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[57] ABSTRACT 

The method for immobilizing water-soluble bioorganic 
compounds to capillary-porous carrier comprises applica
tion of solutions of water-soluble bioorganic compounds 
onto a capillary-porous carrier, setting the carrier tempera
ture equal to or below the dew point of the ambient air, 
keeping the carrier till appearance of water condensate and 
complete swelling of the carrier, whereupon the carrier 
surface is coated with a layer of water-immiscible nonlumi
nescent inert oil and is allowed to stand till completion of the 
chemical reaction of bonding the bioorganic compounds 
with the carrier. 

4 Claims, 2 Drawing Sheets 



U .s. Patent Apr. 21, 1998 Sheet 1 of 2 5,741,700 

)// / / /~ 
c:J L.:J 

FIG~ I B 

///// 
FIG. I C 

///// 
FIG. I D 



U.S. Patent Apr. 21, 1998 Sheet 2 of 2 

u 
0 

II) 
N 

u 
0 

Q 
N 

u 
0 
II) 
~ 

u 
0 

Q 
~ 

u 
0 

II) 

5,741,700 

C\J 
. 

l9 

LL 



5,741,700 
1 

METHOD OF IMMOBILIZING WATER
SOLUBLE BIOORGANIC COMPOUNDS ON 

A CAPILLARY-POROUS CARRIER 

2 
when strictly single-type nucleotides are to be placed in each 
cell. In this case standard conditions for the reaction of 
covalent bonding of oligonucleotides with the carrier are 
difficult to attain in all the cells of the matrix, due to 

FIELD OF THE INVENITON 

The present invention relates in general to molecular 
biology and more specifically to a method for immobilizing 
water-soluble bioorganic compounds onto a capillary
porous carrier. 

5 inescapable partial evaporation of solutions in some of the 
cells long before the reaction is completed and often already 
in the process of applying the solutions and during transfer 
of the micromatrix to a wet chamber. Thus, the quality of 
immobilization and, accordingly, that of the micromatrix are 

BACKGROUND OF THE INVENfION 

10 affected, the consumption of expensive reagents is increased 
and the process becomes more costly. 

Known in the present state of the art are quite a number 
Furthermore, the moisture-exchange process on the 

matrix surface becomes difficult to control after the matrix 
has been placed in the wet chamber where water condensate of chemical methods for immobilizing water-soluble bioor

ganic compounds, e.g., proteins, peptides, and DNA frag
ments ( oligonucleotides and polynucleotides) on capillary
porous carriers. The methods are based on establishing 
covalent bonds between the bioorganic compound and the 
carrier. Used as the carrier are: cellulose, 
carboxymethylcellulose, agarose, dextran, 
polyaminopolystyrene, polyacrylamides and their 
derivatives, and others. 

15 may fall abundantly from the vapor-gaseous phase upon the 
micromatrix surface and connect the adjoining matrix cells, 
or the solution may vaporize to such an extent that the 
reaction would stop. Both such cases will result in a com
plete loss of the micromatrix. All discussed above shows that 

20 practical realization of the aforesaid method is rather com
plicated. 

One state-of-the-art method for immobilizing oligonucle
otides on a capillary porous carrier, namely on a gel matrix 
(SU, A No. 1,794,088), consists in that the drops of a 25 

solution of oligonucleotides are applied to an air-dried gel 
matrix with the aid of a micromanipulator provided with a 
dispenser, whereupon the matrix with the solution of oligo
nucleotides applied thereto is placed in a wet chamber for 4 
hours till completion of the reaction of bonding oligonucle- 30 

otides to gel. Then the matrix is dried for 0.5 hour in the 
open air. washed with a hybridization buffer (lM NaCl, 10 
mM Na3 PO4 .7H2 O, pH 7.0, 1 mM ethylenediaminetet
raacetic acid), rinsed with water, and stored dry at minus 20° 
C. Oligonucleotides are immobilized on a gel matrix, said 35 

gel being applied to the substrate, as areas (square cells) 
spaced from one another. 

The chemical reaction of oligonucleotide-to-gel bonding 
is conducted as follows. Used as a linking agent is 
3-methyluridine bound by a 5'-3' internucleotidephosphodi- 40 

ester bond to the oligonucleotide to be immobilized. 
3-methyluridine is given preference due to its inability of 
forming strong hydrogen bonds with any naturally occurring 
bases. 

