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(57) ABSTRACT 

This invention is directed to a cassette chemical chemical 
treatment station. The system with the cassette performs 
various complex chemistries with minimal human 
intervention, near-Zero dead volume, and ?ow-through pro 
tocols pursuant to a predetermined instruction set encoded 
on a multiple-address chemical treatment cassette assembly. 
The cassette assembly having a high pressure interface 
capability to permit direct insertion of the mini-column into 
a high-pressre solvent line for use as a support column for 
HPLC analysis. A sample loader loads analyte samples 
either singly or simultaneously into the multiple, address 
able mini-columns without the need to load the sample 
funnel/column assembly into a separate reaction chamber. 
The inventive system reads the machine readable instruction 
code and performs chemistries on the analyte, including 
mixing solvents, reactants and buffers; detaching and shut 
tling the analyte back and forth performing complex chem 
istries either on or off-column; salvation of powdered or 
lyophilliZed reagents; and performing in-line, on-board 
analysis. These protocols are performed automatically pur 
suant to instructions contained on a bar code, without having 
to remove the cassette or interface from the CTS, or other 
wise require human intervention. The same chemistries may 
be performed on all sample mini-column addresses, or a 
separate completely independent set of protocols may be 
de?ned for each address, or for each block of addresses 
pursuant to the instructions contained in the machine read 
able code on the cassette. 

6 Claims, 18 Drawing Sheets 

I09 
SOLVENT VALVE BLOCK A 

o’ n/ 

VENT VALVE BIOCK A 
_ 

H0 
( SOLVENl VALVE BLOCK B 

VENT VALVE BLOCK B 
— 

REAGENTS ’ COLUMNS 

gill III] III/1W0’. 
4 d 107 ‘05 
ANALVZE 

conncumnou —— 

ONLY 



US 6,168,760 B1 
Page 2 

US. PATENT DOCUMENTS 5,580,528 12/1996 Demers .......................... .. 422/102 X 
5,589,063 * 12/1996 Sunford et a1. .. . 73/61.55 X 

4,102,179 7/1978 Snell ................................. .. 73/6156 576027037 2/1997 ostgaard et a1~ " 422/1O1 X 
4,166,720 9/1979 Weber -- 73/866 X 5,645,702 7/1997 W11161 61. 204/501 
4,186,607 2/1980 Porter @191- 73/6155 5,646,046 7/1997 P1661161 6161. 422/67 X 
4,285,698 * 8/1981 0110 e191 ---- -- 436/20 5,658,413 * 8/1997 K6116nb661<6161 422/70X 
4,376,391 3/1983 Brunnee ---- -- -73/864-81 X 5,697,409 12/1997 Bishop 6161. ................. .. 141/130X 

4,692,308 9/1987 Riley et a1- - ---- -- 422/65 5,762,873 6/1998 Fanning 6161. .................. .. 422/65 X 
4,915,847 4/1990 Dillon et al. 422/101 X 578007784 9/1998 Horn __ 73/6455 X 
4,929,426 5/1990 Bodai 9t a1~ ~~~~ ~- 422/63 5,814,277 9/1998 136116161. ................... .. 73/864.21 X 
4,932,081 6/1990 Burns ................................. .. 422/102 578857530 3/1999 Babson et a1_ _______________________ __ 422/67 
5,045,196 9/1991 Fang ............................... .. 422/101 X 
5,084,242 1/1992 861611166 6161. .. 422/67 X OTHER PUBLICATIONS 

é/l993 PhllhpS et al' ' "" " 422/60 Nugent, K.D.; Burton, W.G.; Slattery, T.K.; Johnson, B.F.; 
, , /1993 Sanford et al. 422/70 X 

572297074 7/1993 Heath et aL 422/67 X Snyder, L.R. Jun. 29, 1988, J. Chrorn. 443, 381—397. 
572367666 8/1993 Hulette et a1_ _ __ 422/67 X HeW1ett—Packard Product Brochure: The HP G1004A Pro 
5,358,641 10/1994 SanfOId 6161. .................. .. 422/70X rein Chemistry Station minimizes sample handling and 
5,374,395 12/1994 Robinson et a1. ............... .. 422/63 X sample loss in HPLC and sequencing analysis. (23) 
5,439,645 8/1995 Saralegui et a1. .. 5091—5168E NOV. 1992 (4 pgs). 
564686643 11/1995 511 et a1~ ----------- ~~ HeW1ett—Packard Product Brochure: Increase lab productiv 

