
US 20020153312A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0153312 A1 
(19) United States 

Gj erde et al. (43) Pub. Date: Oct. 24, 2002 

(54) METHOD AND SYSTEM FOR RNA 
ANALYSIS BY MATCHED ION 
POLYNUCLEOTIDE CHROMATOGRAPHY 

(76) Inventors: Douglas T. Gjerde, Saratoga, CA (US); 
David P. Hornby, Widnes (GB); 
Christopher T. Hanna, Green?eld, MA 
(US); Alexander I. Kuklin, Blue Bell, 
PA (US) 

Correspondence Address: 
JOHN F. BRADY 
TRANSGENOMIC, INC. 
2032 CONCOURSE DRIVE 
SAN JOSE, CA 95131 (US) 

(21) 10/126,055 

(22) 

Appl. No.: 

Filed: Apr. 18, 2002 

Related U.S. Application Data 

(60) Division of application No. 09/557,424, ?led on Apr. 
21, 2000, Which is a continuation-in-part of applica 
tion No. 09/183,123, ?led on Oct. 30, 1998, noW Pat. 

No. 6,066,258, Which is a continuation-in-part of 
application No. 09/058,580, ?led on Apr. 10, 1998, 
noW abandoned, Which is a continuation-in-part of 
application No. 08/748,376, ?led on Nov. 13, 1996, 
noW Pat. No. 5,772,889. 

Publication Classi?cation 

(51) Int. Cl? ......... .. B01D 15/08 
(52) U.S. c1. .......................................... .. 210/635; 210/656 

(57) ABSTRACT 

AMatched Ion Polynucleotide Chromatography method and 
system for size-based segregation of a mixture of RNA 
molecules. The method includes applying the mixture to a 
reverse phase column containing polymeric beads and elut 
ing, preferably under denaturing conditions, the RNA mol 
ecules With a mobile phase Which includes counterion 
reagent and an organic component. The method can be used 
in segregating RNAmolecules having lengths in the range of 
about 100 to 20,000 nucleotides. Improved segregation is 
obtained using a chromatography column having an ID 
greater than about 5 mm. 
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METHOD AND SYSTEM FOR RNA ANALYSIS BY 
MATCHED ION POLYNUCLEOTIDE 

CHROMATOGRAPHY 

CROSS REFERENCE TO RELATED 
CO-PENDING APPLICATIONS 

[0001] This application is a continuation in part of US. 
patent application Ser. No. 09/183,123 ?led Oct. 30, 1998, 
Which is a continuation in part of US. patent application Ser. 
No. 09/058,580 ?led Apr. 10, 1998, Which is a continuation 
in part of US. Pat. No. 5,772,889. This application is a 
regular US. patent application under 35 U.S.C. §111(a) and 
35 U.S.C. §1.53(b) and claims priority from the following 
co-pending, commonly assigned provisional applications, 
each ?led under 35 U.S.C. §111(b), each of Which is 
incorporated herein by reference: 

[0002] 60/130,824 ?led Apr. 23, 1999, 

[0003] 60/135,314 ?led May 20, 1999, 

[0004] 60/155,685 ?led Sep. 23, 1999, 

[0005] 60/163,197 ?led Nov. 3, 1999, 

[0006] 60/187,979 ?led Mar. 9, 2000. 

FIELD OF THE INVENTION 

[0007] The present invention is directed to the analysis of 
RNA molecules by liquid chromatography. More speci? 
cally, the invention is directed to a liquid chromatography 
system and method, such as Matched Ion Polynucleotide 
Chromatography, Which enhances the puri?cation of RNA. 

BACKGROUND OF THE INVENTION 

[0008] RNA molecules are polymers comprising sub-units 
called ribonucleotides. The four ribonucleotides found in 
RNA comprise a common cyclic sugar, ribose, Which is 
covalently bonded to any of the four bases, adenine (a 
purine), guanine (a purine), cytosine (a pyrimidine), and 
uracil (a pyrimidine), referred to herein as A, G, C, and U 
respectively. A variety of modi?ed bases are also encoun 
tered in RNA. Aphosphate group links a 3‘-hydroxyl of one 
ribonucleotide With the 5‘-hydroxyl of another ribonucle 
otide to form a polymeric chain. Secondary structure com 
monly occurs via intra-chain hydrogen bonds betWeen 
complementary bases. 

[0009] Ribonucleic acid (RNA) transports genetic infor 
mation Within the cell. In the most general terms, RNA 
passes speci?c peptide and protein coding information from 
the genome in the nucleus to those parts of the cell respon 
sible for the production of these peptides and proteins. There 
are a number of different RNAs found in the cell at any given 
time. Some of them are noted beloW, along With their 
functions: 

[0010] Messenger RNA (mRNA): Carries the coding 
messages to the ribosomes for the production of 
peptides and proteins; 

[0011] Small nuclear RNA (snRNA): Responsible for 
removing intronic sequences from mRNAprecursors 
(preribosomal mRNAs), prior to the spliced mRNA 
delivery to the ribosomes; 
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[0012] Transfer RNA (tRNA): Provide chemically 
activated amino acids for binding to the ribosomal 
complex in the process of protein synthesis; 

[0013] Ribosomal RNA (rRNA): RNA Within the 
ribosomes themselves, Which by association, are part 
of the protein synthesis process. 

