

-treatment station elements are configured in accordance with the geometry and

configuration of the chemical treatment cassette (hereafter “casmette”). The

preferred embodiment of the cﬁasette is easily seen in the exploded view as

shown in Fig. 3a. The principle elements of the caessette 10 include a sample

funnel assembly 11, a plurality of mini-columns 13, a mini~column alignment

asgembly 15, and a receptacle for removeably retaining a medium containing a
machine readable code 17.

The sample funel aseembly 11 contains a plurality of funnels 19 intaegral

to the aasemblyland arranged in a even, regular funnel array. Fig. 3a shows

the sample funnel assembly as a linear array 21. Fig. 3b shows the mini-

columns 13 inserted into the funnel assembly 11. The location of each mini-

column may be stamped onto the alignment assembly 15 to facilitate sample

loading and for tracking purposes. Fig. 3c is a mirror-image perspective view

of Figure 3b and clearly shows the plurality of through-holes 23 in the
aligninent assembly by which the flared, generally concave, preferably tapered,

free end of the mini-column may be aligned for later connectlon and interface

to a chemical treatment station. The alignment holes 23 are tapered soc as to

receive the tapered flange of the free end of the minl-columns and to self
align the columns as the alignment assembly 15 is snapped into placs.

Fig. 3c shows the inlet ports 29 of reagent wells 31, shown in phantom,

that are integrated into the funnel assembly 11. As discussed above, the

reagent wells may be used as a source of adeorbed, powdered, freeze drlied,
microencapsulated, and ligquid reagents, solvents, salte, buffers, or other
chemicale participating actively or pasaively in the chemistry performed on

the sampies in the mini-columne.

-14-
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Aleo shown in Fig. 3c is the receiving slot 17 for the machine readable

code means. In the preferred embodiment of the cassette of this invention the

machine readable code means is a bar code. Fig. 3d shows how a bar code 25

is inserted into the receiveing slot 17. Fig. 3e shows the bar code 25

slideably received in the receiving slot. As shown in phantom, the bar code

25 has been displaced to the extreme bottomn end 27 of the receiving slot 17

rendering the bar code unreadable. A mechanism is provided in the treatment

station of this invention to displace the bar code to the extreme bottom end
of the receiving slot once the casstte has been addressed by the interface
nozzle arrays contained in the treatment station by which the flow-through

chemistry is effected, thus preventing the cassette from inadvertantly being

used again.

A cross-section view of the chemical treatment cassette assembly is shown
in Fig. 3f which clearly shows the inter-relationships between the various
elements of the cassette assembly. The sample mini-column 13 has a first
narrow end 33 which is press-fit into a mini-column connection sleeve 35 formed
by extending the throat of the sample funnel 19. A stop shoulder 37 disposed
annularly on the funnel end of the inside wall of the connection sleeve 35
provides a stop barrier to prevent the mini~column 13 from extending into the
cavity.of the funnel 19 and provides a sealing surface between the inlet port
of the column and the throat of the funnel to prevent sample solution from
leaking during sample loading. Further, the stop barrier extends over the edge
of the mini-column narrow end 33 by an amount sufficient to provide a smooth
transition from the eloped inside wall 39 of the funnel to the generally
concave, preferably tapered wall 41 of the narrow end of the mini-column. Thie
smooth transition from funnel to mini~column reduces the risk of sample or wash
solvent reeidues forming on what would otherwise be a surface irregularity.
Such residues may lead to errors and significantly affect the results of the
chemistries involved.

Fig. 3f also clearly shows the structure of the reagent wells 31. The
walls have an inlet port 29, and an outlet port 43. A center chamber 44 runs
longitudinally through the reagenet well and connects the inlet port 29 with
the outlet port 43 within which chamber may be disposed any reagents, solvents,
buffers salts, enzymes, and the like, in either an adsorbed, powderad,
lyophilized, microencapsulated, or liquid state, useful in the chemistries
assoclated with the sample that is retained by the sample mini-column 13.
Inert porous frits 45a and 45b are press fit into the ends of the central

chamber to prevent loss of the materials contained in the reagent well central

chamber.
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Fig. 3f also clearly shows how the flange 49 of the flanged end 47 sample

mini-column 13 is seated in the through hole 23 of the alignment assembly 15.

The outside annular edge 51 of the flange 49 is tapered so that it mates with
the taper of the inside wall of the through hole 23.

Once the alignment
agsembly

15 is snapped into place with the funnel assembly 11, tha mini-column
is held in au aligned position stable anough

to move and manipulate the
cassatte

assembly 10 without loosening the mini-columns
connection Bleeves 35.

13 from their
The mini-column 13 of thie invention is shown more

clearly in Fig. 4. It is comprised of a narrow end 33,

a flanged end 47

having an annular flange 49 ocutwardly extending from the flanged end 47. The

outside outside annular edge 51 of the flange 49 is tapered inwardly so as to
be accomodated by and self-centering in an alignment hole 23 of the alignment
assembly 15, the alignment hole aleo having a complementary tapered bore for

receiving the outside tapered mini-column flanged end 47. A logitudinal

chamber 59 connects a narrow end inlet port 53 with a flanged end outlet port
$5. Both the inlet port 53 and the outlet port 55 have a
facllitate leak-proof,

bores 41 and 57 to
high pressure seal with a nozzle interface of the

chemical treatment station of this invention or external analyte analyzer. The

chamber ies typically packed with a solid support material 61 such as silica
that has been derivatized with a lipophyllic polymer (e.g., a C18 compound)

thus rendering the support hydrophobic. Other support materiale may be usaed

including polymer or resin beads, cellulose, and the like. Further, depending

on the sample to be immobilized, the support may be made hydrophillic. The

support material is retained in the column by porous frits €3 and 65. These
frits may be made of any inert porous material including sintered polyethylene,
polypropylene, fluoropolymers, glass, and the like.

