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DESCRIPTION 

Title of the Invention 

ANTIBO_OIES FOR DETECTING MICROORGANISMS-

-~ DESCRIPTION-OF BACKGROUND ART 
. -

Field of the.Invention· 

The present invention pe~tains to antibodi-es 

useful in the detection of various microorganisms, 

particularly bac~eria, and a method of detecting 

microorganisms, reagent kits for detect~on of 
. -

mi~roorganisms that use said antibodies-, and a method 

for preparing specific antibodies for detecting 

microorganisms. 

Mo.reover, the present invention is valu-able to 

the drug in~ustry, particularly f-or ~iagnostics for 

microorg_an_ism infections with an emphasis on 

bacteria. 

c· · Prior Art 

20 Diagnosis of microorganism infection is ~onfirmed 

by detection of the causative pathogen from the 

infected area or by detection of antibodies to the 

causative pathogen in se~um and body fluids. 

Detection of the causative pathogen is particularly 

25 important in the sense that it makes quick treatment 

0£ the patient po$sible. 

Detection of the causative pathogen of infections 
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can be generally_ classified as cultivation and 

identification methods, whereby the.causative 

pathogen is Selectively cultivated and then 

identif~ed based on its bio?hemical p~operties; 

5 genetic diagnosis, whereby amplification by PCR, 

10 

etc.~, is performed based on specific DNA seque?ce of 

the causativ~ pathogen and thus the causativ_e 

pathogen is detected; or immunological methqd_s, 

whereby the causative pathogen is dete.cted u_sing a 

specific reaction of antibody with s~rface ·antigen 

marker of the causative pathogen. Howev~r, it takes 

time to obtain results by cultivation and 

identification methods or geneti9 diagnosis methods. 

Therefor~, diagnosis. by. immtjnological· methods is 

·15 commonly used because the causative pathogen can be· 

detected within a short time with high sensitivity 

and the patient can be q~ickly and appropriately 

treat.ed. 

c; Depending .on the bacterial species I a variety of 

~ mar~er antigens and antibodies can be used, alone or 

in combination to·det~ct the causati~e· pathogen of 

infections by conventional immunological methods. 

For instance, lipopolysa~charide (LPS) represents 

a genus-spec-ific antigen of Chlamydia, (Stephens, R. , 

25 et al.: J. Immunol., 128:1083-89, 1982, Caldwell, 

M.D.: Inf. Immun., 44:306~14, 1984), and antibodies 

to LPS are used as the reagent antibody in a variety 
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of ·diagnostic.kits, particularly for the detection of 

Chlamydia trachomatis. 
.. 

Moreover, Peterson et al., (Infection and 

Immunity, 59 (11), 4147-4153, 1991) and Battei.ger·et 

5 al., (Infection and Imm.unity, 53(3), 530-533, 1986) 

- 10 

hav~ reported monoclonal antibodies to major outer 

membrane p~otein (MOMP) of the genus Chla~y~ia. 

Publication of unexamined Japanese app~ication 

No. 298/1988 discusses an immunodetection method 

based on the western blotting that uses a monoclonal· 

antibody to·an approxim~tely 43 kilo Dalton ~embrane 

protein antigen of Myc'aplasma pneumoniae. 
. . 

A method of preparing mo-noclonal antibody to 

Haemophi_lus i.nfluenzae and a diagnostic method that 

15 uses said antibody are presented in Publication of 

unexamined Japanese application ·No.· 148859/1987 

(J~panese Patent No. 64065/1994). 

Proteins of approximately 20 kilo Dalton isolated 

C·' from the sodium· chelate extract of the outer membrane 

20 vesicle o.f Neisseria gonorrhoeae strain BS4 (NCTC 

119_2 __ 2) are documented and preparation of hybridomas 

usi~g said substance is disclosed·i~ British Patent 

Application No. 2,172,704. Moreover, EP 419238Al 

describes preparation of a monoclonal antibody, which 

25 ·can bind to a protein of approximately 14 kilo Dalton 

prepared by using Neisseria gonorrhoeae as an 

immunogen and a method for the preparation of such a 
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monoclonal antibody. Additionally, a method· of 

detecting the same Neisseria gonorrhoeae using 

monoclonal antibody to lipopolysaccharide (LPS) is 

mentiorled in Canadian Patent Application No. 

5 1,220,147. : 

• However, there are- problems with said antibodies 
.. 

and detection methods based on those antibodies in. 

that species specifici~y to microorganisms ~s 

insufficient for proper diagnosis. The antibodies ·do 

10 not de_tect al.l serum· types as· different types ·of 

s~rface antigen present within one species. 

· Marker antigens mentioned in these prior arts are 

different in terms of their function, ·structure and 

c~ilula~ locations .. _Furtherrnore, thei are not 

15 evolutionarily conser~ed and often not resistant to 

antigenic drift. Antigens like these might have 

advantage. for serotyping but not for ~outirie 

laboratory diagnosis where ·a common. antibody is 

( . ." needed to detect all of the members within the 

20 species. A common antigen that is with common 

function that ~s evolutionarily protected but have 

measurable difference from species to species was not 

described hitherto .. 

25 DISCLOSURE OF.THE INVENTION 

The present invention strives to make ideal 

microorganism detection and immunodiagnosis possible 
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and with innovated anti~ody to the same molecule in 

dif~erent microorganisms. Particularly antibodies to 

the molecular segment that is a part of same 

intrace1lular functional component of all 

5 microorganisms. More intensely, .it .describes an 

antibody to -detect the evolutionary signature within 

10 

a molecule that is common in all tbe member of· a 

species but·differ form species to species. A method 

of detecting microorganisms, whic~ is species 

spe6ific and can cover almost all serum type~, ... a 

reagent kit for detection. of microorganisms that use 

said antibody, and.a method f9r preparing a speci~ic 

antibody used for detection of microorganism~. 

The ~resent invention describes ~ protein ~ith 
. . 

15 the· same function, pres·erved in all microorganisms as 

a useful antigen protein. Usually, ~t is expected 

that such a protein be subjecte~ to a structural 

.change only to a small extent·. However, it was found 

C:.; that the anti.gen epi tope ·of this· protein has 

20 specificity to certain species ~r genus of 

microorg~nisms, and that the antibody for· this 

protein not only has potentialities of being used for 

specifically· ideritifyirig species or genus of 

·microorganisms, but also is capable of detecting all 

25 serotypes of the subject microorganisms. 

The inventors focused on. intracellular molecule 

that are present in all microbial cells and differ 
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between microorganisms in terms 9f its amino acid 

sequence, particul~rly ribosomal protein L7/~12, 

which is a member of .ribosoma~ protein. Ribosomal 

proteirt L7/Ll2 ~s a p~otein. with a molecular weight 

5 of approximately 13 kilodaltons a~d is known to exist 

as ln essenti~l ribosomal protein in protein 

synthesis.. Progress has been made in understanding 

the comp;J-ete amino acid seque·nce of .several .. 

microotga~isms including Escherichia cbli and 

W Baccillus subtilus, etc., and 50% tb 65% homcilogy of 

the ~mino acid sequence betw~en the microorganisms 

has found. 

The inventors focused on the fact that even 

.though ~here are similarities betweeri different 

15 microorganisms in terms of said molecul~, this 

molecule also has a ·structural segme?t_ that is u~ique. 

to each microorganism and discovered th~t ~t·is 

possible to detect·~arious microorganisms with 

(~::·· species -specificity and to detect all serotypes 

W within the same species by using antibody to sai4 

protein. As a result of attempting to develop a 

technology for immunodiagnosis .of microorganism 

species using antibody specific to, for instance, 

Haemophilus influenzae, Streptococcus pneumoniae, and 

25 Neisseria gonorrhoeae, the inventors completed the 

pre~ent invention upon .. discovering t~at antibody 

specific to said protein of each species of 



C 
. 
. 
. 

(;. 

microorganisms can be obtained and ~pecies-specific 

detection of different bacteria is possible usi~g 

said antibody. 

Th~ present invention relates to an antibody used 

5 for detecting microorganisms, a method-of detecting 

microorganism~ using the antibody, a r~agent kit· for 
.. 

detecting microorganisms using the antibody, and a 

method for preparing specif i·c antibodies fo;i:-

detecting microorganisms. 

10 1) Antibodies which are antibodies t~ ribosomal· 

protein of microorg~nisms .and which react 

specifically with said microorganisms. 

2) The antibodi~s described in 1) above, ~here 

the ribo~o~al protein of the microorganisms is 

·15 ribosomal protein L7/Ll~. 

3) The antiBodies described in 1) or 2) above, 

where said microorganisms are ·microorganisms which 

cause a sexually transmitted disease (STD). 

4) The· antibodies described in 1) or 2) above, 

20 where said micro9rganisms are microorganisms which 

·cause respiratory tract infection. 

5) The antibody desc~ibed in 4). above, where the 

causative.microorganisms of respiratory tract 

infection are· micr·oorganisms of Haemo.philus 

25 inf 1 uenzae. 

6) The antibody described in 4) ab6ve, where the 

causative microorganisms of respiratory tract 
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infection are microorganisms of Streptococcus 

pneumoniae. 

7) The antibody described in 3) above, where th~ 

causatrve microorgan.isms of sexually transmitted 

5 diseases (STD) are microorganisms of Neisseria · 

gonorihoeae. 

8) The antibody described in 7) above, which is 

the antibody to ribosomal protein L7/Ll2 of Neisseria 

gonorrhoeae and which identifies a ~mino acid 

10 sequence moiet~ from 5 to 30 amino.acids· including 
. . 

the 115th alanine in the amino acid sequence of 

Sequente ID No. 2~ of the S~qrience Table. 

9) A method of detecting microorganisms, which is 

characte~ized by the fact.that antibddy.to 

15 intracellular molecules that have th~ ·same function: 

for a variety of microorganisms is u~ed.· 

10) A method of detecting microorganisms~.~hich· 

is characterized by the fact that any antibody· 

(:·~· described ~n 1) to 8) above is used. 

20 11) .A reagent kit ·for· detecting microorganisms, 

which is characterized by the fact that antibody to 

intracellular molecules that have the.same function 

for a variety of microorganisms is used. 

12) A reagent kit for detecting microo~ganisms, 

25 which is characterized by the fact that any antibody 

described in 1) to 8) above is used. 

13) A method of preparing any antibody described 

. 8 
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in 1) to 8) above, characterized by th·e fact that 

ribosomal protein L7/Lt2 of microorganisms obtained 

by a gene man~pul~tion procedure or by isolation from 

.microorganisms, peptide moiety thereof, or a 

5 synthesized peptide c?rresponding to the peptide 

moiety is used as. an immune source. 

The present invention will·now be explaine~ in 

detaii. · 

Sequences No. 1 and No. 2 in the .Sequence Table 

10 are the.DNA. sequence of the ribosomal-proiein L7/Ll2 

gene.of Hemophilus influenzae and corresP-onding -amino 

acid s~quence~ Sequences No. 3 and. No.· 4 are the DNA 

sequen~e of the ribosomal protein L7/Ll2 gene of 

Helicoba~ter pylori and the corresponding amino a~id 

15 sequence. Sequences No. 5 and No. 6 sho~ the DNA 

sequence and the· correspondi~9 .. amino a.cid sequence of 

the ribosomal protein L7/Ll2·gene of Streptococcus 

pneumoniae. Sequences No. 7 and No. 8 show the DNA. 

r(:::· sequence and the corresponding amino aci~ sequ_ence of 

20 th& ribos9mal protein L7/Ll2 gene of Neisseria 

gonorrhoeae. Sequences No. 9 and No. 10 show the DNA 

sequence and the corresponding amino. aci~ sequence of 

the ribosomal protein L7/Ll2 gene of Neisseria 

meningitidis. Sequence No. 11 and Sequence No. 12 in 

25 the Sequence Table are the primers DNA for PCR used 

to acquire the ribosomal protein L7/Ll2 gene from 

Hemophilus influenzae. Sequences No. 13 and No. 14 
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in the s•guence Table are ~he ~rimer DNA for PCR used 

to acquire ~he ribosomal protein L7/L12 ~ene from 

St~eptococcus pn~umorliae. Sequences No. 15 and No. 