[0014] Within molecular biology, it is often necessary to 
isolate these RNA molecules, particularly mRNA. This is 
because an mRN “message” indicates that a gene has been 
transcribed. Furthermore, the extent to Which the gene is 
expressed (up-regulated, doWn-regulated, turned on, turned 
off) is often proportional to the amount of gene-speci?c 
RNA (mRNA) present in the cell. The quantitation of gene 
expression via mRNA content can occur by various means 
(e.g., RT-PCR, expression array/hybridiZation analysis, etc.) 
[0015] On other occasions it is desirable to create a 
compilation, or “library”, of those genetic messages being 
expressed in a cell or cells under a given set of conditions 
(i.e., normal vs. diseased state). This is often performed by 
selectively harvesting the mRNAs present in a sample, 
reverse transcribing the mRNAs to cDNA (?rst strands and 
second strands), and then cloning these double stranded 
sequences into some suitable vector. Once cloned, the cDNA 
“libraries” can be utiliZed in various procedures. 

[0016] RNA is thus the starting material in numerous 
molecular biology experiments involving the identi?cation 
of unknown genes and assignment of functions to various 
proteins. Quality, quantity, purity, and siZe distribution of 
RNA determine the rate of success in applications such as 
cDNA library construction, Northern blot analysis, reverse 
transcription, and in situ analysis. Present techniques for the 
puri?cation of RNA are labor intensive and lengthy. Quan 
ti?cation is routinely performed by gel visualiZation, radio 
metric methods, and spectrophotometric techniques. SiZing 
and quality determination is often performed by electro 
phoresis on denaturing agarose gels. HoWever, RNA can 
become covalently modi?ed by the chemicals used during 
the fractionation process (e. g., formaldehyde or acryalmide). 
Many of the present separation techniques require the use of 
haZardous chemicals (e.g., methylmercuric hydroxide). 

[0017] In the preparation of mRNA from total RNA, spin 
columns containing beads coated With poly T oligomers are 
often used (e.g., Poly(A)PureTM mRNA Puri?cation Kit, 
Ambion, Inc., Austin, Tex.; OligotexTM mRNA Puri?cation 
System, Qiagen, Inc., Valencia, Calif.). The disadvantages of 
this technique include a requirement for high amounts of 
total RNA sample due to loW recovery of mRNA, contami 
nation of the product (e. g. by rRNA), and degradation of the 
mRNA product. 

[0018] There is a need for faster, safer, more reliable, less 
labor intensive, and more accurate methods of RNA analy 
sis. 

[0019] Separations of polynucleotides such as RNA have 
been traditionally performed using electrophoresis through 
agarose gels or sedimentation through sucrose gradients. 
HoWever, liquid chromatographic analysis of polynucle 
otides is becoming more important because of the ability to 
automate the process and to collect fractions. 

[0020] Traditional chromatography is a separation process 
based on partitioning of mixture components betWeen a 



US 2002/0153312 A1 

“stationary phase” and a “mobile phase”. The stationary 
phase is provided by the surface of solid materials Which can 
comprise many different materials in the form of particles or 
passageWay surfaces of cellulose, silica gel, coated silica 
gel, polymer beads, polysaccharides, and the like. These 
materials can be supported on solid surfaces such as on glass 
plates or packed in a column. The mobile phase can be a 
liquid or a gas in gas chromatography. 

[0021] The separation principles are generally the same 
regardless of the materials used, the form of the materials, or 
the apparatus used. The different components of a mixture 
have different respective degrees of solubility in the station 
ary phase and in the mobile phase. Therefore, as the mobile 
phase ?oWs over the stationary phase, there is an equilibrium 
in Which the sample components are partitioned betWeen the 
stationary phase and the mobile phase. As the mobile phase 
passes through the column, the equilibrium is constantly 
shifted in favor of the mobile phase. This occurs because the 
equilibrium mixture, at any time, sees fresh mobile phase 
and partitions into the fresh mobile phase. As the mobile 
phase is carried doWn the column, the mobile phase sees 
fresh stationary phase and partitions into the stationary 
phase. Eventually, at the end of the column, there is no more 
stationary phase and the sample simply leaves the column in 
the mobile phase. 

[0022] A separation of a mixture of components occurs 
because the mixture components have slightly different 
affinities for the stationary phase and/or solubilities in the 
mobile phase, and therefore have different partition equilib 
rium values. Therefore, the mixture components pass doWn 
the column at different rates. 

[0023] In traditional liquid chromatography, a glass col 
umn is packed With stationary phase particles and mobile 
phase passes through the column, pulled only by gravity. 
HoWever, When smaller stationary phase particles are used 
in the column, the pull of gravity alone is insufficient to 
cause the mobile phase to flow through the column. Instead, 
pressure must be applied. HoWever, glass columns can only 
Withstand about 200 psi. Passing a mobile phase through a 
column packed With 5 micron particles requires a pressure of 
about 2000 psi or more to be applied to the column. 5 to 10 
micron particles are standard today. Particles smaller than 5 
microns are used for especially difficult separations or 
certain special cases). This process is denoted by the term 
“high pressure liquid chromatography” or HPLC. 

[0024] HPLC has enabled the use of a far greater variety 
of types of particles used to separate a greater variety of 
chemical structures than Was possible With large particle 
gravity columns. The separation principle, hoWever, is still 
the same. 

[0025] An HPLC-based ion pairing chromatographic 
method Was recently introduced to effectively separate mix 
tures of polynucleotides Wherein the separations are based 
on base pair length (US. Pat. No. 5,585,236 to Bonn (1996); 
Huber, et al., Chromatographia 37:653 (1993); Huber, et al., 
Anal. Biochem. 212:351 (1993)). Ion pair reverse phase high 
pressure liquid chromatography (IPRPHPLC) Was used as a 
process for separating DNA using non-polar separation 
media, Wherein the process used a counterion agent, and an 
organic solvent to release the DNA from the separation 
media. This method Was used in the separation of double 
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stranded DNA of up to about 1,000 base pairs and for the 
separation of single stranded DNA of up to about 100 
nucleotides. 

SUMMARY OF THE INVENTION 

[0026] Objects of the present invention include providing 
a method and system for segregating RNA molecules Which 
is fast, safe, reliable, convenient, reproducible, and quan 
tatitive. 