Fig. 5a is an exploded, cross-section view of the chemical treatment

cassette assembly 10 showing how the nozzles of the chemical treatment station

interface addresses the casaette. Each address of the cassettae includes a

reagent well 31 with an inlet port 29 and outlet port 43, and a sample mini-
column 13, also having an inlet port 53 and an outlet port 85. As is clearly
shown in Fig. S5a, a mini-column inlet nozzle 67 interfacem with the mini
column inlet port 53 by seating the nozzle tip 68 against the generally
concave, preferably tapered bore 41 of the mini-column inlet port 53. The
nozzle 67 containa a through-bore 69 disposed on the longitudinal axis of the
nozzle, the through-bore having & rounded, polished dietal end 68 |in
communication with the inlet port 53 of the mini-column through which solutions
and solvents are either introduced to or removed from the mini-column.

Similarly, the mini-column oulet nozzle 73 interfaces with the mini-column
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outlet port 55 by seating the rounded, polished nozzle tip 74 againet the

generally concave, preferably tapered bore 57 of the mini-column outlet port.
The nozzle 73 contains a through~bore 75 disposed on the longitudinal axis of
the nozzle, the through-bore terminating at the rounded, polished distal end
74 to provide communication with the outlet port 55 of the mini-column through

which solutions and solvents are either introduced to or removed from the mini-
colunn.

Similarly, the reagent well inlet port 29 interfaces with a reagent well
inlet nozzle 78 having the same structure as the mini-column inlet port nozzle
67, and the reagent well outlet port 43 interfaces with a reagent well outlet
nozzle 79 having the same structure as the mini-column inlet port outlet nozzle
73, to enable hydraulic and pneumatic communication of the reagent well with
the chemical treatment station.

Note that other interface means may be used including elip fittings,
threaded fittings, gasketted butt-joint fittings, and the like, however, the
preferred embodiment uses the nozzles as described above. Fig. 5b shows the
nozzle tips inserted into the generally concave, preferably tapered bored
openings of the wini-column and reagent well inlet and outlet porte. Fig. 7
is a detailed cross-section view of the nozzle tip 74 of the mini-column outlet
port nozzle 73 seated in the mini-column outlet port 55, and typifies the
nozzle/port interface of this invention. The rounded, polished end 74 of the
nozzle 713 is urged or pregsed against the generally concave, preferably tapered

wall 57 of the outlet opening 55 with a pressure sufficient to provide a leak-
proof, seal batwean the tapered opening and the nozzle tip. The seal between
the reagent well and the reagent well nozzles must withstand up to 40-50 psi,
whereas the mini-column seals must withstand pressures in excess of 1500 pal.
The mini-column/nozzle interface must withstand these higher pressures to
provide in-line HPLC capabllity.

The adavantage of the column/nozzle.Lntetface over the background art la
easily discerned. A significant amount of dead volume is introduced by the
syetem of the background art aslnce the walls of their sample funnel provide an
extensive surface area on which residues and other contaminants might collect.
These residues pose a significant cross-contamination threat where multi-step
chemistries are performed on less than milligram gqguantities of sample. By
eliminating the sample funnel as a means for dispensing reagents and solvents
to the mini-column (as in the background art) the interface of this invention
achieves a near-zero dead volume since there are no surfaces on which residues
of prior solutions might collect, while still obtaining the benefit of the

funnel for sample loading.
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Fig. 6 is a cross-section, exploded view of an equally preferred chemical

treatment cassette assembly wherein the mini-column 14 at each address is

integral to the sample funnel assembly. Thie embodiment is preferred when, for

example, the chemical treatment station is capable of performing on-board, in-
line analyeis of the reacted sample, thus vitiating the need to remove the
sample mini-column from the chemical treatment cassette (in order to perform

off-line analysis of the reacted sample immobilized on the column). This

embodiment requires no alignment assembly as each integral column is prealigned

and permanently affixed in place. Further, this embodiment permits the mini-

column inlet and outlet nozzles to act as the high-pressure interface

connection with the on-board analyzer, typlically HPLC, thus elinating the nead

to have a separate analyzer dock with a separate interface assembly in the
chemical treatment station.

The loading station of this invention comprises an X~Y alignment means,

a gasket loading means and a plunger or pressure cap means. Fig. 8 is a crose-

section view of the chemical treatment cassette of this invention in the sample

loading station. The cassette ils positioned soc that the gasket and pressure

cap will precisely engage the sample funnel. Ffig. 8 shows the cassette

positioned via an alignment means Bhown diagramatically as an alignment pin 81

extending upwards from the loading platform 83. A plurality of alignment pins

may be positioned on the platform to permit precise positioning of the cassette

assembly. Alternately, the cassette may be locked onto a slideable platform

having predetermined stops to permit the precime positioning of each sample
well 19 for single sample loading. Alternately, an alignment stop having a
shape complementary conforming to the external shape of the funnsl assembly may
be used to position and index the individual funnels during sample loading.
Once positioned, an annular gasket 87 is positioned over the sample well and
a seal is made by exerting a downward pressure on the gasket to provide a
pressure seal. The pressure seal also serves to urge the mini-column outlet
port against a drain interface B85 thus providing a seal between the outlet port
and the drain interface, and to urge the narrow end 33 of the mini-column 13
against the annular shoulder 37 in the connection sleeve 35, thus providing a
pressure sealbetween the sample funnel 19 and the mini-column. Next, the
sample solution 16 is introduced into the sample funnel 19. The pressure cap
89 is then lowered onto the gasket and pressure applied to provide a seal
between the pressure cap and the gasket. A centrally disposed plunger 90 on
the pressure cap extends intc the funnel 13. Inert gas ls then introduce into
the head space 18 between the sample solution and the plunger 20 via a gas

entry port 91 disposed in the pressure cap, thus forcing the sample solution
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16 through the mini-column 13 with the excess solution passing through the
mini-column and drained away through the waste tube 86 connected to the drain

interface B85. Once the sample solution has passed through the column, the

inert gas pressure is released, and the pressure cap and gasket are removed.

The cassette is then repositioned for sample loading of the funnel at the next
address, or optionally, either a second sample solution or a wash solvent may

be loaded. This process is repeated until all the mini-columns at the desired

addresses have been loaded. It should be noted that the loader of this
invention does not require that the sample funnel or the cassette be inserted

in a special reaction chamber or holder in order to load the mini-column as is

done in the background art. Further, the novel aspects of the loader of this

invention may be extended to a multiple sample loading station whereby more

than one address may be loaded with an sample at a time. Aleo, an optional

sample introduction port 93 may be provided in the pressure cap so that the

gasket 87, which serves to pressure seal the mini-column with the funnel prior
to introduction of the sample, may be eliminated since the pressure cap will
now provide the force required to seal the mini-column against the funnel and
the sample is not introduced into the funnel until after the pressure cap is
in place.