Prior to applying the gel to the matrix, oligonucleotides 
containing 3-methyluridine at their 3'-end are oxidized with 
1 mM sodium periodate for one hour at room temperature, 
precipitated with 10 volumes of 2% LlC1O4 (lithium 
perchlorate) in acetone, and dissolved in water. 

Oxidation of oligodeoxynucleotide results in formation of 

45 

50 

a derivative carrying a dialdehyde group at the 3'-end. 
Before use, the gel matrix is treated with 50% hydrazine 
whereby a part of the amide groups are substituted by the 
hydrazide ones which readily react with 3'-dialdehyde to 55 
yield a stable morpholine derivative. 

The course of immobilization is monitored against the 
marker (5'-32P) introduced with the aid of kinase, into the 
oligonucleotides being immobilized. The immobilization 
yield (i.e., the percentage of the oligonucleotide irreversibly 60 

bonded with the gel) is close to 80%. 
The aforediscussed method, however, has a restriction on 

its application whenever it is necessary to immobilize a great 
number ( above 10) of various nucleotides, contained in 
microvolumes (up to tens of nanoliters) of solutions located 65 

in the cells (measuring up to 100 µm) of a dense polyacry
lamide gel micromatrix, with the cell spacing up to 200 µm 

DISCLOSURE OF THE INVENITON 

The present invention has for its principal object to 
modify the procedures of the method for immobilizing 
water-soluble bioorganic compounds on a capillary-porous 
carrier in such a way as to rule out a possibility of liquid 
evaporation during immobilization and to ensure that cova
lent bonding between oligonucleotides and the gel matrix 
proceeds to completion, thereby rendering the process less 
labor-consuming and the technology suitable for automation 
and mass production. 

The foregoing object is accomplished due to the fact that 
in a method proposed herein and aimed at mobilization of 
water-soluble bioorganic compounds to a capillary-porous 
carrier, comprising application of water-soluble bioorganic 
compounds to a capillary-porous carrier, for a time neces
sary to complete the chemical bonding of said bioorganic 
compounds with the carrier, the carrier temperature is set to 
be equal to or below the dew point of the ambient air, and 
the carrier is allowed to stand until water condensate appears 
and the carrier gets swollen completely, whereupon the 
carrier surface is coated with a layer of water-immiscible 
nonluminescent inert oil and is let to stand until the reaction 
of bonding the bioorganic compounds with the carrier is 
completed. 

It is preferable to use oligonucleotides or polynucleotides 
as the water-soluble bioorganic compounds and make use of 
polyacrylarnide gel as the capillary-porous carrier. 

It is also practical to keep the carrier under an oil layer for 
at least 48 hours. 

All described above makes it possible to rule out a 
possibility of liquid evaporation during immobilization and 
to carry out the chemical binding of bioorganic compounds 
to the carrier till completion. 

The method proposed herein is characterized by simpli
fied techniques compared with the known method, it also 
gives a better quality of immobilization and improved 
reproducibility. 

The method proposed herein is less labor-consuming, it 
can be readily automated and may be used for mass pro
duction. 

A BRIEF DESCRJPfION OF THE DRAWINGS 

In the following, the invention is illustrated by a detailed 
description of some specific embodiments thereof with 
reference to the accompanying drawings, wherein: 
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FIG. lA, B, C, Dis a sectional side view of a fragment of 
the carrier (i.e., micromatrix) shown during the process of 
immobilization, where: 

4 

FIG. lA. a fragment of the micromatrix at the instant 
when microvolumes of the solutions of bioorganic com- 5 

pounds are loaded thereto; 

especially in cases which require the presence and retention 
of the liquid (aqueous) phase for a complete progress of 
chemical reaction of covalent bonding in the system 
'substance-carrier'. 

For better understanding of the present invention a spe
cific exemplary embodiment thereof is given below. 

FIG. 1B. a fragment of the micromatrix at the instant of 
completion of loading; 

EXAMPLE 1 

FIG. lC. a fragment of the micromatrix at the instant of 
setting its temperature equal to or below the dew point of the 10 

ambient air; 

Prepare solutions of oligonucleotides Sp-33 
(3'CCGTCCAA5'), Sm-33 (3'CCGTCTAA5') having a con
centration of 60 pmole per µl, and containing 
3-methyluridine at the 3'-end, oxidate them with 1 mM 
sodium periodate for one hour at room temperature and 
precipitate with 10 volumes of 2% LlCI04 in acetone, and 

FIG. 1D. a fragment of the micromatrix after its having 
been coated with the film of an inert nonluminescent oil; 

FIG. 2 presents washing curves of perfect and imperfect 15 
duplexes obtained on the micromatrix after hybridization 
with immobilized nucleotides. 

a solution of a succinimide derivative of tetramethyl
rhodamine in dimethylsulfoxide with a concentration of 0.5 
to 1 µg per 100 µI, which serves for quality control of 
microdose application. Using a 8% polyacrylamide gel. 30 
µm-thick, a micromatrix is formed from the gel, consisting BEST MODE OF CARRYING our THE 

INVENTION 

The method proposed herein can be implemented as 
follows. 