[0027] In one aspect, the invention provides a chromato 
graphic method for segregating a mixture of RNA molecules 
having lengths exceeding about 100 nucleotides. The 
method includes the steps of a) applying a solution of the 
fragments and counterion reagent to a column containing 
polymeric beads having non-polar surfaces, Wherein said 
beads have an average diameter of about 1 to about 100 
microns and b) eluting the RNA molecules With a mobile 
phase Which includes the counterion reagent and an organic 
component. The method is preferably carried out under 
conditions effective to denature the secondary structure of 
said RNA molecules. The method can include collecting 
mobile phase fractions containing the segregated RNA mol 
ecules. The method can be carried out at a mobile phase 
temperature greater than about 50° C., preferably greater 
than 60° C., and more preferably greater than 70° C. 

[0028] In the inventive method, the mobile phase prefer 
ably includes a counterion agent and a Water soluble organic 
solvent. The organic solvent can be selected from the group 
consisting of alcohol, nitrile, dimethylformamide, tetrahy 
drofuran, ester, ether, and mixtures of one or more thereof. 
A preferred solvent includes acetonitrile. The counterion 
agent can be selected from the group consisting of loWer 
alkyl primary amine, loWer alkyl secondary amine, loWer 
alkyl tertiary amine, loWer trialkyammonium salt, quater 
nary ammonium salt, and mixtures of one or more thereof. 
Preferably, the counterion agent is selected from the group 
consisting of octylammonium acetate, octadimethylammo 
nium acetate, decylammonium acetate, octadecylammo 
nium acetate, pyridiniumammonium acetate, cyclohexylam 
monium acetate, diethylammonium acetate, 
propylethylammonium acetate, propyldiethylammonium 
acetate, butylethylammonium acetate, methylhexylammo 
nium acetate, tetramethylammonium acetate, tetraethylam 
monium acetate, tetrapropylammonium acetate, tetrabuty 
lammonium acetate, dimethydiethylammonium acetate, 
triethylammonium acetate, tripropylammonium acetate, 
tributylammonium acetate, tetrapropylammonium acetate, 
tetrabutylammonium acetate, triethylammonium hexa?uor 
oisopropyl alcohol, and mixtures of one or more thereof. 

[0029] Also, in the inventive method, the pH of said 
mobile phase is preferably Within the range of about pH 5 to 
about pH 9. A preferred pH is about pH 7. 

[0030] The method can be used for analyZing RNA mol 
ecules exceeding about 1,000 nucleotides and can be used 
for analyZing RNA molecules having up to about 20,000 
nucleotides. 

[0031] In another aspect, the invention concerns a method 
for segregating a mixture of RNA molecules by Matched Ion 
Polynucleotide Chromatography, in Which the mixture 
includes RNA molecules having lengths exceeding about 
100 nucleotides. The method includes a) applying a solution 
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of the molecules and counterion reagent to a column con 
taining polymeric separation beads having non-polar sur 
faces, Wherein the separation beads have an average diam 
eter of 1 to 100 microns and the column has an ID greater 
than about 5 mm and b) eluting the RNA molecules With a 
mobile phase Which includes the counterion reagent and an 
organic component. In the method, the eluting step prefer 
ably is carried out under conditions effective to minimiZe the 
secondary structure of the RNA molecules. The eluting can 
be carried out at a temperature Within the range of about 40° 
C. to about 80° C., and preferably at about 75° C. In one 
embodiment of the method, the column ID is greater than 
about 7 mm. In another embodiment, the column ID is 
greater than about 10 mm. In yet another embodiment, the 
column ID is greater than about 50 mm. In still another 
embodiment the column ID is in the range of about 5 mm to 
about 1 m. 

[0032] In still another aspect, the invention concerns an 
improved column for segregating a mixture of RNA mol 
ecules by Matched Ion Polynucleotide Chromatography, the 
mixture including molecules having lengths exceeding 
about 100 nucleotides. The column includes a cylinder 
having an ID greater than about 5 mm and containing 
polymer beads. The beads have an average diameter of 1 to 
100 microns and are unsubstituted polymer beads or are 
polymer beads substituted With a hydrocarbon moiety hav 
ing from 1 to 1,000,000 carbons. In one embodiment, the 
column ID is greater than about 7 mm. In another embodi 
ment, the column ID is greater than about 10 mm. In yet 
another embodiment, the column ID is greater than about 50 
mm. In still another embodiment the column ID is in the 
range of about 5 mm to about 1 m. 

[0033] In yet another aspect, the invention concerns a 
system for segregating a mixture or RNA molecules by 
Matched Ion Polynucleotide Chromatography in Which the 
system includes a column Which includes a cylinder having 
an ID greater than about 5 mm and containing polymer 
beads. The beads have an average diameter of 1 to 100 
microns and are unsubstituted polymer beads or are polymer 
beads substituted With a hydrocarbon moiety having from 1 
to 1,000,000 carbons. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a schematic representation of a single 
column MIPC system using valves and valve controls to 
establish mobile phase gradients. 

[0035] FIG. 2 is a partial schematic representation of a 
pump system for establishing mobile phase gradients. 

[0036] FIG. 3 is a schematic representation of an 
autosampler subsystem. 
[0037] FIG. 4 is a schematic representation of an injection 
valve used in the MIPC system. 

[0038] FIG. 5 is a schematic representation of an injection 
valve in the ?lled loop load position. 

[0039] FIG. 6 is a schematic representation of an injection 
valve in the ?lled loop injection position. 

[0040] FIG. 7 is a schematic representation of an injection 
valve in the partial loop load position. 

[0041] FIG. 8 is a schematic representation of the injec 
tion valve in the partial loop injection position. 