After the chemical treatment cassette has been loaded it is inserted into
the chemical treatment station (CTS) of this invention. The CTS positions the
cassette so that the cassette/CTS interface can be established. Positioning
of the cassette is performed automatically by means wall known in the art.
Fig. 9 is a diagram showing the caseette 10 position between the ncozzle
interface arrays 95 and 96. NAfter insertion into the CTS, the bar code 25 is
read by a bar-code reader 99. The instructions contalned in the bar code are
sent to a micro-controller and the appropriate algorithm is accepsed and loaded
for execution of the process steps and chemistries indicated by the bar code
instructions. Once the cassaette is transferred into position, interface nozzle
arrays 95 and 96 are brought togsther and into contact with the cassette wso
that the tips of the nozzles 67, 78, 73, and 79 are brought into pressure
contact with their respective mini-column and reagent well porte. As the
nozzle arrays are brought together, the bar code 25 is disabled by action of
a tab or pin 96 on the slideabls bar code forcing it to a position in the bar
code recaeiving slot 17 where the bar code is at least partially obscured. Once
the nozzle/cagsette interfaces have been established the materiale in the
reagent wells and the immobilized sample in the minicolumnes are now accessible
to the CTS sc that the predetermined cheamistries can be performed.

The preferred embodiment of the CTS of this invention is sahown
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schematically in Fig. 10. The laoded chemical treatment cassette is depicted

as being addressed by the nozzle array interfaces. The mini-columns are

addressed by the mini-column inlet port nozzles €7 and outlet port nozzles 73,
and the reagent ports are addressed by inlet nozzles 78 and outlet nozzles 79.

Each reagant well may be selected individually for processing by adjustment of

rotary valves 100, 101, 103, and 104, and each mini-column may be selected

individually by the appropriate adjustment of rotary valves 105, 106, 107,

and
108.

Note that rotary valve inlet and out let pairs; i.e., 100 and 103, 161

and 104, 105 and 107, and 106 and 108, are synchronized so that when the inlet

port of a reagent well or a mini-column is selected, the rotary valve for the
outlet port may only be set to that reagent well or mini-column.

Solvents, reagents, buffers, and other solutions are supplied from up to

Bix reagent bottles 1llla~f, with the desired reagent being selected by

appropriate adjustment of the solvent valve blocks 109 and 110, and by

appropriate selection of pressure switch from the pressurized valve blocks 122

and 123. These reagents are in addition to the reagents supplied in the

reagent wells of the cassette. All solvents must pass through valve V4 102.

pefault position for all msolvent and reagent rotary valves is set to direct the
reagents to waste 112.

" Reagents llla-f may be directed to the mini-columns by closing valve V

102. This will direct the selected reagent to the mini-column inlet selected

by the rotary valves 105 and 106 with any waste reagent passing through valve
118, valve 119 and intoc the waste bottle 112.

Solvente may be directed to the reagent wells for rehydratlon or solvatien

of adsorbed, powdered or lyophillized reagents in the reagent wells by

switching rotary valve V4 102. Solvent 1s now directed to reagent cell inlet

rotary valves 100 and 101. Note that.postion 6 of the reagent well and mini-

column rotary valves is a pass-through position. Thus if rotary valve 100 lis

set at position 6, the solvent will paes through to the reagent selected by

rotary valve 101. If desired. the sclvent may be passed-through and stored

in the mixer-diluter 114 by closing valve V8 115 and V4 102, This permites

mixing various reagents and solvents with one another, including solvated dry
reagents from the reagent walls of the cassetts, prior to moving the mixture
through line 124, valve 117 and valve 116, and to the minl-column rotary valves
105 and 106 for reaction with the immobilized eample.

The CTS of this invention provide three areas where solvent, analyte or

sample solutions may be etored. These areas include the mixer diluter which,as

described above, permits solvents and reagents to be mixed prior to reaction

with the sample or analyte. Reagents, sample and analyte may also be
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accumulated (i.e., temporarily stored) in the

heater coil 128 and in the
shaking coil 125.

It may be desireable to remove the sam

ple or analyte from
the support packing in the mini-column

for a number of reasons. For example,
where the hydrophobic Support results in g4 conformational deformation of a
protein or peptide side chain Or otherwise affects the

reactivity of the
peptide or protein side chains,

it wight be desireable to perform the desired

reaction external to the column. 1In this event, a suitable lipophobic solvent

is used to detach the protion from the Bupport. Valves V10 119, and valve 117,

and 116 are closed resulting in the sample or analyte, now in solution, to be

forced out of the inlet port of the affected mini-column, through valve 117,

heater coil 126, valve 116 and into the mixer/diluter 114 wherein the desired

reaction chemistry may be performed with

reagents already present, or
introduced later.

As another example, detaching the sample may be desireable
in the event the characteristicas of the Bupport material must be changes; e.g.,
changing it from a hydrophobic Bupport to a hydrophillic support in the middle
of the chemistry being automatically executed by the CTS.

The CTS of this invention is able to mix solvents, reactants and buffers;

to detach and shuttle the sample'back and forth (i.e., pump-up and pump-down;
to perform complex chemistries either on or off-column; and to golvate

adsorbed, powdered or lyophillized reagents, all performed automatically,

pursuant to instructions indicated to a micro-controller by a bar code, without

having to remove the cassete from the CTS, without having to detach or reattach

the CTS/cassette interface, or otherwise require human intervention. Further,
the same chemistries may be performed on all sample mini-~column addresses, or
a separate completely independent set of protocols may be defined for each
address, or for each block of addresaes.