16 in tne Sequence Table are the primer DNA for PCR 

C' , 

5 used to acquire· the ribosomal protein L7/Ll2 gene 

from Neisseria gonorrhoeae. Seqtiences·No. 17 and No. 

18 show the DNA sequenc~ and the:corresponding amino 

~cid ·sequence of the ribosomal protein L7fL12 g~ne 6f 

Hemophilus influenzae. Sequences No. 19 and No. 20 

10 show the DNA sequence and t~e corresponding amino 

acid sequence of the ri~osomal protein LJ/Ll2 g~ne of 

Streptococcus pneumoniae~ Sequ~nces No. 21 and No. 22 

show the DNA sequence and the corresponding amino 

acid seqµence of the ribosomai piot~i~ L7/L12 gene of 

15 Neisseria gonorrhoeae. 

Furthermore, the left and.right termirrals of the 

amino acid sequences entered in the Sequence Ta·ble 

are amino group (referred to below as the N terminal) 

l~ and carboxyl grou~ termirials (referred to below ~s . 

~ the.c terminal), respectively, and the.left terminal 

and right terminal of the base sequence is the 5' 

terminal and the 3' terminal, respectively . 

. . Moreover, the serie~ of b~omolecular experiments 

of gene preparation mentioned in this text can be 

25 . performed by methods entered in standard experimental 

manuals. "Molecular cloning: A laboratory manual," 

Cold Spring Harbor Laboratory Press, Sambrook, J. et 

IO liiffli1filf 
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al. (1989), is an example of the aforementioned 

standard experimental manual. 

The term microorganis~ in the present invention 

refers-to all species of microorganisms, including 

5 bacteria, yeast, mold, Actinomyces, rickettsia~ ~tc., 

10 

15 

20 

but~bacteria in particular pose a problem in terms of 
. . 

diagnosis of microbial infections. 

~he term "antibody ~hich react~ spe~if~cally with 

microorganisms" as used in the present invention 

means an a~tibody, which reacts specific~lly with a 

·species or group of microorganisms. An antibody, 

which reacts specific~ll~ with a species of 

micioorganisms, is p~rticularly ~seful for the 

diagnos~s of microbial inf~ction dis~ases. 

In the present invention; causative 

microorga?isms ~f STD (sexu~lly transmitted disease) 

i~clude, .but are not limited to, N~i~seria 

gonorrhoeae, Chlamydia trachomatis, Candida albicans, 

7:r_eponeina PC!:llidum, and Ureapla,sma· urealyticum·. · 

In the present invention, causative 

microorganisms of respiratory tract infection 

include, but are not limited to, Haemophilus 

influenzae, Streptococcus pneumoniae, C~lamydia 

pneumoniae, Mycoplasma pneumoniae; Klebsiella 

25 pneumoniae, Staphyloco~cus aur~us, Pseudomonas 

aeruginosa, Streptococcus sp. GroupA, Mycobacterium 

tuberculosis, Le·gionella pneumophila, and Aspergillus 

11 
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The term antibody in the present invention means 

a polyclonal antibody cir monoclonal antibody tha~ can. 

be mad~·using the entire length or only a partial 

5 ·peptide of said r~bo~omal protein .. Alth~ugh there·are 

no ~pecial restrictions to the peptide length for 

making the ~ntibody, th~ segment should be. of the 

length characterizing the ribosomal protein.L7/Ll2, 

and a peptide of S~amino acids or longer, 

10 particularly 8 ~mino·acids or longer, is preferred. 

Antise~urn 6ontainin~ a~~ibody (polyclonal antibody) 

th~t identifies ribosomal ~rotein L7/L12 can ~e 

obtained by irioculating laboratory animais with 

adjuvant and a-pe~tidg or the full length pro~ein as 

15 it is or wh~n necessary, after beirlg crosslinked with 

a carrier protein such as KLH (keyhol~-limpet 

. . 
~emocya_nin) and BSA (bovine serum albumin) and 

recovering the seru• .. Moreover~ the antibody can be 

(.. used after it has been purified fr.om the antiserum. 

~ The laboratory an~~als that a~e ino6ulated include 

sheep, horses, goats, rabbits, mice, rats, etc.,· and 

sheep, rabbits, etc., are particularly preferred.for 

preparation.of polyclonal antibody. Moreover, 

~onoclonal antibody can also be obtained by 

25 conventional methods of making hybridoma cells, but 

mice are preferred in this case. The entire length 

of said protein, oi its partial peptide ·consisting 

12 
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amino acid residues of 5 or more, preferably 8 or 

more, residues that has been fused with GST 

(glutat~ion~ S-transferase), etc.~ can be purifi~d 

and us~d -as antigen, or it can be used as antigen 

5 without being purified. The antibody can also be the 

gen~tic reco~bination ~ntibody expFessed cellularly 

using immunoglobul_in genes that have been· separated 

"by .a variety of methods in manuals ("Antiboqi~s: A 

taboratory manual," E. Harlow et al., ~old Spring 

10 Harbo~ Laboratory)·, cloning methods, et~. 
. . . 

Antibody to ribosbmal protein L7/L12 that can be 

employed as the marker antigen of the present 

inventiori .. can be obtained by the following 3 .methods, 

and other similar methods as well; the methods, 

15 however, are not limited to these~ 

a) The desired antibody ~an.b~ acquir~d by 

synthesizing a peptide ,fragment·· consisting of 5-30 

amino ac~ds for ~icrobrganisms.~ith a known ribosomal 

l) protein L7/Ll~ genetic·sequerice and amino· acid 

20 sequence using the region least similar to the amino 

acid sequence of said protein of another 
. . 

microorga·nisms and making polyclonal antibody, or 

mon.oclonal antibody; .u.sing ·this .peptide fragment as 

·the immune source. 

25 Moreover, it is possible to acquire the entire 

sequence of said gene by using a conventional genetic 

procedure, such as gene amplification by PCR with the 

13 
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DNA sequence at both terminals of said known. genetic 

sequence as the primer, or hybridization using the 

-sequence of a homologous segment as the template 

probe. > 

5 . Then, a fused gene with another protein gene is· 

conitructed and .said fused gene is inserted into the 

host by conventional gene insertion methods using 

Escheri~hia coli, etc., as the host and expressed in 

larg~ quantities.· The desired.protein antigen can 

10 then be acquired by purifying the expressed protein 
. . . 

by affi~ity column methods with antibody to the 

protein that was used as the fusion protein .. In such 

a case, even if ant1body to the amino acid segment 

. retained. within the bacteria is acqui.r!=!d, it does not 

15 coin~ide with the purpose of the prese~t inverition 

because the £ull length of ribosomal protein ~7/L12 

bedo~es the antigen. Consequ•ntly, hybridorna that 

·produces morioclonal antibody to-the antigen that has 

(.: been obtained by ~hi~ method is acqui~~d by 

~ · conventional methods and the desir~d ·antibody can be 

obtained by selecting a clone that produces antibody 

th~t ~ill react only w~th the desired microorganisms. 

b) First, since ther~ is 50 to 60% homology 

between bacteria species in terms of their ribosomal 

25 protein L7/L12 amino ~cid sequence, it is possible to 

easily acquire said protein genes for microorganisms 

with unknown L7/Ll2 amino acid sequence by 

iliiiITliif 14 
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con~entional ~enetic procedures, such as gene 

amplification of a ~pecific sequence segment by _PCR 

methods based on the sequence of the homologous 

segmen~s of the amino _acid sequence, or hybridization 

5 with -the homologous s_egments- as the - template probe, 

using bacteria -having a known ribosomal protein 

L7/L12 amino acid sequence. 

Then, a fused gene with another protei~ gene is 

_constructed and said fus~d gene is inserted into the 

10 host by conventional .ge!le: insertion methods using 

Esc~erichia coli, etc., as the host an~ expressed· in 

large _quantities. The -desiied pr6teiri antigen can 
. . 

then be acquired by purifying the expressed protein-· 

by affin~ty col~mn_method~ with antib~dy to the 

_ 15 protein that ·was used as tP,e fusion protein. rn· .such. 

a case, even _i~ antibody to the amino acid segment -

·retained within the bacteria.is acquired, it does not 

·-coineide- with the purpose of the· present in~ention ---

(.;.· because the full length of ribosomal protein L 7 /L12 

20 becomes the antigen. Consequently, hybridoma that 

- produces moncclonal antibody to the antigen that has 

been obtained by this method is acquired by 

conventional methods and the desired_ antibody can be 

obtained by selecting a·clone having ·ability antibody 

2S that will readt only with the desired microorganisms. 

c) Ribosomal protein L7/L12 that has been 

purified to a high purity can also be obtained by 

15 
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another method, in the case where the amino acid 

sequence of the ribosomal protein L7/L12 is unknown 

whereby a peptide of 5 to 30 amino acids 

corr_esp""onding to th~ common sequence segment retained 

5 in the microorganisms is sy~thesized from the known . . ' . 

amino acid sequence of the r.ibosomal protein L 7 /L12, 

and polyclonal antibody ·or monoclonal antibody to 

this peptide sequence is made by conventional 

methqds. Then the highly purified Ribosomal prot~in 

10 L7/L12 .f~om disrupted mLcroorganism~ is.:obta~ned by­

~ffinity co~umn c~romatogr~phy µsing said antibody. 

Lf ~urity of the protein is insufficient~ it .can 

.be purified.by convention~l methods, such as iori 

exchange chromatography,-hydr6phobic ~hromat6giaphy, 
. . 

15· gel filtration, etc.·, after which the eluted fraction~ 

of ribosomal protein L7/L12 is identified by western 

blotting, etc., using .antibody that was made to 

obtain the pure fr~ction·. The desired antibody can be 

(, obtained by acqtiiring hybridoma or polyclonal 
. -

20 antibody by conventional.methods using the pure 

ribosomal prote±n L7/L12 antigen that has been 

obtained and selecting hybridoma or polyclonal 

antibody that will react specifically with the 

·desired .bacteria, as in b) . 

25 · The antibody of the present invention specific to 

a variety of microorganisms that has been obtained by 

the methods "in a) through c), etc., can be used.in a 

16 



variety of immunoassay methods to obtain diagnostic 

reagent kits specific to a v~riety of microorg~nisms. 

For example, this antibody can be used in aggregation 

reactions where antibody is adsorbed on polystyrene . . . . 
5 latex particles, ELISA, which is a conventi~nal 

techrio~ogy· performed in a microtiter plate, 

· con~entional immunochromatography m·ethods, sandwich 
. . 

a~say, whereby sa~d antibody labeled with c6lored· 

particles or particles.that have coloring capability, 

10 or with enzyme or phosphor, and magnetic 

microparticles coated _wi.th capture anti.body, etc.,. 

are used; etc . 

. The term detection methods for microorganism 
. . 

usirig an~ibody means ·detection methods that u~e 
. . 

15 . conv~n-tional immunoassay such as aggregation 

reactions where antibody is adsorbed on polystyrene 

latex pa_rtfcles, ELI~A,. which is. a con:ventional 

tech~oi~gy perfor~ed in a m{crotiter plate, 

CD conventional. immunoch.romatography methods, sandwich 

·20 assay, whereby said ant~b~dy labeled with colored 

25 

. . 
particles or pa~ticles that have coloring capability, 

or with enzyme· or phosphor, and-magnetic 

micr~particles coated with capture antibody, etc., 

. are used, etc. 

Moreo_ver, the opt~cal immunoassay {OIA) 

technology described in International Patent 

Application.Japanese Laid-open (Toku-Hyou) No. 