The microvolumes of bioorganic solutions, such as 
oligonucleotides, polynucleotides, water-soluble proteins, 
peptides, etc. are applied to the surface of a capillary-porous 
carrier. that is micromatrix. Used as the carrier can be 
cellulose, carboxymethylcellulose, agarose, dextran, 
polyaminopolystyrene, and others, though used preferably is 
polyacrylamide gel. 

20 of l00xlOO-µm cells spaced by 200x200 µm void areas, and 
is treated with 50% hydrazine for an hour at room 
temperature, after which microvolurnes of the prepared 
solutions are applied to the surface of the gel cells, namely 
1.4±0.29 nl per cell (FIG. lA). The temperature of the 

25 rnicromatrix is not controlled and equals the temperature of 
the ambient air (room temperature, FIG. 1B). After applying 
the microvolumes of the solutions of oligonucleotides to all 
cells, the temperature of the rnicrornatrix is set to be equal 
to or below the dew point of the ambient air during the 

30 process, and is maintained so until the gel swells completely 
and noncoalescent water condensate appears in the intervals 
between the-cells (FIG. lC). Then the surface of the micro
matrix is carefully coated with a thin ( over 100 µm) layer of 
nonluminescent phenyl (10%) methylsillcone oil saturated 

Once the microvolumes of the solutions of bioorganic 
compounds have been applied to all_ cells of the matrix, the 
micromatrix temperature is set equal to or below the dew 
point of the ambient air, and is maintained so till swelling of 
the gel is complete, and noncoalescent droplets of water 
condensate appear in the spacings between the cells, where
upon a thin layer of an inert nonluminescent oil is cautiously 
applied to the micromatrix surface, the thickness of the latter 
layer being over 100 µm. As an oil can be used purified 
Vaseline; phenyl (10%) methylsilicone oil; phenyl (20%) 
methylsilicone oil, and others. Thereupon the micromatrix is 40 

kept under the oil layer till total completion of the immo
bilization process, preferably at least for 48 hours. Then the 

35 with distilled water, after which the micromatrix is kept 
under a layer of oil at room temperature until a total 
completion of the immobilization process, that is, for 48 
hours (FIG. 1D). Then the oil is removed with a solvent 
(chloroform), and the matrix is dried and put into storage. 

Since immobilization of bioorganic compounds on carri-
ers is carried out with a principal purpose of further use of 
thus-obtained system for specific chemical bonding of other 
bioorganic compounds for their accretion or identification, 
the quality of immobilization can be assessed by an indirect 

oil is removed with a solvent, e.g. chloroform, and the 
matrix is dried and stored ready-for-use. 

For the sake of better clarity, the process is illustrated in 
FIG. lA, B, C, D, wherein a fragment of the micromatrix is 
shown in a sectional side-elevation view: 

FIG. lA. At the instant when microvolumes of bioorganic 
solutions are being loaded to the micromatrix cells, the 
temperature of the micromatrix is maintained equal to that of 
the ambient air. 

FIG. lB. At the instant of completion of the loading, all 
droplets have evaporated, the condition of the gel is the same 
in all cells. 

FIG. lC. At the instant when the water condensation from 
the ambient air has been completed, the temperature of the 
micrornatrix is below or equal to the dew point of the 
ambient air. The gel cells have swollen and are coated with 
water condensate. Minute droplets of condensate have 
appeared in the intercell spacings, said droplets not coalesc
ing with one another. 

FIG. 1D. The micrornatrix is coated with the film of a 
nonluminescent oil, over 100 µm-thick. The temperature of 
the micromatrix is equal to that of the ambient air. 