Further, an optional analyte analyeis capability may be included in the
CTS of this invention. Any of the mini~columnsa may be converted to an in-line
HPLC column, by swithing rotary valve 117 to receive solvent from an HPLC pump
and by switching rotary valve 118 to direct the eluant to a detector. 1t ia
clear that the CTS is capable of performing a variety of analysis other than
HPLC without having to remove the cassette from the CTS. However, if on-board,
in-line analysis is not available, the mini-column may be removed from the
casstte and directly inserted into an in-line, high-pressure adapter as shown
in prig. 11, The adapter 130 receives the mini~column 13 containing the
analyte. Nozzles 131 and 133 are seated against the generally concave,
preferably tapered inlet port 53 and outlet port 55 to form a high pressure
seal. The mini-column of this invention does not require that a separate

column/adapter be provided in order to accomodate in-line HPLC.
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The process of this invention as described supra beglnning with the
loading of the cassette, followed by execution by tha CTS of the selected
chemistries as predetermined by the instructions contained on a bar code

affixed to the camssette, and concluding with either in-line onboard analysis,

or an improved external analysis is summarized in Pig. 12.

It should be understood that various modifications within the scope of
this invention can be made by one of ordinary skill in the art without
departing frow the spirit thereof. We therefore wish our invention to be
defined by the scope of the appended claima as broadly as the prior art will
permit, and in view of the speclfication if need be.
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CLAIMS

1. A chemical treatment syatem for seguential, unintarrupted treatment

of less than willigram gquantities of a plurality of chemical samples,
comprising in operative combination:
a) a chemical treatment cassette for retaining a plurality of

chemical samples for chemical treatment, said chemical treatment cassette

further comprising:

1) a funnel amssembly comprising a plurality of integrated,
individually addressable chemical solution sampling funnels for receiving
chemical sample solutions, each of said sampling funnels having a first, open
mouth end for introduction of a chemical sample sclution, and a tapered, second
conical end having a through~-hole at the apex of sald conical end, sald
sanpling funnels beiny arranged in an array to permit individual addressing for
chemical treatment;

i1 a plurality of sample mini-columns for retaining
preselected chemical samples, each of said mini-columns having a centrally

disposed chamber extending longitudinally through said mini-column, at least
one of said mini-columns having a material selected from at least one of a

solid "support, dry reagent, dry sample, liquid reagent, liquid wsample, and
porous frits disposed in said central chamber, said chamber terminating into
a first open end, said first open end having a flared, tapered inlet port, said
inlet port belﬁé in flow-through, physical connection with said through-hole
in sald conical second end of said funnel, sald connection resulting in smooth,
continuous transition of the taper from sald conical second end of salid funnel
to said taper of said inlet port, said chamber terminating into a second open
end, sald second open end having a flared, tapered outlet port, said outlet
port being in flow-through communication with sald ilnlet port, said firet open
end of each of said funnals and said tapered conical second end of each of said
funnels and permitting localized access by a compressive fit interface means
to said mini-column 4inlet port for near-zero dead volumn flow-through
communication between said interface means and said mini-columns;

iii) an optional plurility of reagent wells for
retaining preselected reagents for reaction with said preselected sample
retained in sald min-columns, said reagent wells comprising a through-bore
parallel to said longitudinal axis of said mini-column, said through-bore
terminating in a first end having a flared, tapered inlet port, and terminating
in a second end having a flared, outlet port said reagent well inlet port being

in flow-through communication with said reagent well outlet port; and

«23~

SUBSTITUTE SHEET (RULE 26)



WO 98/03264

40

45

55

60

65

70

75

PCT/US97/11828

iv) a machine readable code disposed on said chemical

treatment cassette for identifying the chemistry protocols to be performed on
the retained samples in said mini-columne;

b} a sample loading station for loading eample solutions in esaid
sample funnels, said sample loading station further comprising:

i) a cassette alignment means for aligning said chemical
treatment cassette to a predetermined X-Y position;

i1) a wsealing gasket actuator for lowering an annular

sealing gasket over sald first end of said sampling funnel when said sample
funnel ie located at said predetermined X-Y position;

iii) a pressure cap having an annular shoulder and center

plunger section for press-fit insertion into the mouth of said sample funnel
to define a fuanel headspace, said shoulder engaging sald annular gasket to
Limit the extent of insertion of sald center plunger, said pressure cap having
a through-bore gas inlet for introduction of pressurized gas into sald funnel
headspace to force sald sample solution into said inlet port of said mini-

column}

c) a chemical treatment station for performing predetermined

chemistries on a plurality of preselected ratained chemical samples located in
said chemical treatment caseette, sald chemical treatment setation further

comprising:

1) a code reading means for reading sBaid machine readable

code disposed on said chemical treatment cassette to identify the specific
chemistry protocols to be performed on said retained chemical samples;

11) a scanning means to identlify mini-column addresses
wherein sald central chamber of sald mini-column is populated;

iii) a micro-controller interface for communicating from said

code reading means to a micro-controller sald identified specific chemistry
protocols, sald micro-controller accessing spacific process algorithms pursuant
to the specific identified chemistry protocols, said procees algorithms
defining and comﬁunicating to saild micro-controller interface stepwise micro-
controller control instructions to enable execution of said identified specific
chemistries on said pre-selected chemical samples at said populated mini-column
addresses;

iv) a cassette/treatment station interface .for enabling
near-zero dead volume flow-through communication of sald chemical treatment
caseette with said chemical treatment statlon, sald cassette/treatment station
interface comprising:

a cassette interface dock for precision alignment of said chemical
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treatment cassette,

a first nozzle array comprising a plurality of nozzles spatially
arrayed to be congruous with paid mini-column inlet ports and reagent well

inlet ports for flow-through localized interfacing with said minl-column inlet
ports and said reagent well inlet ports,

a second nozzle array having a plurality of nozzles spatially
arrayed to be congrucus with sald mini-column outlet ports and reagent well
outlet porte for flow through communication with said mini-column cutlet pofts
and sald reageunt well ocutlet ports,

gald first nozzle array positioned abové sald cassette interface
dock, sald nozzles in said first array having nozzles tips extending downward
towards said cassette interface dock,

paid second nozzle array position below said cassette interface
dock, said nozzles in said second nozzle array having nozzle tips extending
upwards to said cassette interface dock, and