509565/1995, in which microorganisms are detected by 

an optical interference ·induced by an antibody 

reaction on the optical thin film which is formed.by 

silicon~ or silicon nitride, is a useful detection 

5 method using an antibody. 

10 

'Moreove~, treatment with an extractio~· reagent 

that uses a variety of surfactants, beginning with· 

Triton X-100 and Tween-20, en~yme trea~ment with an 

appropriate enzyme, such as protease, etc., methods 

whereby t~e .kriown·cell structure is disrupted, 
. . . 

beginning with .disruption of the microorgan~sm by 

physical methods, c,n be used to ~xtract the 

iritra6ellular·marker antigen fro~ the necess~ry 

microorg~nism in said detection method. However, it 

15 is preferred th_at the extraction conditions be 

designed using ·a combination of_ surfactants, etc., so 

that the conditions are. optimized" for extraction of 

the bacteria in question with a reagerit. 

(.~ Moreo:ver, .the term a reagent kit- for detection of 

W microorganisms using antibody mean~ a reagent kit 

that uses said detection method. 

For instance, in the case of obtaining the 

specific antibody to Haemophilus influenzae,_ which is 

of extreme diagnostic significance·as a causative 

25 pathogen of pneumonia, bronchitis, meningitis, etc., 

the amino acid sequence and DNA sequence of ribosomal 

proteiri L7/Ll2 is entered in data base~, ~tc .. 
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The amino acid and DNA sequence of ribosomal 

protein L7/L12 of Ha~mophilus influenzae are shown in 

"Sequences No.· 1 and No. 2 ..... 

Codsequently, in the case of this bacteria, it is 

5 possible to,similarly compare the amino acid sequence · 1. 

of iibosomal ~rotein i7/L12 wi~h th~ same protein of, 

10 

for instance, ~elic~bacter pyloii,.which is show~ in 

"Sequence No. 3 .and No. 4," and synthesize a. peptide 

of 5 t6 30·amino .acids for the-se~ment of low 

ho~ology and make polyclonal antib~dy or monoclonal· 
-

antibody specific to Ha~·m_ophilus influenza.e using 

this peptide. 

In the case of a specific polyclonal antibody, it 

is pref•~red that IgG fraction be .obt~ined by 

15 purification of the antiserum of immunized laboratory 

animals with a protein A column, etc., and affinity 

purificatio~ b~ performed·with th~ synthetic peptide 

used in immun-1:.zation of the J.,aboratory animals. 

(~ Moreover, PCR primers based on the sequences af 

~ N-terminal ·and C-terminal, for example, the PCR 

prime~s shown in Sequences No. 11 and No. 12 in the 

Sequence Table, were designed from the DNA sequence 

of ribosomal protein L-7/L12 of Haemophilus 

influenzae. _Utilizing homology of the PCR primers, 

25 DNA fragments amplified by the PCR method or the like 

using· genomic DNA which is extracted from cultivated 

Haemophilus inf luenzae can be acquired according to a 

19 
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conventional method. The entire length of the gene 

f6r ribosomal protein L7/Ll2 of fia~mophilus 

influenza~- cari be acquired by the analysis of the DNA 

_.sequenee information of these fragments. 

The ribosomal_protein L7/L12 ge~e of Raemaphilus 

inf1 uenzae thus acquired forms a fus i~n .protein gene 

with, for instance, GST etc., and expre~sion vector 

is constructed. using the appropriate expres~ion 

plasmid, Escherichia coli is transformed and large 

quantities of said protein can be expressed. A 

s1.;1.i table amount ·of the transformed Escher Lchia coli 

is cultivated and the crushed bacterial fluid. that is 

r~covered is ~ubmitted to purified by an affinity 

column ~sing-GST to. obtain- the ribosomal protein 

15 L7/L12 and GST fusion protein of R~emoph±lus 

influenzae. It is also _possible to acquire the 

target specifi~ monoclonal antibody by establishing a 

number of hybridomas using said protein as it is.or 

c·:, GST moiety fragments cut -from t·he protein by protease 

W or the like, as ari antigeri protein and s~lecting the 

25 

antibody which exhibits a specific response to 

_Haemophilus influenzae bacteria, or a extract of the 

bacteria, or ribosomal protein L7/L12 of Raemophilus 

influenzae. 

Moreover, the amino acid sequence and the DNA 

sequence of ribosomal protein L7/L12 of Streptococcus. 

pneumoniae which is also highly significant as a 

20 
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diagnostic agent for respirato~y infection diseases 

as well as Haemophilus influenzae, a~e known from 

data bases and the like. The amino·acid and DNA 

~equenc~s of ribosomal pio~ein L7/L12 of 

5 Streptococcus pneumoniae ~re shown in -Seque~ces No." 5 

and~o. 6 of sequence ·~able. 

It is therefore possible to acquire a polyclonal 

antibpdy o~ monoclonal antibody which is sp~cific to 

Streptococcus pneumoniae by designing a PC~ primer, 

the PCR primer shown.b¥ Sequence ID No. 13 or 14 in 

the s·equenc~ ·Table,. ~or example, bas~d on the 

sequences _of N-terminal and C-terminal of.DNA 

sequence of Ribosomal Protein L7/L12s of 

Streptocqccus pneumoniae in the same manner as in the 

15 case of Haemophi~us influenzae, and processing 

thereafter in the same mariner as in the case of. 

Haemophilus influenzae .. 

The .hybridoma AMSP-2 which produces th·e 

l .. ; monoclonal antibody specific to Streptococcus 

~- pneumoniae has been.deposited with the Natiortal 

Institute of Bioscience and Human-Technoldgy, the 

Age~cy of Indu~trial Science and Tech~olo~y, the 

Ministry of International Tiade and Iridu~try, Japan:. 

on July 28,· 1999, with the deposition number FERM BP-

25 6 8 0 7. 

Moreover, although the DNA and amino acid 

sequences of the ribosomal protein L7/Ll2 of, for 

21 
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instance, Neisseria gonorrhoeae, which is the 

c~usatlve pathbgeri of gonorrhea and has been shown to 

ha~e diagnostic significance as a typical causative 

pathoge!n of STD, were unknown, .a major part of the 

5 DNA sequen~e and amino acid sequence, which was 

_determined by the Neisseria Gonorrhea Genome Project 

at Oklahoma Univeisiti, USA, is disclose~ on th~ 

Internet. 

When ·part of the Known DNA sequence of ribosomal 
. . 

10 prbtein L7/Ll2 was used to probe ~he existence of DNA 
. . 

fragments with a similar sequence, it wa_s found. that 

DNA sequence corresponding to the riboso~al protein 

L7/Ll2 gene is present and.it w~s _possib~e to o~tain 

d~ta on-its entire DNA sequence. The ~ntire base 

15 sequence and corresponding amino acid sequence of the 

ribosomal protein L7/L~2. gene of this Neisseria 

gonorrh6eae are showri in Sequences No. 7 and No. 8 of 

the ~~quence ta~le. 

(~; It is therefore possible tb acquire the target 

20 antibody which is specific to t{:eisseria gonorrhoeae · 

having the entire or partial Ribosomal Protein ·L7/L12 

of Neisseria gonorrhoeae as an antig€n by designing a 

PCR primer, the PCR primer shown by Sequence ID No. 

15 or 16 in the Sequence· Table, for example, based on 

25 the sequences of N-terminal and c-terminal of .DNA 

sequence of.Ribosomal Protein L7/L12 of Neisseria 

gonorrhoeae in the same manner as in the case of 

22 
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Haemophilus in.fluenzae, and Streptococcus pneumoniae 1 

and processing thereafter in ex~ctly the same manner 

as in the case of Haemophilus influenzae or 

Streptococcus pneumoniae. 

Particularly, the gene sequence o~ ribosomal 

proiein L7/L12 of Neis$eria meningitides, which 

belongs to the same Neisseria· genus ·as Neisse~ia 

gonorrhoeae is disclosed and readily availaple on the 

Internet. The entire base sequence and the 

corresponding amino acid sequence of the ribosomal 

protein L7/L12 gene of Neisseria meningitidis are 

show·n in 11 Sequenc·es No. 9 and N9. · 10. 11 Here·, 

comparing the entire base sequenpe fo~ ribosomal 

protein. ~7/L12 genes .of Neisseria meningitidis ~~d 

15 Neiss~ria gono!rhoea~, only difference in the amino 

acid sequenc~·is that. Neisaeria gonorrhoeae has 

alanirie for the llSth amino· acid from the N-teiminal, 

whereas Neisseria menin~it~di~ has glutami9 acid. 

t·:· Therefore, it can be con~luded that the antibody for 

~ the ribosomal protein L7/L12 of Ne~sseria gonorrhoeae 

which can specifically det.ects Neisseria gonorrhoeae 

is the anttbody which identifies alanine at 115 from 

th~ N-terminal and the amino- acid region ihcluding 

the alanine of ribosomal protein L7/Ll2 as an 

25 epi tope. 

Antibody made pased on the present invention can 

be used in all known types of immunoass.ay, such as 
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aggregation whereby said antibody is adsorbed on 

polystyrene latex, ELISA, which is a conventional 

technology performed in a miciotiter plate, 

convent'ional immunochromatography, sandwich assay, . 

5 whereby.said antibody labeled with·colored particles 

or particl~s. that have coloring. capability, or 

enzymes or phosphor, and magnetic particles coated 

with capture antibody are used, etc. 

Moreover, ant~body that· is m~de based on the 

10· present invention can simultan~ousl~ function'in any 

of these immunoassay methods as a so-called cap~ure 

antibody that captures_ sai~ antigen protein in iolid 

or liquid phase an~ a sd-~alled enzyme-labeled 

antibody by ~od~fication usi~g an eniyme, such as 

. 15. -pe_r~xidase and alk_ali ·phosphatase, etc.,_ by 

coriventional methods. 

BEST MODE FOR CARRYING OUT THE INVENTIO~ 

The_following·examples are given to explain the 

(l present invention in actual· terms, the present_ 

W invention not being restricted to these examples. 

Exampl~ 1 

Cloning of ribosomal protein L7/L12 genes from 

Haemophilus inf luenzae 

After inoculating an appropriate.amount of 

25 Haemophilus influenzae strain ATCC9334 (IID984) 

(obtained from Tokyo University School of Medicine 

Laboratories) in a chocolate agar culture medium, the 

24 
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strain was cultivated for 24 hours in a C02 incubat~r 

under conditions of 37°c·and 0.5% C02. The c~lonies 
·• 

that grew were suspended in a TE buffer (manufactured 

by Wakd Pure Chemical Co., Ltd.) to a final 

~ concentration of approximately 5 x 10 9 CFU/ml. 

Apptoximately 1.5 ml of this suspension was 

transferred" to a microcentrifuge tube and centrifuged· 

for 2 mintites at 10,000 rpm. The supernatant was 

discarded. The sediment was resuspended _in 567 µl TE 

10 .buffer. Thep 30 ~l 10% sodium dodecylsulfate (_SDS) 

and 3 µl 2.0 mg/ml .Proteinase K solution were- added 

and thoroughly mixed. Th~ susp~nsion was incubated 

for another hour at 37°C. ~ext, after adding 80 µl 

10% cety_l trimet?yl ammonium bromide/0. 7 M .NaC.l 

15 solution and thoroughly mixing the p~od~ct, it. was 

incubated for 10 minutes at 65°C. Next, 700 µl. 

chloroform-isoamyl alcohol solution at a volume ratio 

of 24:1 was added and stirred well. The solution was 

(C cen~rif~ged for 5 minutes (while being kept a~ 4°C) 

20 . at ·12, aoo rpm us.ing a micro.centrifugation device and 

the aqueous fraction was transferred to a new 

microtube. Isopropanol was added to the fraction at 

0.6-times its volume and the tube was vig6rously 

shaken to form sediment of the DNA. The white DNA 

~ sediment was scooped with a glass rod and transferred 

to a different microcentrifugation tube containing 1 

ml 70% ethanol (cooled to ~20°C) . 

liimmr 25 
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Neltt~ the_ product was centrifu_ged for 5 minutes 

at l0,000 rpm and the supernatant was gently removed. 