‘lila?terllbalih ft {11' " ity With the HP G005A Protein Sequencing Systern. 
, , ee 00 e a. . _ 

5,571,410 11/1996 SWedbeIg 6161. . (23 5091 5170B NOV‘ 1992) (7 pgs)‘ 
5,578,268 11/1996 ChampseiX et a1. * cited by eXarniner 



U.S. Patent Jan. 2, 2001 Sheet 1 0f 18 US 6,168,760 B1 

ll'—___ _____/ 

PRIOR ART 

FIG. 1 



U.S. Patent Jan. 2, 2001 Sheet 2 0f 18 US 6,168,760 B1 

PRIOR ART 



Sheet 3 6f 18 US 6,168,760 B1 U.S. Patent Jan. 2, 2001 



U.S. Patent Jan. 2, 2001 Sheet 4 0f 18 US 6,168,760 B1 

and: 



Sheet 5 6f 18 US 6,168,760 B1 U.S. Patent Jan. 2, 2001 



U.S. Patent Jan. 2, 2001 Sheet 6 6f 18 US 6,168,760 B1 



Sheet 7 6f 18 US 6,168,760 B1 U.S. Patent Jan. 2, 2001 



U.S. Patent Jan. 2, 2001 Sheet 8 0f 18 US 6,168,760 B1 





U.S. Patent Jan. 2, 2001 Sheet 10 0f 18 US 6,168,760 B1 





U.S. Patent Jan. 2, 2001 Sheet 12 0f 18 US 6,168,760 B1 

r/4///// // , 
X, 

b | V. - | 
m 

. / //// 



U.S. Patent Jan. 2, 2001 Sheet 13 0f 18 US 6,168,760 B1 

5 1 .j/ AV\\\\\\\\.\\\ @\\\\\\\\ 
3 2 



U.S. Patent Jan. 2, 2001 Sheet 14 0f 18 US 6,168,760 B1 

. /// ///A/1 



U.S. Patent Jan. 2, 2001 Sheet 15 0f 18 US 6,168,760 B1 

99 







U.S. Patent Jan. 2, 2001 Sheet 18 0f 18 US 6,168,760 B1 

PLACE MINI-COLUMNS IN THE 
CHEMISTRY CASSETTE 

I 
LOAD SAMPLES ONTO USER EXTERNAL 
MINI-COLUMNS IN THE 
CASSETTE 

II 
PLACE CASSETTE IN THE CHEMICAL MAKE SEAL BETWEEN : 
TREATMENT STATION FOR _ WELL AND MINI-COLUMN 

AUTOMATED CHEMISTRY REACTION 
I 

II TPIPETTE SAMPLE INTO WELH 
I READ CASSETTE'S BAR-CODE 

AND IDENTIFY CHEMISTRY I, 
SEAL WELL AND PRESSURIZE 

I WELL HEAD-SPACE 
| ENGAGE NOZZLES/DISABLE BAR-c005 

COLLECT II 
IMPLEMENTED '" SELECT CHEMISTRY CALLED 
AN AUTOMATED 
CHEM|CAL FOR BY BAR-CODE 
TREATMENT 
STATION II 

I IMPLEMENT CHEMISTRY I 

II 
CAPTURE OR RETAIN ANALYTE(S) 
OF INTEREST ON THE MINI COLUMNS 

II REMOVE MINI-COLUMN 
II 

SWITCH MINI-COLUMN IN-LINE 
WITH BUILT-IN ANALYTICAL 
DEVICE AND IMPLEMENT 
ANALYSIS II 

PLACE MINI-COLUMN DIRECTLY IN 
LINE IN EXTERNAL ANALYTICAL 
DEVICE AND PERFORM ANALYSIS 
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FIG.I2 
