Oct. 24, 2002 

[0042] FIG. 9 is a front vieW of the separation compart 
ment of an MIPC column oven. 

[0043] FIG. 10 is a top vieW of the HPLC DNA analyZer 
column oven shoWn in FIG. 9. 

[0044] FIG. 11 is an end vieW of the compact column 
heater embodiment of this invention. 

[0045] FIG. 12 is a cross-sectional vieW taken along the 
line A-A in FIG. 11. 

[0046] FIG. 13 is a schematic vieW of a Peltier heater/ 
cooler embodiment of this invention. 

[0047] FIG. 14 is a representation of the physical structure 
of a representative reverse phase chromatographic column. 

[0048] FIG. 15 is a chromatogram from a MIPC analysis 
of RNA siZe markers. Peaks are labeled With the number of 
nucleotides of the eluted molecules. 

[0049] FIG. 16 is a chromatogram from a MIPC analysis 
of RNA siZe markers. 

[0050] FIG. 17 is a chromatogram from a MIPC analysis 
of total RNA from a plant extract. 

[0051] FIG. 18 is a chromatogram from a MIPC analysis 
of RNA from a plant extract after a ?rst af?nity puri?cation. 

[0052] FIG. 19 is a chromatogram from a MIPC analysis 
of RNA from a plant extract after a second af?nity puri? 
cation. 

[0053] FIG. 20 is a chromatogram from a MIPC analysis 
of mouse brain mRNA. 

[0054] FIG. 21 is a chromatogram from a MIPC analysis 
of human brain mRNA. 

[0055] FIG. 22 is a chromatogram from a MIPC analysis 
of human brain mRNA. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0056] In one aspect, the present invention concerns a 
Matched Ion Polynucleotide Chromatography (MIPC) 
method and system for segregating a mixture of RNA 
molecules. 

[0057] “Matched Ion Polynucleotide Chromatography” as 
de?ned herein, includes a process for segregating RNA 
molecules using non-polar reverse phase media, Wherein the 
process uses a counterion agent, and an organic solvent to 
release the polynucleotides from the reverse phase media. 

[0058] “Segregating” as de?ned herein includes a 
Matched Ion Polynucleotide Chromatography process for 
separating RNA molecules in Which the retention time of a 
molecule is primarily based on nucleotide length but in 
Which the retention time can be subject to bias due to the 
in?uence of the polarity of the bases. The bias can either 
increase or decrease the retention time. 

[0059] MIPC process are described in earlier, copending 
and commonly assigned US. Patents or Patent Applications 
US. Pat. Nos. 5,772,889; 5,997,742; 5,972,222; 5,986,085; 
6,017,457; US. patent application Ser. No. 09/058,580 ?led 
Apr. 10, 1998; Ser. No. 09/183,123 ?led Oct. 30, 1998; Ser. 
No. 09/183,450 ?led Oct. 30, 1998; Ser. No. 09/350,737 
?led Jul. 9, 1999; Ser. No. 09/318,407 ?led May 25, 1999; 
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Ser. No. 09/469,551 ?led Dec. 22, 1999, each of Which is 
incorporated by reference in its entirety herein. 

[0060] The preferred MIPC system provides automated 
options for sample selection, mobile phase gradient selec 
tion and control, column and mobile phase temperature 
control, and fraction collection. 

[0061] FIG. 1 is a schematic layout of the system in 
accordance With one embodiment of the MIPC system. A 
plurality of containers can be used as reservoirs for solu 
tions, such as solvents, counterions, and other solutions, 
Which make up the mobile phase. For example, container 2 
can contain an aqueous component of a mobile phase such 
as an aqueous solution of counterion agent (e.g., triethylam 
monium acetate and container 4 can contain an 
aqueous solution of counterion agent plus organic (driving) 
solvent (e.g., TEAA plus acetonitrile). An auxiliary liquid 
(e.g., a co-solvent) can be held in container 6. These 
solutions are mixed to achieve a selected concentration of 
organic solvent in the mobile phase during a separation. 
Other examples of these solutions are provided in the 
Examples herein and in the commonly assigned patent 
indicated hereinabove. The containers have respective trans 
port tubing such as counterion solution transport tubing 8, 
solvent solution transport tubing 10, and auxiliary liquid 
transport tubing 12 communicating thereWith, and leading to 
degasser 14. 

[0062] The degasser 14 removes dissolved gases from the 
liquids. An example of a suitable degasser is the Degassit 
Model 6324. Removal of dissolved oxygen is particularly 
important because its presence increases the risk of oxidiZ 
ing ferrous or other oxidiZable metals in the system com 
ponents and thus introducing the corresponding cations into 
the mobile phase liquid. 

[0063] Column cleaning solution is contained in cleaning 
solution container 16 Which likeWise has a cleaning solution 
transport conduit 18 communicating thereWith leading to the 
degasser 14. In this embodiment, the cleaning solution can 
flow by gravity pressure if the container 16 is elevated above 
the degasser and injection valve 54. Alternatively, a pump 
110 as shoWn in FIG. 2 can be provided to achieve cleaning 
solution ?oW. 

[0064] The system of the invention incorporates conven 
tional mobile phase flow control means Which controls How 
of solvent solution and aqueous components of a mobile 
phase. In one embodiment, the mobile phase flow control 
means comprises a set of flow control valves, each With 
automatic opening controls under computer control as 
described hereinbeloW. In another embodiment the mobile 
phase flow control means comprises a set of pumps, the How 
setting of Which are responsive to computer control as 
described hereinbeloW. 