Then another i·rn1: 70% ethanol was added and the 

product•was centriftiged for 5 more minutes .. 

Once the ~upernatant ·had been remove~, the. 

sed~ment was dissolved in 100 µl TE buffer· to obtain 

the DNA· solution. The conce~tr~tion of the genomic 

DNA ~olution was .. deterrnined quantitatively in 

according to Sectrophotometric determinat~on of the 

amount of DNA or RNA. described· else ·where (z.1olecular 

cl.oning: A laborat.ory manual," 1989, Ed·s. Sambrook, 

J., Fritsch, E.F., and·Man~atis, T., Cold Sp~ing 

Harbor ·Laboratory.Press). 

PCR (poiyrneiase chain re~ction) -~as performed 

15 using 10 ng. of this genomic DNA .. · T~q _polymerase 

{Tak~ra Co., ltd., code ROOlA}. was employed for PCR. 

20 

25 

Then 5 µl of buffer, 4 µl dNTP mixture, and 200 prnol 
. . . 

each of synthetic oligonucleotide-A, shown ~n 
. . 

Sequence· No. 11 of the Sequence Table and synthetic 

oligonucleotide-B, shown in.Sequence No. 12 of the 

Sequence table were add~d to the enzyme to··bring the 

~inal volume to 50 µl. 

This mixture was cycled 5 times with a TAKARA PCR 
.. 

Thermal Cycler 480 for 1 minute at 95°C, 2 minutes at· 

50°C, and 3 minutes at 72°C and was then cycled 25 

times for 1 minute at 95°C, 2 minutes at 60°C, and 3 

minutes at 72°C. Electrophoresis was performed in 
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1. 5%- a.,garose _gel· usin_g some 'of this PC::R product. 

This product was then. stained with ethidium bromide 

(Nihon Gene C9., ltd.) and observed under ultra~iolet 

rays td confirm amplification of approximately 400 bp 

5 cDNA. After digestion treatmen~ with res~riction 

enddnucleases BamHI and Xhol, electrophoresis was 

perf~rmed in 1.5% agaiose.gel and staining with 

·ethidium bromide ·was car~ied out. An appro~imately 

370 bp band was cut. out from the gel. This band was 

10 purified with ·suprecol (T~ka~a Co., Ltd.) and then 

inse~ted irito pGEX-4T-l (Pha~mac~a) , which is a 

commerc·ial vector. This same vector· can function as 

an expression vector for the desired molecule, which 
. . 

can express ·fused protein with GST pr.otein, by . . . .. .. 

15 ins~rtion of th~ desired gene fragment into the 

appr9priate restriction endonuclease ~ite. · 

Actually, vector pGEX-4T~l and the previous DNA 

were mixed together at a molar ratio of 1:3 and DNA 

was inserted in~o the vector with T4 DNA ligase 

20 (Invitrogen Co~). V~ctor pGEX-4T-l into which DNA 

had been inserted was genetically introduced to 

Escherichia coli one-shot competenb cells (Invitrogen 

Co., Ltd.) and then inocrilated in a plate of LB-Agar 

(Takara Co., Ltd.) semi-sold culture plate containing 

~ 50µg/ml ampicillin (Sigma) The plate was then set-

aside at 37°C for 12 hours and the colonies that grew 

were selected at r.andom and inoculated into 2ml LB-

27 
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Broth liquid culture medium containing the same 

-concentration of ampicillin. Shake .. cultivation was 

performed ·at 37°C for"7 hours and the bacteria were 

recoveted and the plasmid was separated using Wizard 

5 Miniprep (~ro~ega)· in accordance with the attached 

literature. The plasmid was cleaved with restriction 

endonuclease BamHI/XhoI. Insertion of said PtR 

product was confirmed by cutting out approk~mately 

370 bp DNA. The base sequence of the DNA that had 

10 been inserted was determined usin~ said clon~. 

Determin~tion of the base sequ~nce of the 

inserted DNA fragment was performed usirig the . 

Fluorescence Sequencer of Applied Biosystems.· The 

sequence sample was prepared using PRISM~ Ready . . . . . . . . 

15 -React~on -Dye ~erm~nator Cycle Sequencing Kit (App1ied 

Biosystems). First, 9.5 µl reaction stock.solution, 

4.0 µl ~7 promoter primer at 0.8 pmol/µl (Gibco BRL) 

and 6.5 µl of template DNA for-sequencing at 0.16 

(_·: µg/µl w~re add~d to ·a ~icrotu~e with a-capacity of 

20 0.5 ml, mixed and superposed with 100 µl mineral oi~. 

PCR amplificatiqn was performed for 25 cycles, where 

one cycle consisted. of 30 seconds at.96°C, 15 seconds 

at.55°C, and 4 minutes at ·6o 0 c. The product was then 

kept at 4°c· for 5 minutes. After the reaction was 

~ completed, 80 µl st~riliz~d pure water .was added and 

stirred. The product was centrifuged and the aqueous 

layer was extracted 3 times with phenol-chloroform._ 
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Ten-microliter 3M sodium acetate {pH 5.2) and 300_~1 

ethanol were added to 100 µl aqueous !_ayer and 

stirreq. The product was then centrifuged for 15 

minute~ at room temperature and 14,000 rpm an~ the 

5 sediment· was recovered. Once the sediment was washed 

10 

witn 75% ethanol, it was dried under a vacuum for 2 

minutes to obtain the sequencing sample. The 

sequencing sample was dissolved in formamid~ 

containing 4 µl 10 mM EDTA and. denatur~d fo~ 2 

minutes at 90°C~ This was then cooled in ice and 

applied to sequencer. 

One of the 5 clones ob.tained had homology of the 

sequence wit~ ·the probe used for PCR. In addition, 

DNA sequences extremely similar to th~ gene sequence 

15 of ribo~omal prote~n L7/Ll2 gene of the other 

microorganisms, for example, Neisseria. gonorrhoeae,. 

were dis6overed. The entire base sequence· and ~he 

corresponding ami_no acid sequenc·e of the st.ructural 

C .. ; gene moiety are as s_hown in Sequence ID No. 17 and 

W No. 18 of the Sequence Tabie. This gene fragment 

clearly codes .. for Haemophilus influenzae ribo~omal 

protein L7/Ll2. 

Example 2 

Mass expression in Escherichia coil and purification 

25 of ribosomal protein L7/L12 from Haemophilus 

inf 1 u e·n z a e 

Fifty milliliters Escherichia coli into which 

This Sheet Has Been Replaced 

11111111 m11111111m11111 
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expression vector had been inserted were cultivated 

overnight· in LB at 37°C. Then 500 ml YT medium at 

concentration that was twice that of the 

aforememtioned culture was heated at 37°C for 1 hour. 

5 Fifty.millil~ters of the Escherichia coli solution· 

that had been cultivated 6vernight were introduced to· 

50·0 ml of the aforementioned medium. One hour later, 

550 µl 100 mM isopropyl ~-(D)-thiogala~topy~anoside 

( IPTG) were intro.duced and cultivated for 4 hours. 

10 ~he product was then recovered and introduced to 

centrifugation tube at each 250rnl and 6entrif~ge~ for 

10 minutes at 7,000 rp~. 

·The supernatant was dis6arded and dissol~ed·in 25 

ml each 50 rnM Trisacl at a pH of 7 .. 4 ·and Lysis buffer 

15 .conta"ining 25% sucrose .. 

Furthermore, 1.25 ml 10% Nonidet P-40(NP-40) and 

125 µl 1 M MgCl2 ~ere added and transferred to a 

pl~stic tub~~ Sonication·was ~erformed 1 minute x 5 

t~. times whi.le ice cold. The product was centrifuged· 

20 for 15 minutes at 12,000 rpm and the supernatant was 

recovered. 

Next, th~ aforementioned supernatant ~as adsorbed· 

on a glutathione agarose column conditioned with 

phosphate-buffered sali~e (PBS). 

·25 Then the column was washed with twice the bed 

volume using a washing solution c6ntaining 20 rnM Tris 

buffer at a pH of 7.4, 4.2 mM MgC1 2, and 1 rnM 

30· 
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dithiothreithol (DTT) . Elution was performed with 50 

mM Tris buffer at a pH of ~.6 containing 5 mM 

glutathio~e. Th~ protein conte~t in the fraction was 

determined by the pigment bonding method (Bradford 

5 _method;. Biorad Co.) and the main fraction was 

10 

15 

acquired. 

Purity of the ~urified ribosomal protein 

L7/Ll2/GST fu~ed protein that was obtained was 

confirmed by electrophoresis to be app~oximately 75%, 

sh.owing that a purity satisfactory for an -immunogen · 

could be guaranteed. 

Example 3 

.Prepara~ion of monoclonal antibody to ribosomal-

·protein L7/Ll2 ·of Haemophilus influenzae 

First~ 100 µg fused protein antigen of.ribosomal 
·-.~: 

~rotein L7/Ll2/GST of Ha~mophilus.infl~enzae were 

dissolved in 200 µl. PBS and then 200 µl Freund's 

_complete·adjuvant were added and mixed and 

emulsification was perfor~ed: Two-hundred 

20 microliters were injected intraperitoneally to 

immunize mice. 

Then the same emulsion antigen was 

intraperitoneally injected after 2 weeks,· after 4 

weeks, ~nd after 6 weeks. Two-fold the concentration 

25 of antigen emulsion was injected intraperitoneally 

after 10 weeks and after 14 weeks. The spleen was 

excised 3 days after the final immunization and 

1ii~i1fi1Ui 31 



submitted to cell fuslon. 

After thorou~hly mixing 2 x 167 myeloma cells per 

10~ spleen cells f~om mic~, which had been re9overed 

asepticaily, in a glass tube, the mixture was 

5 centrifuged for 5 minutes _at 1,500 rpm and the 

·supernatant was discarded. The cells were thoroughly 

mixed. 

The myeloma cells used for cell fusion were 

obtained by cu~tivation of cell strain NS-1 with an 

c· 10 RPMI .1640. culture medium· containing 10% FCS I 

qultivating this. product beginning 2 weeks before 

cell _fusiori·-usi~g an RPMI 164~ medium con~aining 0.13 

mM azaguanine, 0.5 µg/ml MC..;...210, and 10% FCS for 1 · 

(_ 

.weeks,- and then further cultivating the cell strain 

15 for 1 week with an RPMI 1640 medium containing 10% 

FCS. 

20 

Thirty milliliters of RPMI 1640 culture medium· 

that had· been kept at 37°C were added to the mixed 

cell sample and centrifuged at 1,500 rpm. After 

removal ~f the supernatant, 1 ml 50% polyethylerie 

glycol that had been kept· at 37°C was added and 

stirred for 1 minute. 10 ·ml RPMI 1640 medium kept at 

37°C were added and the solution was vigorously mixed 

for approximately 5 minutes as it was suctioned and 

~ evacuated from -a sterile p~pette. 

After centrifugation for 5 minutes at 1,000 rpm 

and removal of the supernatant, 30· ml HAT medium were 

32 
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added to bring the cell concentration to 5 x 10 6 /ml. 

This mixtute was stirred till uniform and then 

poured, 0.1 ml at a time, into a 96-well culture· 

plate and cultivated at 37°C under.,. 7% C02. HAT medium 

was added, 0.1 ml at a time, on Day 1 and at Week 1 

and Week 2. 

Then the cells that had produced the desired 

antibody were screened by ELISA. 

s6lutions of GST fusion ribosomal protein L7/Ll2 

and GST protein of Haemophilus influ?nzae dissolved 

in PBS containing 0.05% s6diurn azide diluted to 10 

~µ~/mi -~e~~·poured, each 100 µlat a tirn~, into 
·:·.. .. . . - . 