The herein-proposed method is applicable for immobiliz
ing any water-soluble bioorganic substances to the carrier, 

45 method. In this particnlar case, such an assessment is carried 
out against hybridization of the prepared oligonucleotide 
micromatrix with a fragment of DNA fluorescent-labeled at 
the 5'-end and consisting of 19 bases (5'
CCTGGGCAGGTTGGTJU'CA-3'), which is contained in a 

50 buffer solution ( 1 M NaCl; 10 mM sodium phosphate; 1 mM 
EDTA; pH=6.8). Then the solution (1 µl per four cells) is 
applied to the surface of the oligonucleotide micrornatrix 
cooled down to 0° C. To provide a complete hybridization, 
the matrix is allowed to stand under these conditions for two 

55 hours, whereupon the hybridization solution containing 
DNA fragments is washed out with a cooled 1 M NaCl 
solution. The surface of the matrix is coated with a thin layer 
of cooled 1 M NaCl solution; a cover slide is placed on the 
matrix and the latter is put on a thermostated table of a 

60 fluorescence microscope provided with a CCD camera, and 
a computer-aided image processing system. Then a mea
surement cycle is conducted, the image of the micromatrix 
is recorded in the temperature range from 0°to 25° C. by 5° 
C. steps ( including the margins of the range) and with a four 

65 minute exposure at each step. Then the image is analyzed, 
and the signal measured by the CCD camera is averaged in 
the region corresponding to each cell of the rnicromatrix, a 
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maximum error being within 5%. The background is 
assessed by the signals from the points situated in the 
immediate vicinity of the analyzed cell, the error being 
within 15%. The background value is subtracted from the 
thus-obtained signal values, and the result is divided by the 5 

frame accumulation time (preset during the measuring 
cycle). All results are expressed in percent against the 
brightest cell and are graphically represented in FIG. 2B as 
washout curves of perfect (Sp-33 3'CCGfCCAA5') and 
imperfect (Sm-33 3'CCGTCTAA5') duplexes obtained on 10 

the micromatrix (four cells) after hybridization with immo
bilized oligonucleotides. FIG. 2 presents the remaining 
duplexes as ordinate(%), and the washout temperature as 
abscissa (°C. ). 

It is known that the amount of hybridized oligonucleotide 15 

is variable and will depend (all other factors being equal) on 
the oligonucleotide composition and, when the amount of 
the immobilized oligonucleotide and the composition 
thereof are equal, on the local conditions in a specific cell 
(i.e., the state of the carrier structure, accuracy of geometric 20 

size, presence of admixtures, etc.). That is why some dif
ference is observed in the level of signals at the initial point 
(0° C.) in FIG. 2 even for oligonucleotides of the same 
composition. Thus, the indirect method for assessing the 
immobilization quality (from hybridization) results in a 25 

slight under estimation. 

6 
quality in all cases was no worse than in the Example cited 
before, and the reproducibility was 100% in all experiments. 
This demonstrates high reproducibility and quality of the 
immobilization method being proposed herein. 

Industrial Applicability 

The present invention finds application in medicine, 
molecular biology, agriculture for genetic diagnosis, 
sequencing and mapping of DNA, detecting of mutations, 
and so on. 

We claim: 
1. A method for immobilizing water-soluble bioorganic 

compounds on to a carrier bondable with the compounds, 
comprising applying water-soluble bioorganic compounds 
onto a bondable carrier having a matrix of cells and kept 
thereon until completion of the chemical bonding between 
said bioorganic compounds and said carrier matrix, appli-
cation of water-soluble bioorganic solutions being followed 
by setting the temperature of the carrier equal to or below the 
dew point of the ambient air and the carrier is allowed to 
stand until water condensate swells said matrix cells. where
upon the carrier surface is coated with a layer of water
immiscible nonluminescent inert oil and allowed to stand 
until the reaction of bonding the bioorganic compounds with 
the carrier is completed. It is evident from the resultant curves of Sp-33 (1, 2) and 

Sm-33 ( 1, 2) in the chart of FIG. 2 that the obtained data on 
hybridization and hence immobilization are sufficient, both 
quantitatively and qualitatively, for unambiguously identi
fying the DNA fragment under test (high level of the initial 
hybridization signal at 0° C. and disappearance of the signal 
for Sm-33 (L 2) at 15° C. with a high signal level retained 
for Sp-33 (1, 2). 

2. A method according to claim 1 wherein the bioorganic 
compounds are selected from the group consisting of oli-

30 gonucleotides and polynucleotides. 

35 
Similar curves have been obtained for a great number of 

various duplexes (not shown), while the immobilization 

3. A method according to claim 1 wherein said carrier 
comprises polyacrylamide gel. 

4. A method according to claim 1 wherein said carrier is 
kept under said oil layer for about 48 hours. 

* * * * * 
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