paid nozzles in sald first array and said nozzles in said second
array establishing said flow-through localized interface by first aligning sald
chemical treatment cassette in sald camsette interface dock and by compression
fitting said nozzle tips in said first nozzle array against said tapered
opening of said mini-column inlet ports and gald reagent well inlet ports, and
by compression fittlng said nozzle tipe in said second nozzle array against
said tapered cpening of said mini-column outlet ports and said reagent well
outlet ports;

v) a chemical delivery subsystem for providing automatic

flow through chemistries on said preselected chemical samples further

comprising:

a solvent bank providing a plurality of reagents and solvents to
said reagent wells for solubilizing sald reagents retained therein and for
reaction with said chemical samples pursuant to sald ldentified speclfic
chemiatry protocols,

a rotary valve array further comprising a mini-column inlet port
rotary valve array for individual addressing of mini-column inlet ports, a
mini-column cutlet port rotary valve array for individual addressing of mini-
column outlet ports, said mini-column inlet port roéary valve array and sald
mini~column outlet port rotary valve array being eynchronized to a single mini-
column address to permit active interface with only one mini-column inlet and
outlet port at a time, and a reagent well lnlet port rotary valve array for
individual addressing of reagent well inlet ports, a reagent well outlet port

rotary valve array for individual addressing of reagent well outlet ports, said
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reagent well inlet port rotary valve array and salid reagent well outlet port
rotary valve array being synchronized to a single reagent well address to

permit active interface with only one reagent waell inlet and outlet port at a
time,

a plurality of accumulators for temporary storage of solvents and

reagents, and temporary etorage of detached chemical eample ¢to enable

chemistries to be performed on said detached samples, and to enable chemistries
not including said detached samples to be performed in said mini-column, ‘

a mixer/diluter reservoir in communication with sald solvent bank,

reagent wells, and wini-columns for temporary retention of at least one of a

solvent, reagent, sample, and mixtures thereof,
a pneumatic pressurlzing system for bi-directional transfer of
solvents, reagents, and chemical samples to and from sald reagent wells,

said

mini-columns, sald accumulators, and said mixer/dlluter, and for supplying

inert gas to eaid chemical treatment daelivery subsytem, and

an optional valve means for integration of an analyzer subsystem
into said chemical delivery subsystem to permit automatic analysis of the
sample retained in said mini-columns without removal of said mini-columns from
said chemical treatment <cassstte and without

disengaging said
casgette/treatmant station interface.

2. A chemical treatment system as in claim 1 wherein said chemical

treatment cassette further comprises an alignment meane for aligning said mini-

columns such that the longitudinal axis of sald minl columns is coincident with
the longitudinal axis of said sample funnels.

3. A chemical treatment system as in claim 1 wherein a sclid support

material is disposed Lu said central chamber of said mini-column, said solid
support material being treated to immobilize said chemical sample, saidsolid
support being retained in said mini-columne by porous frite disposed in said

central chamber at sald inlet port end and at said outlet port end.

4. A chemical treatment system as in claim 1 wherein said mini-columns

are integral to said funnel aseembly to provide a unitary, one-plece

funnel/mini-column assembly.

5. A unitary, one-plece sample mini-column for retaining a chemiceal

sample for chemical treatment, said sample mini-column comprising a centrally

dieposed chamber extending longitudinally through a cylindrical column, said
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chamber terminating into a first'open end, said first open end having a flared,

tapered inlet port, said first open end enabling s8lip fit, flow-through,
physical connectlion with a connection sleeve, sald connection sleeve extending

from a through-hole in the tapered, conical end of a sampling funnel, paid

connection resulting in smooth, continuous transition of the taper from said

conical end of said funnel to sald taper of said inlet port, said chamber

terminating lnto a second open end, said second open end having a flared,

tapered outlet port, said outlet port being in flow-through communication with

said inlet port, both said tapered inlet port and outlet port providing means
for localized, leak-proof communication with a compression fit interface means.

6. A sample mini-column as in claim &5 further comprising a solid
support material disposed in said central chamber, said solid Bupport material
being tretaed to immobilize said chemical sample, said molid support retained

in said mini-columns by porous frits disposed in sald central chamber at said

inlet port and at said outlet port.

7. A chemical treatment cassette for retaining a plurality of chemical
samples for chemical treatment, said chemical treatment cassette comprising:

a) an integrated, one-pliece funnel assembly comprising a
pPlurality of individually addressable chemical solution sampling funnela for
receiving chemical sample solutions, each of said sampling funnels having a
first, open mouth end for introduction of a chemical sample solution, and a
tapered, second conical end having a through-hole at the apex of said conical
end, said sampling funnels being arranged in an array to permit individual
addressing for chemical treatment;

b) a plurality of sample mini-columns for retaining preselected
chemical samples, each of said mini~-columne having a centrally disposed chamber
extending longitudinally through said mini-column, at least one of said mini-
columns having a material selected from at least one of a solid support, dry
reagent, dry sample, liquid reagent, liquid sample, and porous frits disposed
in said central chamber, sald chambar terminating into a firat open end, said
first open end having a flared, tapered inlet port, sald inlet port being in
flow-through, physical connection with said through-hole in sald conical second
end of sald funnel, said connection resulting in smooth, continuous transition
of the taper from said conical second end of sald funnel to said taper of eaid
inlet port, sald chamber terminating into a second open end, said second open
end having a flared, tapered outlet port, said oﬁtlet port baing in flow-
through communication with said inlet port, said firet open and of each of said
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funnele and said tapered conical second end of each of said funnels and
permitting localized access by a compressive fit interface means to said mini-

column inlet port for near-zero dead volumn flow-through communication between
said interface means and sald mini-columns;

c©) an optional plurality of reagent wells for retalning preselected
reagents for reaction with said preselected sample retained in sald minj-

columns, said reagent wells comprising a through-bore parallel to sald

longitudinal axis of said mini-column, said through~bore terminating in a first
end having a flared, tapered inlet port, and terminating in a second end having
a flared, outlet port said reagent well inlet port being in flow-through
comnunication with said reagent well outlet port; and

d) a machine readable code disposed on said chemical treatment

cassette for identifying the chemistry protocols to be performed on the

retained samples in sald mini-columns.