15 

-separate -96-well.plates- and adsorbed overnight at 

4°C: 

After removal of the supernatant, .200 µl of 1% 

·bovi~e serum albumin solution (in PBS) ,were added and 

reacted and blocked for 1 hour at room temperature. 

After r~moval of th~ supern~tant, the _product was 

washed with washing solution ·co.02% Tween 20, PBS) 

W One-hundred ~icroliters culture solution· of fused 

cells were added to this and reacted for 2 hours at 

· roo~ temperature. The supernatarit was.removed and 

washed.with washing solution. Next, 100 µl 

peroxidase-labeled goat anti-mouse IgG anti~ody 

25 solution at a concentration of 50 ng/ml were added 

and the solution was reacted for 1 hour at room 

temperature. The supernatant was removed and the 

33 
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product was again washed with washing solution. Then 

TMB solution (KPL Co., ltd} was added, 100 µlat a 

time, and the mixture was reacted for zo·minutes at 

room temperature. After coloration, 100 µl 1 N 

5 sulfu~ic acid were add~d to stop the reaction and 

absorbarice at 450 nm was determined. 

10 

As a result, positive wells that only reacted 

with GST fusion ribosomal _protein L7/Ll2 and did not 

react w~th GST protein were detected, a~d it was 

concluded that antibody to ribosom.al protein L 7 /Ll2 

i.s · p.i;esent. · 

Therefore, the cells in the positive wells were 

re~overed.~nd cultiv~ted with HAT ~edium.in a 24-well 

plastic.plate. The fused medium that had been 

15 cultivated was diluted with HT medium to a cell count 

20 

25 

of ·approximately 20 cells/ml and then ~ixed with 10 6 

six-week-old mouse thyroid cells· suspended in HT 

Cultivation medium in a 96-w~ll 6?lture· plate. 

Culture was performed for 2 ~eeks at 37°C under 

conditions of 7% COr. 

Antibody activ~ty in the culture supernatant was 

similarly determined by the aforementioned ELISA 

method and the ·cells that showed positive reaction 

with ribosomal protein L7/Ll2 were recovered. 

Furthermore, the same dilution test and cloning 

procedure was re~eated to obtain a total of 5 clones 

of hybridoma HIRB-1 - 5. 
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Example 4 
. . 

Reaction of monoclonal antibody that reacts with 

ribosomal protein L7/L12 protein of Haemophilus 

5 influenzae with Haernophilus influenzae an~ other 

bacteria . 

10 

·Mono~lonal antibody was produced and recovered in 

accordance with standard methods using the positive 

hybridoma cells obtained as pr~~iously desc~ibed. 

"Basically, 5 x 10 6 cells that had .been 

subcultivated using RPMI 1640 culture mediu~ 
. . . . . . : 

{coritaining 10% FCS) ·w~re ~ntraperitoneaily injected 

irito Balb/C mice.that had been i~traperitoneally 

injected with 0.5 ml Pristane 2 weeks earlier~ 

15 Ascite~ was r~covered 3 weeks later and the 

20 

centrifugation supernatant was obtained. 

The· solution 6ontaining antibody that was 

obtained was adsorbed in a Protein A column (~ ml 

bed, Pharmacia} and:rinsed with PBS ·at ·3-times ·the 

bed volume .. Then elution with citrate buffer at a pH 

of 3.was performed. The antibody fraction was 

recovered and the monoclonal antibody that produced 

by ~ach hybridoma was obtained. 

The monoclonal antibody der~ved from these· 5 

25 strains of hybridorna was used in ELISA. 

· The sandwich assay ~ethod was used to assess the 

monoclonal antibody. The monoclonal antibody that 

. 35 



,. 

... · ... .-

·. ·.:: . 

'· } .. 

1>". 
\..:.: .. 

was prepared was used as an enzyme-labeled antibotjy. 

by being chemically bound to peroxidase. 

That is, enzyme labeling was performed in 

accordance with the method in "Analytical 

5 Biochemistry" 132 (1983), 68-73 with the reagent S-

10 

15 

~cetylthioacetic a~id N-hydroxysuccinimide_for ·· 

binding using horseradish peroxidase (Sigma Grade 

VI). By means of the ELISA reactio~, a solution of 

commercial anti-Haemophilus influenzae polyclonal 

antibody which dissolved· in PBS containing 0.05% 

sodium azide, (Biodesign, rabbit) was diluted to a 
. . 

·c6ncentratiori of 10 µg/~l and po~red,100 µl a~ a . 

ti~eA ·into a separate 9.6-well plate and adsorbe~ 

·overnight at 4°C. 

Afte~ removal of the supernatant, 200 µl 1% FCS 

solution· (in PBS) were add~d and react~d and block~d 

f6r 1 hou~ at room temperature .. The .supernatant was 

removed and the product was washed with washing. 

solution (0. 02% Tween 20 ,· PBS). One-hundred 

20 microliters of antigen solution, which had been 

obtained by adding Triton X-100 ~o culture solutions 

of each species of rnicroorg~nism to a concentration 

of 0.3% and then extracting the solution for 5 

rnintites at· room temperature, were added to this and 

25 reacted for 2 hours at room temperature. The 

supernatant was removed and the product" was further 

washed with washing solution. Then 100 µ1· 
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peroxidase-labeled anti-ribosomal protein L7/L12 

antibody solutio~ a~.s µg/ml were added and reacted 

for 1 hour at· room temperature. The supernatant was 

removed and the product was washed with washing 

solution. TMB.(KPL Co.) solution was added, 100 µl 

at a time, and reacted for 20 minutes at room 

temperature. After coloration~ 100 µl 1 N sulfuric 

acid were added to stop the reaction. Absorbance at 

450 nm was determined. 

As a result, as shown in Table 1 it is clear that 

when monoclonal antibody derived from hybridoma HIRB-

2 ·w~s used.as the enzym~~labeled antibody, all 
. . . 

. strains of fiaemophilus influenzae tested were 

·det~cted-at a sensitivity of 10 6 bacteria/ml, while 

15 reactivity of other bacteria belonging to the genus 

Neisseria and other microorganisms cou~d not be 

detected, even at high concentrations-of 10 8 

bacteria/ml and therefore, antibody wit~ specific 

reactivity to Haemophilus inf·luenzae ·can be obtained 

W by using monoclonal antibody to ribosomal protein 

L7/L-12. 
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Table 1 

Results of Detection 
t 10-Ei -ce1ls7m11 

Haemophilus influenzae ATCC9327 I 
T 

Haemophilus inf luenzae ATCC9334 + 
Haemophilus influenzae ATCC9007 + 
Haemophilus inf luenzae ATCC9332 + .. 

Haemophi.lus influenzae ATCC8142 I 
T 

Haemophilus inf luenzae ATCC9833 + 
Results ·of Detection 
( 10 8 cells/ml) 

Neisseria meningitides ATCC13090 -
Neisseria lactamica ATCC30011 
Neisseria mucosa ATCC35611 -
Neisseria ·sicca ATCC9913 -

Branhamella catarrharis ATCC25240 -
Neisseria gonorrhoeae ATCC97.93 -
Escherichia coli ATCC25922 -
Klebsiella·pneumoniae ATCC13883 - ... 

{+: Positive; -· Negative) . 

5 

Exampl~ 5 

Cloning of ribosomal protein L7/Ll2 genes from 

Streptococcus pneumoniae, mas·s expression. in 

Escherichia coli and purification of· the same protein 

10 and preparation of monoclonal antibody to the same 

protein 

After inoculating an appropriate am9unt of 

Streptococcus pneumon£ae strain IIDSSS (obtained from 

T~kyo· University School of Medicine Laboratories) in 

·15 a blood. agar culture medium, the strain was 
. . 

cultivated for 48 hours.in an incubator at 37°C. The 

colonies· that grew were suspended in a TE buffer to a 

38 
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final concentration of approximately 5 x 10 9 CFU/ml. 

Approximately l;S ml of this suspension~as 

transferred to a microcentrifugation tube and 

ce~trifuged for 2 minutes at 10,000 rpm. The 

5 supernatant was discarded. The sediment was 

~es~spended ~n 567 µl TE buffer. Then 30 µl 10% SDS 

and.3 µl 20 mg/ml Proteinase K ·solution were added 

and thoroughly mixed. The suspension was incubated 

10 

for another hour at 37 °C. Next, after adding 80 µl 

10 % cety 1 . tr imethy 1 amrnori.i um bromide /0. 7 M·. NaCl 

solution and ·thoroug:hly mixing _.the produc~, ·it was 

incubated for 10 minutes at 65°C. Next, 700 µI 

ch~oroform-isoarnyl alcohol solution at a volume ratio 

~f 24/1 ~is added ~nd stirred well. The solution was 

15 centrifuged for 5 min.utes (while being ke·pt at 4°C) 

at 12,060 rpm using a rnicrocentrifugation device and 

the aqueous fraction was transferred to a new 

microtube. Isopropanol was .added to the fraction at 

0. 6-times its volume and the :_tube was vigorously 

20 shaken to .form sediment of the DNA. The white DNA 

sediment was scooped with a glass rod and transferred 

to a different microcentrifugation tube containing 1 

ml 70% ethanol· (cooled to -20°C). 
. . 

Next, the pr.oduct was centrifuged for 5 minutes 

25 at 10,000 rpm and the supernatant was gently removed. 

Then another 1 ml 70% ethanol was added and ~he 

product was centrifuged for 5 more minutes. Once the · 
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supernatant had been removed, the sediment was 

dissolved in 100 µl TE buffer to obtain the DNA 

solution. The concentration of the genomic DNA 

solution ~as determined quantitatively in accordance 

5 with ES: Sectrophotometric determination of the 

~mou~t of DNA or RNA, "Molecular cloning:_A 

laboratory manual," 1989, Eds. Sambrook, J .. , Fritsch, 

E.F., and Maniatis, T., Cold Spring Harbor Laboratory 

Press. 

10 PCR was performed using 10 ng of· this· genomic 

DNA. Taq polymerase (Takara Co., ltd., 6ode ROOlA) 

~~s employed for PCR. Thens· µl of.buffer attached 

~to ~niyme,·. 4 µl dNTP mixture attached to enzyme, and 

200 pmol· each of ·synthetic oligonucleotide C sho~n in· 

15 Sequenc~ N6. 13 of the Sequence Tab~e and syn~hetic 

oligonucleotide D shown in Sequence No, 14 of: the 

Setjuence table were- added to the enzyme to.bring the 

final velum~ to ~O µ1. 

20 

This mixture was cycled 5 times with a TaKaRa PCR 

Thermal Cycler 480 for 1 minute at 95°C, 2 minutes at 

~0°C, and 3 minutes at 72°C and was then cycled 25 

times for 1 minute at 95°C, 2 minutes at 60°C, and 3 

minutes at 72°C. Electrophoresis ~as performed in 

1.5% agarose gel using some of this ~CR product. 

25 This product was then sta~ned with ethidium bromid~ 

(Nihon Gene Co., ltd.) and observed under ultraviolet 

rays to confirm amplification of approximately 400 bp 
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cDNA. After ·ctigesticin treatment with restiiction 

endonucleases BamHI and Xhol, electrophoresis was 

performed in 1.5% agarose gel and staining with 

ethidium bromide was carried out. An approximately 

5 370 ·bp _band was cut out from the gel. This band was 

purified w~th SuprecOl (Takara Co., Ltd.) .. ~nd then 

inserted into pGEX-6P~l (Pharmacia) which is· a 

commercial vector. 

This same vector can function as an expression 

c:· 10 vector for ·the desired molecule; wh"ich can express 

fused pro~ein wit~ GST protein~ by insertion of the 

~.e!s.ired gene· fra~ent into the appropriate 

restr{ction endonuclease site. Actually, vector 

-~GEX76P-l ~nd the.previous DNA were mixed together .at·. 