[0065] The system illustrated in FIG. 1 utiliZes one 
embodiment of a mobile phase flow control means Which 
includes a set of flow control valves. Degassed counterion 
solution conduit 20, degassed solvent solution conduit 22, 
and degassed auxiliary liquid conduit 24 leading from the 
degasser 14 communicate With respective aqueous compo 
nent proportioning valve 26, solvent solution proportioning 
valve 28, and auxiliary liquid proportioning valve 30. The 
settings for these proportioning valves are set and changed 
by valve operators such as stepper motors associated there 
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With, and these valve operators respond to establish a desired 
set of settings in response to commands from the mobile 
phase flow control softWare module described in greater 
detail hereinbeloW. The flow control valves 26, 28, and 30 
comprise an embodiment of a mobile phase flow control 
means Which controls the How of solvent solution and other 
components of the mobile phase. The settings for these 
valves control the ratio of liquids (co-solvents, solvent 
solution, etc.) through the injector valve and the separation 
column. Conduits 32, 34, and 36 lead from respective 
proportioning valves 26, 28 and 30 to the intake of pump 38. 

[0066] The cleaning solution transport conduit 31 leads to 
a cleaning solution valve 40. An optional cleaning solution 
conduit 42 leads from the valve 40 and communicates With 
the inlet of pump 38. Valve 33 controls flow through conduit 
42. 

[0067] The openings of valves 26, 28 and 30 accurately set 
the relative ratios of the organic solvent, and other compo 
nents, Within the mobile phase, a most important part of this 
system because the RNA segregation by MIPC is a function 
of solvent concentration. As Will be described in regard to 
the various RNA segregation processes, the slope of the 
organic solvent gradient as a function of time is changed 
during the separation process, and the most critical phase 
may require a very precise gradient. The settings of the 
valves 26, 28 and 30 are established by conventional valve 
actuators Which can be remotely set by signals to a conven 
tional valve control device. 

[0068] In a preferred embodiment, the separation system 
is under computer control as represented at 35. The com 
puter includes Instrument Control SoftWare Which provides 
computer controlled instructions for establishing the settings 
of valves 26, 28 and 30 to precise ?oW values at appropriate 
times during the operation of the system. 

[0069] In a similar manner, the Instrument Control Soft 
Ware of the instant invention provides computer controlled 
instructions to establish the operational parameters of the 
pump 38, such as the off/on status of the pump and the 
pressure or flow rate settings of the pump. 

[0070] Pump out?oW conduit 44 communicates With the 
in-line mixer 46, directing the liquid flow through the mixer 
46 for thorough mixing of the components. Mixed liquid 
out?oW conduit 48 communicates With optional guard col 
umn 50 to treat the mixed liquid to remove multivalent metal 
cations and other contaminants Which Would interfere With 
the separation of RNA molecules. Guard column 50 can 
contain a cation exchange resin in sodium or hydrogen form 
for removal of multivalent metal cations by conventional ion 
exchange. Conduit 52 communicates With the outlet of the 
guard column and an inlet port of a cleaning solution injector 
valve 54. Cleaning solution supply conduit 56 connects 
valve 40 With the cleaning solution injector valve 54, and 
Waste outlet conduit 58 leads to Waste. Conduit 60 leads 
from valve 54 to the sample injection valve 62. 

[0071] Sample aliquot selector 64 communicates With 
injector valve 62 through sample conduit 66. Waste conduit 
68 leads from the injector valve and removes Waste liquids. 

[0072] In the injector valve 62, the sample is introduced 
into a stream of solvent and carrier liquid passing through 
the valve from conduit 60. Sample conduit 70 communicates 
With an outlet port of injector valve 62 and With the column 
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pre?lter 74 in the air bath oven 72. The capillary tubing coil 
76 communicates With the pre?lter 74 and the inlet of 
chromatography column 78. The extended length of the 
capillary coil 76 alloWs ample heat to pass from the heated 
oven air into the liquid passing through the coil, bringing the 
liquid Within :0.05° C. of a selected temperature. The oven 
72 establishes this temperature uniformity in the pre?lter 74, 
coil 76, and chromatography column 78. 

[0073] The separation column 78 is packed With beads 
having a unique separation surface Which effects segregation 
of RNA molecules in the presence of a counterion by the 
MICP process. The separation process and details about the 
column and beads are described in detail hereinbeloW. A 
stream of mobile phase containing segregated RNA mol 
ecules passes from the chromatography column 78 through 
conduit 80. 

[0074] Conduit 80 communicates With a detector 84. The 
detector can be a conventional UV absorbance device Which 
measures the UV absorbance of the RNA fragment struc 
tures in the liquid mobile phase. The absorbance is a 
function of the concentration of the RNA fragments in the 
liquid being tested. 

[0075] Alternatively, if the RNA is labeled With a ?uores 
cent marker, the detector can be a ?uorescence detector 
Which can continuously measure the level of the ?uorescent 
marker in the liquid by detecting the emission level at the 
frequency most appropriate for the marker. It Will be readily 
apparent that any detecting system capable of continuously 
measuring a characteristic of the liquid Which is a function 
of the concentration of the RNA molecules therein is suit 
able and intended to be Within the scope of this invention. 
Examples of suitable detectors include the L-7420 UV-Vis 
detector, and the L-7480 Fluorescence detector available 
from Hitachi. The electrical output from the detector pref 
erably is converted to a digital form by an A/D converter and 
recorded in standard digital format to a digital storage device 
such as a disk drive in computer 35. Conduit 86 removes the 
tested liquid. 

[0076] Then, the mobile phase passes to the automated 
fraction collector 88 Where selected portions of the mobile 
phase fractions are collected in vials for later processing or 
analysis. Uncollected fractions are removed through conduit 
90. 