8. A chemical treatment cassette as in clalm 7 further comprising an

alignment means for aligning said mini-columns such that the longitudinal axis

of said mini columns is colncldent with the longitudinal axis of said sample
funnels.

9. A chemical treatment cassette as in claim 7 wherein a solid support

material is disposed in said central chamber of said mini~column, waid solid
support material being treated to immobilize sajid chemical sample, saidsolid
support being retained in said mini-columns by porous frits disposed in said

central chamber at said inlet port end and at said outlet port aend.

10. A chemical treatment cassette as in claim 7 wherein said mini-

columns are integral to said funnel asssmbly to provide a unitary, one-place
funnel/mini~column assembly.

11. A chemical sample loading station for loading sample solutions in

a sample funnel of a chemical treatment cassette, comprising in operative
combination:
a) a cassette alignment means for aligning the chemical treatment

cassette to a predetermined X-Y position;

b) a sealing gasket actuator for lowering an annular sealing

gasket over a first open end of a sampling funnel when said sample funnel is

located at eaid predetermined X-Y position, said eealing gasket actuator

exerting compressive force on gaid sealing gasket and said sample funnel to
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provide leak-proof seal between sald sealing gasket and said open end of sald
funnel, sald annular sealing gasket permitting introduction of sample solution

or solvent into said funnel without having to disengage said sealing gasket
actuator from said sampling funnel; and

c) a pressure cap having an annular shoulder and center plunger
section for press-fit insertion into the mouth of sald sample funnel to define

a funnel headspace, said shoulder engaging said annular eealing gasket to limit

the extent of insertion of eald center plunger, sald pressure cap having a
through-bore gas inlet for introduction of a pressurized gas into said funnel

headspace to force said sample solution into the through-hole of the conical
second end of said sampling funnel.

12. N pample loading station as in claim 11 wherein sald sample loading

station further comprises a plurality of said eealing gasket actuators, and a

plurality of sald pressure caps for simultaneous sample solution introduction

to a plurality of sample funnels.

13. A chemical treatment station for performing predetermined
chemistries on a plurality of preselected retained chemical samples locsted in
chemioal treatment cassette having a plurality of individually addressable
sample mini-columns for retaining preselected chemical samples, the mini-
columns having tapered inlet ports and outlet ports, and optionally having a
plurality of reégent wells for retaining reagents, the reagent wells having
tapered inlet ports and outlet ports, said chemical treatment station
comprising:

a) a code reading means for reading a machine readable code
dieposed on the chemical treatment cassette to identify the predetermined
specific chemistry protocols to be performed on the retained chemical samples;

b) a scanning means to identify mini-column addresses wherein
paid central chamber of said mini-column is populated;

c) a micro-controller interface for communicating from said code
reading means to a micro-controller eaid identified specific chemistry
protocols, said micro-controller accessing speciflic process algorithms pursuant
to the specific identified chemistry protocols, said process algorithme
defining and communicating to said micro-controller interface step-wise micro-
controller control instructions to enable exacution of sald ldentified specific
chemistries at sald populatad mini-column addresses;

d) a cassette/treatment station interface for enabling near-zero

dead volume flow-thirough communication of the chemical treatment cassette with
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said chenical treatment station, said cassette/treatment station interface

comprising:

i) a capseette interface dock for precision alignment of the

chemical treatment cassette,

i) a first nozzle array comprising a plurality of nozzles

opatlially arrayed to be congruous with mini-column inlet ports and reagent well
inlet ports for flow-through locallzed interfacing with the mini~column inlet
ports and the reagent well inlet ports,

i11) a second nozzle array having a plurality of nozzles

spatially arrayed to be congruous with the mini~column outlet ports and reagent
well outlet ports for flow through communication with the mini-column outlet
ports and the reagent well outlet ports,

iv) sald first nozzle array positioned above sald cassette

interface dock, said nozzles in said first array having nozzles tipe extending

downward towards said cassette interface dock,

v) said second nozzle array position below said cassette
interface dock, said nozzles in said second nozzle array having nozzle tips
extending upwards to said cassette interface dock, and

vi) said nozzles in said first array and sald nozzles in

said second array esatablishing a flow-through localized interface by firest
aligning said chemical treatment cassette in said cassette interface dock and
by compression fitting said nozzle tips in said first nozzle array against said
tapered opaning.bf said mini-column inlet ports and sald optional reagent well
inlet ports, and by compression fitting sald nozzle tips in sald second nozzle

array agailnst sald tapered opening of said mini-column ocutlet ports and said

optional reagent well outlet ports; and

e) a chemical delivery subsystem for providing automatic flow

through chemistries on the preselected chemical samples further comprising:

1) a solvent bank for providing a plurality of reagents and
solvents to said optional reagent wells for solubllizing said reagents retained
therein and for reaction with the preselected chaemical samples pursuant to said

identified pre-determined specific chemistry protocols,

i) a rotary valve array further comprising a mini-column
inlet port rotary valve array for individual addressing of mini-column inlet
ports, a mini-column outlet port rotary valve array for individual addremssing
of mini-column outlet ports, sald mini-column inlet port rotary valve array and

sald mini-column outlet port rotary valve array being synchronized to a single

mini~column address to permit active, flow-through localized interface with

only one mini-column at a time, and a reagent well inlet port rotary valve
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array for individual addressing of reagent well inlet ports, a reagent well
outlet port rotary valve array for individual addressing of reagent well outlet
ports, sald reagent well inlet port rotary valve array and said reagent well
outlet port rotary valve array being synchronized to a single reagent wall

address to permit active, flow-through localired interface with only one

reagent well at a time,

iii) a plurality of accumulators for temporary storage of
solvents and reagents, and temporary storage of detached chemical sample to
enable chemistries to be performed on said detached samples, and to enable
collateral chemistries not including said detached samples as a reagent to be

performed in the mini-columne,

iv) a mixer/diluter reservoir in communication with said
solvent bank, reagent wells, and mini-columns for temporary retention of at
least one of a solvent, reagent, sample, and mixtures thereof,

v) a pneumatic pressurizing system for bi-directional
tranafer of solvents, reagents, and chemical samples to and from sald reagent
wells, said mini-columns, said accumulators, and said mixer/diluter, and for
supplying inert gas to said chemical treatment delivery subesytem, and

vi) an optional valve means for integration of an analyzer
subsystem into sald chemical delivery subsystem to permit automatic analysis

of the sample retained in said mini-columns without removal of said mini-

columns from maid chemical treatment cassette and without disaengaging said

cassette/treatment station interface.