15 a molar ratio of 1:5 and DNA was inserted into the 

vector with T4 DNA ligase {Invitrogen Co.). - Vector 

pGEX-4T-l i~to which-DNA had been inserted was 

genetically introduced to Escherichia coli One-Shot 

Competent Cells {Invitrogen-Co., Ltd.) antj then 

20 inoculated in a plate of L-broth {Takara Co., Ltd.) 

semi-sold culture plate containing 50 µg/ml 

ampicillin (Sigma) . The plate was then set aside at 

37°C for 12 hours and the colonies that grew were 

selected at random and inoculated into 2 ml L-Broth 

25 liquid culture medium containing the same 

concentration oC ampicillin. Shake cultivation was 

~erformed at 37°C for 8 hours and the bacteria was 
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recovered and the plasmid was separated using Wizard 

Miniprep in accordance with the attached. literature. 

The plasmid was cleaved with restriction endonuclease 

BamHI/XhoI. Insertion of said PCR product was 

5 confirmed .by cutting out approximately 370 bp DNA. 

10 

The ba~e seque~ce of the DNA that had been inserted 

was determined using said clone. 

Determination of the base sequence of the 

inserted DNA fragment was performed using the 

F_lu·orescence Sequencer of Applied· Biosystems. 

.·sequence sam~le was _prepared u~ing PRISM, Ready 
'· 

The 

~~acf iori Dye Term~nator Cycle Sequencing Kit (Applied 

"},fie.·-,.· 'a·i·osystems). First, 9. s µl reaction stock solutiOn, 
. ·-~·· .... 

( 

4 .·o µl T7 ·pro.rooter primer at 0. 8 · pmol/µl (Gibco BRL) · 

15 artd 6.5 µl of template DNA for sequeri~ing at 0.1~ 

20 

µg/µl were. added to a.microtube with a.capacity of 

0.5 ml, mixe~ and ~uperposed with 100 µl minerai ~il. 

PCR amplification·wa~ performed for. 25 cycles; where 

one cycle qonsisted of 30· sedorids at 96°C, 15 seconds 

at 55°C, and 4 minutes at 60°C. The product was then 

kept at 4°C for 4 minutes. After the reaction was 

completed, 80 µl $terilized pure water was added and 

stirred. The_ product was c~ntrifuged and the aqueous 

layer was extracted 3 times with phenol-chloroform. 

25 Ten microliters 3M sodium ac~tate (pH 5.2) and 300 µl 

ethanol were added·to 100 µl aqueous layer and 

stLrred. ThB product was then centrifuged for 15 
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minutes at room temperature and 14,000 rpm and the 

sediment was recove~ed. Once the sediment was washed 

with 75% ethanol, it was dried under a vacuum for 2 

minutes to obtain the sequencing. sample. The 

5 sequencing sample was dissolved in formamide 

10 

. . 
containing 4 µl 10 mM EDTA and denatured for 2 

minutes at 90°C. This was then cooled in ice and 

submitted to sequencing. 

One of the· 7 clones.obtained·had homology of .the 

sequence with the probe used for PCR. In addition, 

DNA s~quences ex.tremely similar to the gene ·sequence 

ot_.·rib~so~al protein .~7/Ll2 gBne of the other 

microoiganiims,'for example, Neisseria gonorrhoeae, 

were ·discovered. The ~ntire base sequence and the 

15. corresponding amin6 acid .~equence of ihe structural 

gene.moiety are as shown in Sequence ID No. 19 and 

No. 20 of the Sequence Table. This gene fragment.· 

clearly codes for Streptococcus pneumoniae ribosomal 

protein L7/L12. 

20 50 ml Escherichia coli into which expression 

vector. had been inserted was cultivated overnight in 

a two-fold concentration YT medium at 37°C. Then, 

450ml of the two-fqld concentration YT medium was 

heated at 37°C f~r 1 hour. 50 ml of the Escherichia 

25 coli solution that had been cultivated overnight was 

introduced.to ·450ml of the aforementioned medium. 

After cultivation f6r one hb~r at 37~C, 100 µl SOOm 
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mM IPTG was introduced and cultivated for 4 hours at 

25°C. The. product was then recovered and i.ntroduced 

·to a 250 ml centrifugation tube and centrifuged for 

20 minutes at 5000 rpm. The supernatant was 

5 discarded and dissolved in 25 ml each 50 mM Tris-HCl 

at a pH 6f 7:4 and Lysis buffer containing_25% 

sucrose. 

Furthermore, 1.25 ml 10% NP-40 and 125 µl 1 M· 

(') ·.10 

MgC1 2 were added and transferred to a plastic tube. 

Sonication was performed· 1 miriute x 5 times while ice 

........ ·: ... . 
. . . ~ 
. . ..... 

Yt:f;,I 

r·. \:..:. 

cold·. The product was centrif~ged for 15 minutes at 

:1~ 1 000 rpm· and the supernatant_ was recovered. 

: Next'· the af or.ementioned supernatant w·as adsorbed 

· o~ a 'gl~~~thione sepharose column {~anufactured by 

15 Pharma~ia) conditioned with PBS. Then, the column 

was washed with PBS three times the ·bed volume. 

Elution was performed with· 50 mM Xris-HCl at a pH of 

8.0 containing 10 mM glutathione. The protein 

content in the fraction was determined by the pigment 

20 bonding method {Bradford ~ethod; Biorad Co.) and the 

main fraction was acquired. The main fraction was 

dialyzed_three times against 3L PBS. 

1 ml of a cleavage buffer containing 500 mM Tris-

HCl (pH 7.0), 1.5 M NaCl, 10 mM EDTA, and 10 mM DTT 

25 was added to 10 ml of 1 mg/ml solution of the 

resulting GST fusion ribosomal protein L7/Ll2. 100 

µl of 2 µg/µl PreScission Protease {manufactured by 
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Pharmacia company) was further added and reacted at 

4°C to separate the GST moiety from ribosomal protein 

L7/Ll2. 

The reaction solution was caused to pass through 

5 a glutathione sepharose column which h~d been 

10 

conditioned-with PBS. The solution coming_out from 

the column was reGovered. One-bed volume of PBS was 

caused to pass through and also recovered. Purity of 

the purified ribosomal protein L7/L12 that was 

obtairied was confirmed b~ electrophoresis ·to' be 

appro~imately 90%, showing tha~ a purity satisfactory 

for an immunog·~n could. be guaranteed. 

Firs.t:, 100 µg protein antigen of ribosom·al· 

prot~iri L7/Ll2 of Streptococcus ~neumoniae was 

15 dissolved in ?DO µl PBS and then 200 µl. Freund's 

20 

25 

complete ·adjuvant was added and rni~ed and 

emulsification was performe~. 200 µ1 was 

intraperi toneally inj.ected to immunize mice. Then, 

the same e~ulsion antigen wa~ ·intrap~ritoneally 

injected after 2 weeks, after 4 weeks, and after 6 

weeks. A two-fold concentration antigen emulsion was· 

further injecte~ ~ntraperitoneally.after 10 weeks ~nd 

after 14 weeks. The splee~ was excised 3 days after 

t'he final immunization and submitted to" cell fusion. 

After thoroughly mixing 2 x 10 7 rnyeloma cells per 

10 8 spleen cells from mice, which had been recovered 

·aseptically, in a glass tube, the mixture was 
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centrifuged £or 5 ~inutes ·at 1500 rpm and the 

supernatant was discarded. The cells were thoroughly 

mixed. 

The myeloma cells used for cell fusion were 

5 obtained by cultiv~tion of cell strain NS-1 with an 

RPMI 1640 ~ulture medium containinO 10% .FC~, 

cultivating this product beginning 2 weeks before 

cell fusion using an RPMI 1640 medium containing 0.13 

mM azaguanine, 0.5 µg/ml MC-2iO, and 10% FCS for 1 

(!} 10 weeks, and then. further. cultivating the cell strain 

for 1 week with an RPMI 1640 medium co~taining 10% 

FCS. 30 ml of 50 ml RPMI 640 culture medium that.had 

·.been· kept at 3 7°C was .added to the mixed cell sample 

~rid. centrifuged at 1,500 rpm. After removal of the 

15 supernatant, .1 ml 50% polyethylene glycol that had 

._been kept at 37°C was added and stirred for 2 minute. 

10 ml RPMI 1640 medium kept at ·37°C was added and the 

solution was vigorously mixed for approximately 5 

minutes as it was suctioned ~nd evac~ated using a 

20 sterile pipette. 

Afte~ centrifugation for 5 minutes at 1,000 rpm 

an.d removal· ·of the supernatant, 30 ml HAT medium were 

added to bring the ~ell concentration to 5 x 10 6 

cells/ml. This mixture was stirred till uniform and 

25 then poured, O,lml at a time, into a 96-well culture 

plate and cultivated at 37°C under 7% to 2 • HAT medium 

was· added, 0.1 ml at a time, on Day 1 and at Week 1 
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and Week 2. 

Then, the cells that had produced the desired 

·antibody were screened by ELISA. Solutions of 

ribosomal protein L7/Ll2 of ··Streptococcus pneumoriiae 

5 dissolved.in PBS containing 0.05% sodium azide 

diluted·to 10 µg/rnl were potired, l~O µl at. a time, 

into separate 96-well plates and adsorbed overnight 

at 4°. After removal .of the supernatant, 200 µl ·1% 

10 

FCS solution (in PBS) were added and reacted and 

blocked for 1 hour at room temperature. The 

sup~rnatant was removed and th' product wa~·washed 

wl.th. a ·wa.shing solution co. 02% T_ween 20, ·PBS). l·oo 

~l of.~_~ult~re solutio~ of fusion cells· was.added 
.. 

and reacted for two hours at room temperature. The 

·15 supernatant was removed and the product was f~rther 

20. 

washed with a washing solut~on. ·Then,.100.µl of a 

peroxidase-·labeled· goat anti-mouse antibody solution 

at ~ ~g/ml was added and ~eacted for one hour at room 

temperature. The supernatant·was removed and the 

product was washed with a washing solution. TMB 
-

(KPL) solution was added, ·100 µl at a time, and 

reacted for·20 minutes at room temperature. After 

coloration,· 100.µl.l N sulfuric acid were added to 

stop the reaction .. Absorbance at 450 nm was 

25 determined. 

As a result, positive wells that reacted with 

ribosomal protein L7/Ll2 were detected, confirming 
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presence of the antibody to ribosomal protein L7/Ll2. 

Therefore, the cells in the positive wells were 

recovered and cultivated with HAT medium in a 24-well 

plastic plate. The fused medium that had been 

5 cultivated was diluted with an HT medium to a cell 

10 

6ount of app~oximateli 20 cells/ml and theQ mixed 

with 10 6 six-week-old mouse thiroid cells suspended 

in the HT medium in a 96-well culture plate. The 

cells were cultivated for 2 weeks at 37?c under the 

conditions of 7% C02- Th~ antibody a~tivity in the 

culture supernatant ~as determ~ned ~y the· .· 

aforementioned ELISA method and the -~ells that showed 
·-

·. _: .. 
/.~ ·.·:·;: •· 

.··a =positive. reaction with ribosomal p~~~tein -L7/Ll2. 

c_, 

were recovered. 

15 _ Furthermore, the same dilution and cloning 

20 

procedure was repeated to obtain a t__otal of 4 clones 

_of hybridoma AMSP-1 to· 4. 

Example 6-

Reaction ·of ·monoclonal arttibody that~r~acts with 

ribosomal protein L7/L12 of Streptoco~cus pneumoniae 
or;·~. -

with Streptococcus pneumoniae and othkr 

microorganisms. 
,; .. · .. : 

A monoclonal _antibody was produced and recovered 

in accordance with standard methods using the · 

25 positive hybridoma cells obtained as previously 

described. 