[0077] In the above description, the liquid ?oW system is 
described as a series of conduits. The conduits are capillary 
tubing selected to avoid introduction of multivalent cations 
into the liquids. The preferred capillary tubing materials are 
titanium and PEEK. The other components of the system are 
preferably made of titanium or PEEK or have the surfaces 
exposed to the liquid coated With PEEK to protect them from 
oxidation and prevent the introduction of multivalent cations 
into the liquid. Stainless steel can also be used but is 
preferably treated to remove all oxidiZed surface materials 
and the solutions contacting the stainless steel surfaces are 
free of dissolved oxygen. 

[0078] Illustrating another embodiment of a mobile phase 
?oW control means, FIG. 2 is a partial schematic represen 
tation of a pump system for establishing mobile phase 
composition. This system relies on proportioning pumps to 
control the ratio of aqueous component and solvent solution, 
such as solutions A and B described hereinabove. The inlets 
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of proportioning pumps 92, 94 and 96 by Way of their 
respective supply conduits 98, 100, and 102 communicate 
With the degasser 14, and by Way of their respective outlet 
conduits 104, 106 and 108 communicate With the inline 
mixer 46. The operational speed for these proportioning 
pumps are calibrated to ?oW rates therethrough and are 
controlled by a ?oW control softWare module described in 
greater detail hereinbeloW. The settings for these propor 
tioning valves control the liquid ?oW speed and the ratio of 
liquids (co-solvents, driving solvents, etc.) through the 
injector valve and the separation column. 

[0079] A pump 110 can supply cleaning solution to the 
system through optional conduit 112. An optional conduit 
107 leads from conduit 112 and communicates With the 
in-line mixer 46. Valve 111 controls ?oW through conduit 
107. 

[0080] Examples of suitable mobile phase control means 
for use in the invention include the programmable dual 
piston pump Model L-7100 available from Hitachi and the 
Model 2690 Separations Module available from Waters. 

[0081] FIG. 3 is a schematic representation of an 
autosampler subsystem used in the MIPC system. This 
autosampler removes an aliquot having a predetermined 
volume from a selected Well or vial (e.g., micro-centrifuge 
tube) supported in a multi-Well 113. MicroWell plates can 
have any predetermined number of Wells 114 having a 
precise dimensional position for each Well, such as the 
standard 96 Well multiWell plate. The sampling needle 115 
is supported on a sampling carriage 116. The sampling 
carriage 116 has a needle support 118 mounted for vertical 
movement on vertical support 117. Vertical support 117 is 
mounted for lateral movement on carriage 116. Lateral 
movement of the support 117 positions the needle above a 
selected Well or the injector port 119 of injection valve 120. 
The ?exible tubing 123 is mounted in sealed engagement 
With the needle 115 at one end and With the syringe needle 
124 at the other end. The syringe needle 124 communicates 
With the inner volume of the syringe cylinder 125. The 
piston 126 is mounted on the syringe actuator rod 128 and 
forms a sealed engagement With the inner Wall of the 
cylinder 125. In operation, vertical upWard movement of the 
syringe actuator rod 128 displaces liquid in the cylinder 125, 
and vertical doWnWard movement of the syringe actuator 
rod 128 pulls liquid into the syringe. Rod 128 is attached to 
clamp 130 Which is supported for movement along guide 
element 132. When valve 122 is positioned to provide 
communication betWeen the needle 124 and the tubing 123, 
the doWnWard movement of the piston 126 pulls sample into 
the needle 115 from a Well 114. When needle 115 is 
positioned above injector valve port 119, upWard movement 
of the piston 126 discharges sample from needle 115 into 
port 119. 

[0082] Conduit 131 extends from valve 122 to the clean 
ing solution reservoir 121. When valve 122 is in the position 
providing communication betWeen the needle 124 and the 
conduit 131, the doWnWard movement of the piston 126 
draWs cleaning solution into the needle. When the needle 
115 is positioned above the injector port 119 and valve 122 
is positioned to provide communication betWeen the needle 
124 and the conduit 123, upWard movement of the piston 
126 discharges cleaning solution into the injector port 119. 
Examples of suitable autosamplers include the HITACHI 
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Model L-7250 Programmable Autosampler and the HTS 
PAL High Throughput Autosampler (ShimadZu, Columbia, 
Md.). The autosampler is preferably adapted for retaining 
the sample at a chilled temperature, eg 4-10° C. 

[0083] FIG. 4 is schematic representation shoWing the 
structure of the sample injection valve and cleaning solution 
injection valve for use in the MIPC system. The same valve 
structure can be used for both the sample injection and 
cleaning solution injection. The injection valve 150 is a 
six-port, rotary valve operated by a conventional valve 
motor such as a stepper motor (not shoWn). Exemplary 
valves include the LabPRO valves available from RHEO 
DYNE (Cotati, Calif). The valve has six external ports 
permanently connected to inlet and outlet conduits. External 
port 152 is connected With an injection line 154 for receiving 
a sample to be analyZed. External port 156 is connected With 
a column supply conduit 158 communicating With the 
separation column 78 (FIG. 1). External port 160 is con 
nected With an inlet conduit 162 communicating With the 
outlet of pump 38 (FIG. 1). External port 164 is connected 
With a Waste conduit 166. Opposed outlet ports 168 and 170 
communicate With the opposed sample inlet and outlet ends 
of a sample loop 172. During the injection of cleaning 
solution, the valve injects a block of cleaning solution into 
the solvent stream, regenerating and cleaning the separation 
column and other components doWnstream of the injection, 
removing from the surfaces accumulated residues and any 
residual RNA remaining from prior segregation procedures. 

[0084] The connections betWeen the external ports and 
internal passages, and their operation in the cleaning solu 
tion injector valve 54 and sample injector valve 62 in FIG. 
1 is described in FIGS. 5-8. The description hereinbeloW is 
presented for the sample injection valve 62, but the same 
relationships and operation apply to the cleaning solution 
injection valve With the exception of the liquids being 
injected and their source. 