14. A chemical treatment etation as in claim 13 wherein sald analyzer

subsystem ie a high performance liquid chromatograph.

15. A chemical treatment system for treatment of less than milligram
quantities of a chemical sample, comprieing in operative combination:

a) a chemical sample retaining means for holding a plurality of
chemical samples for chemical treatment, said chemical sample retaining means
further comprising:

i) a sample funneling means for receiving a plurality of
chemical sample solutions, said sample funneling means permitting individual
addressing of each of said plurality of chemical sampling solutions for
chemical treatment;

i1) means for retaining an individual preselected chemical
sample, said individual sample retaining means being in flow-through, physical

connection with said funneling means, said means permitting near-zero dead
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volume compression fit with an interface means;

1ii) an optional plurality of reagent retalning means for

retaining preselected reagentse, sald reagent retaining means permitting flow-
through communication there through;

iv) a machine readable code disposed on said chemical sample

retaining means for identifying the chemistry protocole to be performed on the
retained samples in sald individual sample retaining means;

b) a sample loading means for loading sample solutions in said
sample funneling means, sajid sample loading means further comprising:

I} an alignment means for aligning said chemical sample
retaining means to a predetermined X-Y position;

i) a sealing gasket actuator means for loading a sealing

gasket on said sample funneling means and for providing compressive force on

said funneling means when said sample funneling means is located at said
predetermined X-Y position;

iii) a pressure cap means for introduction of pressurized gas

into said sample funneling means and for forcing a sample solution through said

individual sample retaining means;

c) a chemical treatment station for performing predetermined
chemistries on a plurality of preselected retained chemical samples located in

said chemical sample retaining means, said chemical treatment astation further
comprising:

1) a code reading means for reading said machine readable
code disposed on said chemical treatment cassette to ldentify the specific
chemistry protocols to be performed on said retained chemical samples;

i) a scanning means to identify populated mini-column
addresses;

iii) a micro-controller interface means for communicating

from said code reading means to a micro-controller sald identified specific

chemistry protocols, weaid micro-controller accessing specific process

algorithms pursuant to the specific identified chemistry protocols,
process algorithms defining and communicating to

said
sald micro-controller
interface step-wlse micro-controller control instructions to enable execution
of sald identified specific chemistries on sald pre-selected chemical samples

at said populated mini-column addresses;

iv) a chemical casstte/treatment interface means

enabling flow-through locallized communication of

for

sald chemical sample
retaining means with said chemical treatment station,

comprising:

sald interface means
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a docking means for precision alignment of sald chemical sample
retaining means,
an interface means for establishing flow-through localized interface

between said chemical treatment station and sald chemical sample retaining

means;
iv) a chemical delivery subsystem for providing automatic

flow through chemistries on said preselected chemical samples further

compriasing:

a sélvent storage means for providing a plurality of reagents and
solvents to sald reagent retention means for solubilizing sald reagents
retained therein and to said chemical sample retaining means for treatment of
said chemical samples in said individual sample retaining means pursuant to

said identified specific chemistry protocols,

a valve means for individual addressing of said individual sample
retaining means and for individual addressing of said reagent retention means,

a plurality of accumulator means for temporary storage of solvents
and reagents, and temporary atorage of detached chemical sample to enable
chemistries to be performed on said detached samples, and to enable chemistries
not including said detached samples as a reactant to be performed in said
individual sample retaining means

a mixer/diluter reservoir in communication with said solvent bank,
reagent wellsf and mini-columne for temporary retention of at least one of a
solvent, reagent, sample, and mixtures thereof,

a pneumatic pressurizing system for bi-directional transfer of
solvents, reagents, and chemical samples to and from said reagent wells, said
nini-columns, said accumulators, and said mixer/diluter, and for supplying
inert gas to said chemical treatment delivery subsytem, and

an optional valve means for integration of an analyzer subsystem
into said chemical delivery subsystem to permit automatic analyeis of the
sample retained in said mini-columns without removal of said mini-columns from
said chemical treatment cassette and without disengaging said

cagsette/treatment station interface.

16. A method for rapid, sequential, uninterrupted chemical treatment of
less than milligram quantities of a plurality of chemical samples, comprising
the steps of:

a) providing a chemical treatment cassette for retaining a
plurality of chemical samples for chamical treatment, said chemical treatment

cassette further comprising:
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i) a funnel assembly comprieing a plurality of integrated,

individually addressable chemical solution sampling funnels for receiving
chemical sample solutions, each of gaid sampling funnels having a first, open
mouth end for introduction of a chemical sample solution, and a tapered, second
conical end having a through-hole at the apex of said conical end, msald
sampling funnels belng arranged in an array to permit individual addresaing for
chemical treatment;

ii) a plurality of sample mini-columns for retaining
preselected chemical Bpamples, each of gaid mini-columns having a centrally
disposed chamber extending longitudinally through sald mini-column, at least

one of said minl-columns having a material selected from at least one of a

solld support, dry reagent, dry sample, liquid reagent, ligquid sample, and

porous frite disposed in said central chamber, said chamber terminating into
a first open end, said first open end having a flared, tapered inlet port, said
inlet port being in flow-through, physical connection with said through-hole
in said conical eecond end of said funnel, said connection resulting in smooth,
continuous transition of the taper from said conical second and of said funnel
to said taper of said inlet port, said chamber terminating into a second open
end, said second open end having a flared, tapered outlet port, said outlet
port being in flow-through communication with said inlet port, said first open
end of each of said funnels and said tapered conical second end of sach of said

funnels and permitting localized access by a compressive fit interface means

to said mini-column inlet port for near-zero dead volumn flow-through

communication between said interface means and said mini-columns;

iii) an optional plurality of reagent wells for retalning
preselected reagents for reaction with said preselected sample retained in said
min-columns, sald reagent wells comprising a through-bore parallel to said
longitudinal axis of said mini-column, said through-bore terminating in a first
end having a flared, tapered inlet port, and terminating in a second end ﬁaving
a flared, outlet port said reagent wall inlet port being in flow-through
communication with said reagent well outlet port; and