Specifically, cells subcultivated in RPMI 1640 
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medium (containing 10% FCS) was diluted with a serum­

fre~ medium to about 2x10 5cells/ml, 3.3x10 5cells/ml, 

and 5x10 5 cells/ml in 25 cm2 culture flasks, and the 

total volume was made 5 ml. After cells were grown 

5 for 3 to 5 days in 7% C0 2 at 37°C, a flask which 

contains the lea.st number of original cell~ was 

·selected among flasks in which·c~lis were grown. The 

same procedure was repeated until the cells diluted 

to ?x1~ 5cells/ml grow to 2x10 6cells/ml in 3.to 4 days, 

e 10 thereby acc~imatizing. the cells with: the serum-free 

medium. N~xi~ cloning· was per~or~ed· in a 96-well 

t
··. 

'• ... 

plate for bacteria cult~~ation to select cells 
. . 

·ex~ibiting ~aste~t·growth and a highest antibody 

titer. The· selected cells were grown in a 2 4-·well 

15 plate ~nd diluted with a serum-free medium in a 25 
. . 

cm2 culture flask to a concentration of about 

2~i0 5cells/ml and the total volume was made LO ml. 

After incub~tion for 3 to 4 days in 7% C0 2 at 37°C t6 

a concentration of" lxl0 6 cell's/ml, the culture broth 

20 was transferred to a bottle for mass cultivation 

together with 100 ml of lx10 6 cells/ml cells which 

were grown in the same manner in ·a 7.5 crn 2 flask. 100 

ml of a se~um-free medium was added to the mixture, 

which was incubated at 37°C for two days while 

25 stirring. 200 ml of the serum-free medium was added 

again and the mixture vas incubated for a further two 

days. The culture broth was divided into four 
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aliquot, the serum-free medium was added to eacb 

portion, followed by incubation for two days. After 

.further addition of 400 ml of the serum-free ~edium,· 

the culture ~roth was incubated for 6 ~~ys. Th~ 

5 culture broth.was collected and centrifuged at 10,000 

rpm for 15 min~tes ·to obtain a cultvre supernatant 

including the target antibody. After the addition of 

0.1% sodium azide, the culture supernatant was stored 

at 4°C. 100 ml :of the solution containing the 

(} 10 antibody that was obtained was diluted to ·a. 5-fold 

with PBS and adsorbed in a Protein~ column· (5 ml 

bed, Pharmacia) and .rinsed with PBS at 3-times the 
.. 

bed· volume·. Then elution with citrate. buffer at a pH 

of 3 was·performed. The antibody fraction was 

: 15 rec'over~d and mon.oclonal antibody that produced each 

hybridoma was obtai·ned. The monoclonal antibodies 

originating from the four hybridoma strains were 

evaluated according to the OIA method described in 

Publication of the translation of International 

W Pate~t Applicat~on Japanese Laid-open (Toku-Hyou) No. 

509565/1995. 

Specifically, the OIA method comprises preparing 

a reactive substrate by reacting an antibody for 

capture on a silicon wafer having a thin f ilrn layer 

25 of silicon nitride, causing this substrate to react 

with an antigen which is an extract of microorganisms 

for a prescribed period of time, causing the captured 
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antigen to react with an antibody (an amplification 

reagent) which is an enzyme-labeled antibody, and 

finally adding a substrate solution .to produce a 

thin-film precipitate. The antigen-a~tibody reaction 

5 can be judged visually, by a de9ree of light 

. 10 

. . 
interference color produ~ed in the precipi~ate. 

The monocl~nal antibody preparation was used and 

evaluated as a capture antibody to·be immobilized on 

a silicon wafer having a silicon nitride thin film 

layer in the OIA m~thod.· Moreover, peroxidase-

labeled AMGC-1 monoclonal anti~ody which can non­

."!3]?ecif ically react .·with ribosomal proteins· L7/L12 

protein of a variety of microorganisms described in 

Refer~nce Example was· used as ~he detect antibody .. 

15 .That is, enzyme labeling· was performed in. accordance 

with the method in "Analytica·l Biochemistry" 132 

(1983), 68-73 ~ith the reagent S-acetylthioace~ic 

acid N-hydroxysucciriimide for binding using 

horseradish peroxidase (Sigma Grade.VI). 

20 In the OIA reaction, monoclonal antibody in a PBS 

containing 0.05% sodium azide w~s diluted with 0.1 M 

HEPES (pH 8.0) to a concentration of 10 µg/ml and 

added onto a silicone wafer which has a thin film 

layer of silicon nitride, 50 µl at a time, to react 

.25 for 30 minutes at room tem~e~ature, followed by 

washing with qistilled water and.use. 

15 µl of antigen solution, which had been 
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obtained by addin._g 0. 5% Tri ton X-100 to culture 

solutions of various species of microorganisms and 

then extracting the solution for 5 minutes at room 

temperature, was added to the specimen obtained in 

5 the above-de~cribed procedure and reacted for 10 

10 

minutes at room-temperature. Then, 15 µ1-of 20 µg/ml 

peroxidase-labeled AMGCl anti-body was added and 

reacted for 10 minutes. After washing ~ith distilled 

water, a substrate solution (KPL) was added, 15 µl at 

a time, and ·reacted for ~ minutes at room 

temperatura. The product was washed with d~stilled 

~~ter to judge-the concentration of detection signals 

as .arr iritensity_of. light interference by necked eyes. 

As a result,· as shown in Table 2 it is clear that 

15 when monoclonal antibody derived from hybridoma_AMSP-

20 

2 was used as the capture antibody, all strains of 

Streptococcus pneumoniae tested were dete~ted at a· 

sensi ti vi ty of 10 6 bacteria/ml, wh.ile reactivity of 

other bacteria -could not be detected at a higher 

concentration of 10 8 bacteria/ml. Thus~ the antibody· 

with specific reactivity to Streptococcus pneumon~ae 

was confirmed tQ have been obtained by using the 

·monoclonal antibody to ribosomal protein L7/Ll2. 

The hybridoma AMSP-2 which_produces the 

25 monoclonal antibody specific to Streptococcus 

pneumoniae has been deposited with National Institute 

of Bioscience and Human-Technology, the Agency of 
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Industrial Science and Technology, the Ministry of 

International Trade and Industry, Japan, ori July 28, 

·1999, with the disposition number FERM BP-6870. 
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Table 2 

Streptococcus pneumoniae 

Streptococcus pneumoniae 
st·reptococcus pneumoniae 
Streptococcus pneumoniae 
Streptococcus pneumoniae 
Streptococcu_s pneumoniae 
Streptococcus pneumoniae 
Streptococcus pneumoniae 

Escher·ichia coli 
Enterococc11s faecalis 
Haemophilus influenzae 
Klebsiella·. pneumoniae 
Neisseria gono~rhoeae 
Neisseria lactamica 
Neisseria meningitidis 
.Pseudomonas aeruginosa. 
GroupB streptococcus 
Staphylococcus aureus 
Streptococcus pyogenes 
(+: Positive; -· Negative) 

5 Example 7 

Results of Detection 
( 10 6 cells/ml') 

ATCC2733.6 + 
IID554 I 

I 

IIDSSS + 
IID556 + 
IID557 + 
IID558 ..L 

I 

IIDS59 + 
IID1603 + 

Results of Detection 
( 10 8 cells/ml) 

ATCC25922 -
ATCC19433. -
ATCC10211 -
ATCC13883 .:... 

IID821 -
ATCC23970 -
ATCC1309Q· -

ATCC27853 -
ATCC12386· -
ATCC25923 -

· ATCC19615 -

Cloning of· ribosomal protein ~7/Ll2 genes from 

., ,;~ 

·' 

Neisseria gonorrhoeae, mass expression in Escherichia 

coli and purification of the same protein and 

preparation·of monoclonal antibody to the same 

10 protein 

After inoculating an appropriate amount of 
. . 

Neisseria gonorrhoeae ~train IID821 (obtained from 

Tokyo University School of Medicine Laboratories) in 

a chocolate agar culture medium, the strain was 

15 cultivated for 24 hours in a C0 2 incubator under 
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conditions of 37°C and 0.5% C02 . The colonies that 

grew were suspended in a TE buff er to a final 

concentration of approximately 5 x 10 9 CFU/ml. 

Approximately 1.5 ml of this suspension was 

5 transferred to a microcentrifugation tube and 

~entrifuge~ for 2 minutes at 1q,ooo rpm. The 

_supernatant was discar~ed. The sediment was 

resuspended in 5~7 µl TE buffer. Then 30 ~l 10% SDS 

10 

and 3. µ1,20 mg/ml Proteinase K so~ution were added 

and thoroughly mixed.· The suspension wis·incubated 

for another hour at 37°C. 

N~it,· after adding 80 µl 10% cetyl trimethyl 

.amrnonium-bromide/0.7 M NaCl solution and thoroughly 

·mixing th~ product, it was incubated for 10 minutes 

15 at 65°C. Next, ·100 µl chloroform-isoamyl·alcohol 

solution at a volume ratio of 24/1 was ,added and 

stirred well. The solution was centrifuged _for ·s 

minutes (while being kept at 4°C) ~t 12,000 rpm using 

a microcentrifugation device ~nd the aqueous fraction 

20 was transferred to a ·new microtube .- I sopropan.6-1 was 

added to the fraction at 0.6-tirnes its volume and the 

tube was vigorously shaken to form _sediment· of the 

DNA. The white DNA sediment was scooped with a glass 

rod and transferred to a different 

25 microcentrifugation tube containing 1 ml 70% ethanol 

(cooled to -20°C) . 

Next, the product was centrifuged for 5 minutes 
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at 10,000 rpm and the supernatant was gently removed. 

Then another 1 ml 70% ethanol was added and the 

product was centrifuged for 5 more minutes. 

Once the supernatant had been removed, the 

5 sediment was dissolved in 100 µl TE buffer to obtain 

10 

the DNA solution. The ~oncentration of .th~ genomic 

DNA solution was determined quantitatively in 

accordance ~ith ES: Sectrophotometric det~rmination 

of the amount of DNA or ~NA, "Molecular cloning: A 

laboratory manual," 1989 ~ Eds. Sambrook, J·., Fritsch, 

E.F., and Maniatis; T., Cold Spring Harbor Laboratory 

Press. 

PCR -was performed.using 10 ng of this genomic 

DNA. PCR was p~rformed using Taq polymerase (Takara 

. 15 Co., Ltd., code· ROOlA). Then, 5_µ1 .of a buffer 

20 

attached to enzyme, 4 µl of a dNTP-mixture attached 

~o enzyme, and .200 pmol each of synthetic 

oligonucleotide E ·shown in Sequence No. 15 of the 

Sequence Table ~nd synthetic ·oligonuc~eotide F shown 

in ~equence No. 16. of the Sequence Table, which were 

designed based·--_on the ribosomal protein L7/Ll2 DNA 

·sequence ~f Neisseria gonorrhoeae acquired from 

Inte~net Information (Oklahorna·university, N . 
.. 

Gonorrhoeae Genome Project,· disc~os.ed genomic DNA 

25 data) because of the similarity with ribosomal 

protein L7/Ll2 DNA sequence of other bacteria, were 

added to the enzyme to pring the final volume to 50 
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µl. 

This mixture was cycled 5 tim.es with a TaKaRa PCR 

Thermal Cycler ·4ao for 1 minute at 95°C, 2 minutes at 

50°C I and 3 minutes at 72°C and was then cycletj. 25 

times for 1 minute at 9 5°C' 2 minutes at 60°C; and 3 

minutes at 72°C. Electrophoresis was perf~rmed in 

1.5% agarose gel using some of this PCR product. 