[0085] FIGS. 5 and 6 describe the use of the valve for 
?lled loop injection, the mode used When a larger volume of 
sample (or cleaning solution) is to be injected. FIG. 5 is a 
schematic representation of an injection valve in the sample 
load position, and FIG. 6 is a schematic representation of the 
injection valve in the injection position. In the load position 
shoWn in FIG. 5, a ?rst internal passageWay 174 of the valve 
connects the ?rst end 176 of loop 172 With the sample 
injection line 154, and a second internal passageWay 178 
connects the second end 180 of loop 172 With the Waste 
conduit 166. A third internal passageWay 182 connects the 
pump outlet conduit 162 With the conduit 158 to the sepa 
ration column 78. While sample from the injection port 154 
is introduced into the sample loop 172 through passageWay 
174, any surplus or liquid in the loop 172 is expelled to the 
Waste conduit 166 through passageWay 178. Simulta 
neously, mobile phase solutions ?oW from the pump conduit 
162 to the separation column 78 through third conduit 182. 

[0086] Rotation of the valve in the direction of arroW 150 
to the injection position shoWn in FIG. 6 moves the internal 
passageWays to establish a different set of connections With 
the inlet and outlet conduits. PassageWay 179 connects one 
end 180 of the loop 172 With the conduit 158 leading to the 
separation column, and passageWay 175 connects the other 
end 176 of the loop 172 With the inlet conduit 162 leading 
to the pump. Mobile phase solution from the pump enters 
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passageWay 175 and passes through the loop 172, expelling 
sample solution into the conduit 158 leading to the column 
and continues to rinse the loop, carrying any residue into the 
column conduit 158. MeanWhile, passageWay 183 connects 
the sample injection conduit 154 to Waste, permitting pas 
sage of cleaning solution, if desired, through passageWay 
183. This procedure provides a reliable injection of a mea 
sured volume of sample solution into the conduit leading to 
the separation column 78 (FIG. 1), the liquid passing 
through the pre?lter 74 and temperature regulating coil 76 
before it reaches the separation column. 

[0087] The system of the invention incorporates oven 
temperature control means for controlling the temperature of 
the separation column and the mobile phase entering the 
column. 

[0088] FIGS. 9 and 10 illustrate one embodiment of a 
temperature control means. FIG. 9 is a front vieW of the 
process compartment of an HPLC RNA analyZer column 
oven, and FIG. 10 is a top vieW of the HPLC RNA analyZer 
column oven shoWn in FIG. 9. The process compartment in 
the embodiment shoWn in FIGS. 9 and 10 is divided from 
the heating compartment by back Wall 200 in Which air 
exhaust port 202 is positioned. A metal bar 204 enclosing a 
temperature sensor such as a thermocouple or thermister is 
positioned in the port 202 to measure the temperature of the 
air passing through the port. Capillary tubing 206 leads from 
the sample injector (not shoWn) to a pre?lter 208. Pre?lter 
208 is an inline ?lter or guard cartridge, such as described 
in US. Pat. No. 5,772,889, Which removes contaminants 
from the incoming liquid. An elongated coil 210 of capillary 
tubing has an inlet end in communication With pre?lter 208 
for receiving mobile phase liquid therefrom. The elongated 
coil 210 has an outlet end communicating With the inlet end 
212 of a separation column 214. Separation column 214 
preferably contains MIPC separation media. Outlet tubing 
216 leads from the outlet end 218 of the separation column 
214 to detector 84 (FIG. 1). Coil 210 is a liquid heating coil 
made of a RNA compatible tubing such as titanium or 
PEEK. The length and diameter of tubing used is any length 
Which is suf?cient to enable liquid mobile phase passing 
therethrough to reach the equilibrium temperature of air in 
the processing compartment. A tubing length of from 6 to 
400 cm and a tubing ID of from 0.15 to 0.4 mm is usually 
suf?cient. Since the length of tubing 210 does not degrade 
the separation of components achieved by the system, the 
length can be selected based on the length required to 
achieve effective heating of the process liquids. 

[0089] Referring to FIG. 10, air from the processing 
compartment 220 passes through the opening 202 in Wall 
200, through a heater/fan system 222 for temperature adjust 
ment. The adjusted air received by the heating compartment 
224 recycles back to the processing compartment 220 along 
the passageWays 226 de?ned by the spacing betWeen the 
sideWalls 227 and the outer oven Wall 228. The heating coil 
in the embodiment shoWn in FIGS. 9 and 10 provides a 
temperature accuracy to Within the range of 102° C. and 
reduces the temperature equilibrium time betWeen tempera 
ture settings to beloW 5 minutes for temperature changes of 
5° C. and beloW 2 minutes for temperature changes of up to 
1° C. 

[0090] FIGS. 11 and 12 illustrate another embodiment of 
a temperature control means. FIG. 11 is an end vieW of a 
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compact column heater, and FIG. 12 is a cross-sectional 
vieW taken along the line A-A in FIG. 11. This embodiment 
relies on direct metal-to-metal conduction of heat to and 
from the system components and does not depend upon an 
air bath to achieve temperature changes and accuracy. This 
embodiment is shoWn for a tWo column system, although it 
could be used for a single column, if desired. It comprises 
heat conducting blocks (230, 232) having receptacles siZed 
and shaped to receive the system components. Filter cavity 
or pre?lter receptacles (234, 236) have inner surfaces Which 
are siZed to receive pre?lters (238, 240) and establish heat 
transfer contact With the outer surfaces thereof. Separation 
column receptacles (242, 244) have inner surfaces siZed to 
receive respective separation columns (246, 248) and sepa 
ration column couplers (250) (one is shoWn in FIG. 12) 
Which connect capillary tubing to the respective separation 
columns. Receptacles (242, 244) are siZed and shaped to 
establish heat transfer contacts betWeen the inner heat trans 
fer surfaces of blocks (230, 232) and the separation column 
components received therein. Capillary coil receptacles 252 
(one is shoWn in FIG. 12) have an inner surface Which is 
shaped to receive a coils of capillary tubing 254 (one is 
shoWn in FIG. 12) and to establish heat transfer contact With 
the outer surface thereof. In the embodiment shoWn in these 
?gures, receptacles (234, 236) and (242, 244) can be cylin 
drical holes With approximately parallel central aXes lying in 
a common plane. It Would be readily apparent to a person 
skilled in the art that other con?gurations are equally suit 
able and all con?gurations are considered to be Within the 
scope of this invention. 