iv) a machine readable code disposed on said chemical

treatment cassette for identifying the chemistry protocols to ba performed on
the retained samples in sald mini-columns;

b) providing a sample loading station for loading
solutione in sald wsample funnels, sald

sample

sample loading station further
comprising:
i) a cassette alignment means for aligning eald chemical
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treatment cassette to a predetermined X-Y position:

ii) a Bealing gasket actuator for lowering an annular
sealing gasket over said first end of said sampling funnel when said sample
funnel is located at said predetermined X-Y position;

iii) a prassure cap having an annular shoulder and center

plunger section for press-fit insertion into the mouth of said sample funnel
to define a funnel headspace, said shoulder engaging said annular gasket to
limit the extent of insertion of said center plunger, sald pressure cap having
a through-bore gas inlet for introduction of pressurized gas into sald funnel
headspace to force said sample solution into said inlet port of said mini-

column;

c) loading a preselected chemical sample solution into each
funnel of said funnel assembly;
d) retaining a preselected chemical sample in said mini~columns;
e) providing a chemlical treatment station for performing
pradetermined chemistries on a plurality of preselected retained chemical
samples located in said chemical treatiment cassette, said chemical treatment
station further comprising:

L) a code reading means for reading said machine readable
code disposed on Baid chemical treatment cassette to identify the specific
chemistry protocols to be performed on said retained chemcial samples;

1) a scanning means to ldentify mini-column addresses
wherein said cehﬁral chamber of said mini-column is populated;

1ii) a micro-controller interface for communicating from said
code reading means to a micro-controller sald identified specific chemistry
protocols, said micro-controllier accessing specific process algorithms pursuant
to the specific identified chemistry protocols, gaid process algorithms
defining and communicating to said micro-controller interface stepwise micro-
controller control instructions to enable execution of said identified specific
chemistries on said pre-selected chemical samples at sald populated mini-column
addresses;

iv) a caspette/treatment station interface for enabling
near-zero dead volume flow~through communication of sald chemical treatment
cassette with said chemical treatmsnt station, said cassette/treatment station
interface comprising:

a cassette interface dock for precision alignment of said chemical
treatment cassette,
a first nozzle array comprising a plurality of nozzles spatially

arrayed to be congruous with said mini-column inlet ports and reagent well
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inlet ports for flow-through localized interfacing with said mini-column inlet

ports and sald reagent well inlet ports,

a second nozzle array having a plurality of nozzles spatially

arrayed to be congrucus with said wini-column outlet ports and reagent well

outlet ports for flow~through lcoalized interfacing with

sald mini-column
outlet ports and said reagent well outlet ports,

sald first nozzle array positioned above said cassette interface

dock, said nozzles in said first array having nozzles tips extending downward
towards said cassette interface dock,

said second nozzle array position below said cassette interface

dock, Baid nozzles in said second nozzle array having nozzle tips extending

upwards to sald cassette interface dock, and

sald nozzles in said first array and said nozzles in sald second
array establishing said flow-through localized interface by first aligning said
chemical treatment cassette in said cassette interface dock and by compression
fitting said nozzle tips in eald first nozzle array against said tapered
opening of said mini-column inlet ports and said reagent well inlet ports, and
by compression f£itting eald nozzle tips in pald second nozzle array against
said tapered opening of said mini-column outlet ports and said reagent well

outlet ports;

iv)  a chemical delivery subsystem for providing automatic

flow through chemistries on sald preselected chemical

comprising:

samples further

a solvent bank for providing a plurality of reagents and solvents
to sald reagent wells for solubilizing said reagents retained therein and for
reaction with Bsaid chemical samples pursuant to said identified specific
chemistry protocols,

a rotary valve array further comprieing a minicolumn inlet port
rotary valve array for individual adsressing of mini-column inlet porte, a
mini-column outlet port rotary valve array for individual addressing of mini-
column outlet ports, said mini-column inlet port rotary valve array and said
mini-column outlet port rotary valve array being synchronized to a single mini-
column address to permit active interface with only one mini-column inlet and
outlet port at a time, and a reagent well inlet port rotary valve array for
individual adsressing of reagent well inlet ports, a reagent well outlet port
rotary valve array for individual addressing of reagent well outlet ports, sald
reagent well inlet port rotary valve array and said reagent well outlet port
rotary valve array being synchronized to a gingle reagent well address to

permit active interface with only one reagent well inlet and outlet port at a
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time,

a plurality of accumulators for temporary Btorage of solvents and
reagents, and temporary =storage of detached chemical sample to enable
chemistries to be performed on said detached samples, and to enable chemistries

not i{ncluding said detached samples to be performed in said mini-column,
a mixer/diluter reservoir in communication with sald solvent bank,
reagent wells, and mini-columns for temporary retention of at least one of a

solvent, reagent, sample, and mixtures thereof,

a pneumatic pressurlizing eystem for bi-directional tranafer of
solvents, reagents, and chemical samples to and from salid reagent wellis, salid
mini-columns, said accumulators, and said mixer/dlluter, and for supplying
inert gas to said chemical treatment delivery subsytem, and

an optional valve means for integration of an analyzer subsystem
into said chemical delivery subsystem to permit automatic analysis of the
sample reatined in said ani—colﬁmns without removal of said mini-columns from
said chemical treatement cassette and without disengaging said
cassette/treatment station interface;

£f) inserting said chemical treatment cassette into said chemical

treatment sation;

g) scanning said mini-columns to identify populated addresses;
h) reading said machine readable barcode to lidentify the
chemietry protocols to be performed on said samples;
1) communicating eaid identified protocols to a micro-controller;
3 accesaing and loading the correct process algorithm pursuant

to the specific identified chemistry protocols for stepwise micro-controller

control of said cassette treatment interface and said chemical delivery

subbsystem;

k) establishing flow-through communication of said chemical
treatemnt cassette with said chemical treatment station by engaing the

cassette/treatment station interxface);

1) executing sequential, uninterrupted chemistry protocols on

said plurality of samples; and

m) analyzing each analyte.
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