[0091] Temperature sensor receptacles (256, 258) are pro 
vided in heat conducting blocks (230, 232). Capillary recep 
tacle passageWays 260 for receiving connecting tubing 262 
in a heat-conducting relationship are also provided in the 
heating-conducting block (230, 232). The capillary coil 
receptacles 252 are shoWn in this ?gure to be cylindrical 
cavities With their aXes perpendicular to the aXes of recep 
tacles (234, 236) and (242, 244). Optionally, a conductive 
metal cylinder (not shoWn) can be positioned Within the 
capillary coils in heat conducting contact With the inner 
surfaces thereof to increase heat transfer area betWeen the 
metal block heating assembly and the liquid in the coils. A 
KAPTON resistance heater or other type of heating unit 264 
is positioned betWeen and in heat-conducting contact With 
surfaces 266 and 268 of heating blocks (230, 232) to transfer 
heat to the heat-conducting blocks. Heat sinks (270, 272) are 
positioned in heat-conducting relationship With opposed 
cooling surfaces (274, 276) of the heat conduct blocks (230, 
232) to remove heat therefrom. Cooling fans 278 and 280 
are in a heat removal relationship With the heat sinks 270 and 
272 and are activated to accelerate heat removal therefrom. 

[0092] The heat conducting blocks 230 and 232, and the 
heat sinks 270 and 272 are made of a material having high 
heat conductivity such as aluminum or copper, although they 
can be made of other heat-conducting solids such as ferrous 
metals or any other solid material having the requisite heat 
conductivity. Heat pipes can also be used as heat sinks. 

[0093] The capillary tubing can be made of PEEK or 
titanium, although titanium is preferred for maXimum heat 
transfer ef?ciency. With this improved heat transfer, the 
capillary coil can have a fully extended length as short as 5 
cm although a minimum coil length of 10 cm is preferred. 
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A longer coil of PEEK tubing Would be required to achieve 
the same heat transfer as titanium capillary tubing. 

[0094] The system shoWn in FIGS. 11 and 12 comprises 
tWo systems in mirror image. It Will be readily apparent that 
for a single column, half the system Would be suf?cient and 
is intended to be included Within the scope of this invention. 
The position, alignment and spacing of the receptacles are 
not a critical feature of this invention. Any alignment and 
con?guration Which provides a compact and heat-transfer 
ef?cient result is intended to be included Within the scope of 
this invention. 

[0095] The embodiments shoWn in FIGS. 11 and 12 
provide a compact heater Which is more responsive to heater 
controls, provides rapid changes from one temperature plat 
form to another, and maintains a temperature accuracy 
Within 105° C. of a set temperature. The heat transfer rate 
obtained With the metal-to-metal contact betWeen the heat 
ing block and the elements being heated is far greater than 
can be obtained in an air bath system, providing the more 
rapid response to a changed temperature and greater tem 
perature accuracy. It also alloWs process liquid temperature 
adjustment With a shorter capillary tubing coil. 

[0096] In yet another illustration of a temperature control 
means, FIG. 13 shoWs a schematic vieW of a preferred 
Peltier heater/cooler embodiment. Heating block 282 is in 
conductive contact With a Peltier heating element (not 
shoWn) for heating or cooling required to reach and maintain 
a desired temperature. Channel 284 is a pre?lter receptor 
having an inner surface 286 in heat conductive relationship 
With pre?lter 288. Channel 290 is a column and column 
guard receptor having an inner surface 292 in heat conduc 
tive relationship With coupler 294 and end nut elements 296 
of separation column 298. Capillary tubing 300 communi 
cates With the pre?lter 288 and the sample and solution 
sources (not shoWn). Capillary tubing 302 from the outlet of 
the separation column 288 communicates With an analyZer 
84 (FIG. 1). Capillary tubing 304 connects the outlet end of 
the pre?lter 288 With the coupler 294, Which in turn com 
municates With the separation column 298. Capillary tubing 
304 is received in a labyrinth-like con?guration of channels 
in the heating block 282 to provide increased capillary 
length and surface contact betWeen the capillary tubing 304 
and the heating block 282. The con?guration of the labyrinth 
and tubing can be any con?guration Which provides an 
adequate capillary length and surface contact, including 
additional loops and capillary placement of more than one 
pass per channel. The capillary tubing 304 can be PEEK or 
titanium, titanium being preferred because of its high heat 
conductivity. The heating block 282 can be any heat con 
ductive metal. Aluminum or copper are preferred because of 
their higher heat conductivity, although ferrous metals such 
as steel can be used. The Peltier heater is controlled With a 
conventional temperature and control system (not shoWn) 
such as the systems used in Peltier thermocyclers. As With 
the embodiment shoWn in FIGS. 11 and 12, the temperature 
accuracy achieved by the Peltier heated block is 105° C. 

[0097] Features of improved air bath oven and solid block 
heating systems described hereinabove With respect to 
FIGS. 9-13 are described in greater detail in commonly 
oWned, copending US. patent application Ser. No. 09/295, 
474 ?led Apr. 19, 1999, the entire contents of Which are 
hereby incorporated by reference. 
