This product was then stained with ethidium bromide 

(Nihon Gene Co., ltd.) and observed .under ultraviolet 

10 rays to c~nfirrn amplification of approxim~tely 400 bp 

cDNA. ~fter. digestion treatment with restriction 

endonucleases BamHI and Xhol, electrophoresis was 

~erformed ·in 1 .. 5% agarose ~el and staining with 

ethidiu~·bromide was carried out.· An approximately 

15 370 bp band was cut out from the gel. This band was 

purified with SuprecOl (Takara Co., Lt~.) and then 

inserted into pGEX-4T-l ·(Pharmacia), -which is a 

· ... commercial v~ctor .. Actually'· vector pGEX-4T-l an<;i. the 

previous.DNA were mixed·together at a molar ratio of 

20 1:3 and DNA was ~nserted into ~~e vecto~ with T4 DNA 

ligase (Invitrogen Co.). Vector pGEX-4T-1 into which 

DNA had been inserted was geneti~ally introduced to 

Escherichia coli One-Shot Competent Cells (Invitrogen 

Co., Ltd.) and then inoculated in a plate of L-broth 

25 (Takara Co., Ltd.) semi-sold culture plate containing 

50 µg/ml ampicillin (Sigma). The plate was then set 

as~de at 37°C for 12 hours and the colonies that grew 
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were s~lected at random and inoculated into 2ml L-

Broth liquid culture medium containing the same 

concentration of ampicillin. Shake cultivation was· 

performed at 37°C .for 8 h~urs and the bacteria was 

5 recovered and the plasm~d was separated using Wizard 

Miniprep in accordance.with the attached literature. 

Jhe plasmid was cleaved with restriction endonuclea~~ 

BamHI/XhoI. Insertion of said PCR product was 

confirmed by cutting out approximately 370 bp DNA. 

10 The base sequence of the· DNA that had been inserted 

was determined using said clone. 

Determ~nation of the base_sequence of the 

inserted.DNA, fragment was performed using the 

Fluorescence Sequencer of Applied Biosystems. The 

15 sequence .sample was p~epared using PRISM, Ready 

Reaction Dye·Terminator Cycle Sequencing Kit (Applied 

Biosystems). First, 9.5 µl reaction stock solution; 

4.0 µl T7 promoter primer at 0.8 pmol/µl (Gibco BRL) 

and 6.5 µl template DNA for Sequencing· at 0.16 µg/µ~ 

20 were added to a microtube with a capacity of 0.5 ml 

and mixed. After superpo~ing w~th 100 µl mineral . 

oil, PCR amplification· was performed for 25 cycles, 

_where one cycle consisted of 30 ·seconds at 96°t, 15 

seconds at 55°C, and 4 minutes at 60°C. The product 

25 was then kept at 4°C for 4 minutes. After the 

reaction was completed, 80 µl sterilized pure water. 

was added and stirred. The product was centrifuged 
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and the aqueous layer was extracted 3 times with 

phenol-chloroform. Ten microliters 3M sodium acetate 

(pH ·5.2) and 300 µl ethanol were added to 100 µl 

aqueous layer and stirred. The product was then 

5 centrifuged for 15 minutes. at room temperature and 

10 

1400 rpm and the sediment was recovered. Once the 

sediment was washed with 75% ethanol~ it was dried 

under a vacuum for 2 minutes ·to obtain the sequencing 

sample. The seq~encing sam·ple was dissolved in 

formamide containing 4 µl 10 mM EDTA and denatured 

for 2 minutes at 90°C. This was then cool~d in ice 

and submitted to sequencing. One of the 5 clones 

obta~ned-had ·hom6logy of the sequence with the probe 

used for·. PCR. In addition, DNA sequences extremely 

15 similar to the gene sequence of ribosomal protein 

L 7 /L12 gene of the other microorganisms'·- for example, 

Haemophilus influenzae, were discovered. The entire 

base sequence and the corresponding amino acid 

sequence of the structural gene moiety are as shown 

20 in Sequence No. 21 and No. 22 of the Sequence Table. 

This gene fragment clearly codes for ribosomal 

prot~in L7/L12 gene of Neisseria gonorrhoeae. 

Neisseria gonorrhoeae fusion GST ribosome protein 

L7/L12 prepared by the same method as in Example 2 . 

25 was obtained using the Neisseria gonorrhoeae fusion 

GST ribosomal protein L7/L12 expression vector 

constructed in this way. 



-------------------------~======~------'------~"-------~------~----- ----

.-

-c·· 

Furthermore, hybridoma strain GCRB-3, which 

produces monoclonal antibody to ribosomal protein 

L7/Ll2 of Neisseria gonorrhoeae, was obtained in 

accordance with the method in Example 3. 

5 Example 8 

Reaction of monoclonal antibody that reacts w~th 

ribosomal protein L7/Ll2 of Neisseria gonorrhoeae 

with Neisseria gonorrhoeae and other microorganism 

Monoclonal antibody was produced and recovered in 

10 accordance with·-standard·methods using the positive 

hybridorna cells GCRB-3 obtained as previously 

described. 

-~BasLc~lly, 5 x 10 6 cells (in PBS) that had been 

-subcultiv~ted using-RPMI 16~0 culture medium 

·15 (containing 10% FCS) were intraperi toneally injected. 

20 

into Balb/C mice ~hat had been ·intrape~itoneally 

injected with O,Srnl Pristane 2 weeks earlier. 

Ascites was recov~red 3 weeks later-and the· 

centrifugati_on supernatan"t:: was obt:-ained. 

The solution containing antibody that was 

obtained was adsorb~d in a Protein A column {5 ml 

bed, ·Pharmacia) and-rinsed with PBS ~t 3-times·the 

bed volu~e- Th~n elution with citrate buffer at a pH 

of 3 was performed. The antibody fraction was 

25 recovered and ~he monoclonal antibody that was 

produced by each hybridoma was .obtained. The 

monoclonal antibody derived from the GCRB-3 hybridoma 
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was used in ELISA. 
. . . 

Th~ sandwich assay method was used to assess the 
. . 

monoclonal antibody. The monoclonal antibody that 

was prepared was used as an enzyme-labeled antibody 

5 by being chemically bound to peroxidase. That is, 

enzyme labeling was performed in accordance with the 

method in "Analytical Biochemistry" 132 ·{1983), 68-73 

with the reagent S-acetylthioacetic·acid N-

hydroxysuccinimide for-binding using hor~eradish 

10 peroxidase {Sigma Grade VI). By means of. the ·ELISA 

reaction,. a solution of commercial anti-Neisseria 

gonorrhoe~e polyclonal antibody in PBS containing 

0.05%. sodi~m ·azide{Virostat, rabbit) ~as _diluted to a 
. . 

·concentration o~ 10 µg/ml and poured,- lbq µ~ at .a 

15 time, into a separate 96-well plate and adsorbed 

overnight at 4°C. 

After removal of the supernatant, 200 µl 1% 

bovine ~erum albumin solutibn {in PBS) were added·and 

reacted for 1 hour ahd blocked at room temperature. 

20 The supernatant w~s remov~d and the produci was 

washed with washing solution {0.02% Tween 20, PBS) 

One-hundred microliters of an~igen solution, which 

had been obtained by_·adding Triton X-100 to culture 

solutions of each species of microorganisms to a 

25 concentration of 0.3% and then extracting the 

solution for 5 minutes at room temperature, were. 

added to this and reacted for 2 hours at room 
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temperature. The supernatant was removed an-d the 

product was further washed with wash~ng solution. 

Then 100 .µl pero~idase-labeled anti-ribosomal protein 

L7/L12 antibody solution at 5 µg/ml were added and 

reacted for 1 hour at room temperature. The 

supernatant was removed a~d the product was washed 

with washing solution. TMB (KPL} solution ~as added, 

100 µl at a time, and reacted for 20 minutes at room 

temper~~ure. After coloration, 100 µl 1 N s~lfuri~. 

C\ 10. acid were added to stop· the reaction. Absorbance at 

450.nm was 9etermined. 

·As a ~esult, a~ shown in Table 3 it is clear that 

when monoclonal ~ntibody d~rived from hybridoma GCRB-

3· was used as the enzyme~labeled aritibody, all 

15 strains of Neisseria gonorrhoeae tested were detected 

at a sensitivity of 10 6 cells/ml~ while ~~activity of 

20 

other species belonging to the genus Neisseria .and 

other microorganisms could not be detected, even at 

high concentr~t~ons of lO~cells/ml and therefore, 

antibody with specific reactivity to Neisseria 
. . 

gonorrhoeae·can be obtained by using monoclonal 

antibody to ribosomal protein L7/Ll2. 

1iii~r 
62 



• 

~­
\0~ 

r:. 
\.:.: . 

5 

Table 3 

Results of Detection 
(10 6 cells/ml) 

Neisseria gonorrhoeae ATCC9793 + 
Neisseria gonorrhoeae ATCC19424 + 
Neisseria gonorrhoeae ATCC27628 + 
Neisseria gonorrhoeae ATCC27629 + 
Neisseria gonorrhoeae ATCC27630 + 
Neisseria gonorrhoeae ATCC27631 + 
Neisseria gonorrhoeae A,TCC27632 + 
Neisseria gonorrhoeae ATCC27633 + 
Neisseria gonorrhoeae ATCC35541 ...L 

I .. 
Neisseria gonorrhoeae ATCC35542 + 
Neisseria·gonorrhoeae ATCC43069 + 
Neisseria gonorrhoeae ATCC43070 + 
Neisseria gonorrhoep.e ATCC49226 + 

Results of Detection 
·- (10 8 ·cells/ml) 

.Neisseri~ meningi ti-dis ATCC13090 -
Nei.sseria lactamica ATCC30011 -
Neisse·ri.a mucosa ATCC35611 -
Neisseria sicca .ATCC9.913 -

Branhamel.la ca tarrhar.is ATCC25240 -
Haemophilus influenzae ATCC10211 
Escherichia· coli ATCC25922 -
Klebsiella pneumoniae ATCC13883 -

(+: Positive; -· Negative) 

Example 9 

Acquisition of monoclonal antibody to anti-ribosomal 

protein L7/Ll2 specific to genus Neisseria 

After inoculating an appropriate amount of 

10 Neisseria gonorrhoeae strain IID821 (obtained from 

Tokyo University School ~f Medicine Laboratories) in 
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a chocolate agar culture mediu~J the strain was 

cultivated for 24 hours in a C0 2 incubator under 

conditions of 37°C and·0.5% C02. The colonies that 

grew were suspe~ded in a TE buffer to a final 

5 concentration of approximately 5 x 109 CFU/ml. 

~pproxima~ely 1.5 ml of thi~ suspension wa~ 

transferred to a microcentrifugation tube and 

centrifuged for 2 minutes at 10,000 rpm. The 

supernatant was discarded. The -sediment was 

10 resuspended in 567 µl TE.buffer. Then 30 µl 10% SDS 

and 3 µ1_20 mg/ml Proteinase K _solution· were added 

arid thoroug·h:_ly mixed. The suspension was incubated 

for·another hour at 37°C. Next, aftei adding 80 µl 

10% cetyl .trime.thyl ammonium bromide/0.7 M NaCl 

15 solution and thoroughly mixing the product, it was 

incubated for i"o minutes at 65°C. Next,, 700 µl 

chlorof6rm-isoamyl alcohol solution at a volume ratio 

of 24/1 was added and stirred well. 

The solution ~as centrif~ged fo_r 5 minutes (while 

20 b~ing.kept at 4°C) at 12,000 rpm ~sing a 
~ . . . 

microcentrifugation device and the aqueous fraction 

was transferred to a new rnicrotube. Isopropanol was 

added to the fraction at 0.6-times its volume and the 

tube was yigorously shaken to form sediment of the 

25 DNA. The white DNA sediment was scooped with a glass 

rod and transferred to a different 

microcentrifugation tube containing 1 ml 70% ethanol 
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{cooled to -20°C) 

Next, the product was centrifuged for 5 minutes 

at 10,000 rpm and the supernatant was gently removed. 

Then another 1 ml 70% ethanol was added and the 

product was centrifuged for 5 more minutes. Once the 

~upernatant had been re~ove~, the sediment was 

dissolved in 109 µl TE buffer to obtain the DNA 

solution~ The_concentration of the genomic DNA 

solution was determined quantit~tively in accordance 

10 with ES: Sectrophotometric determination ·of the 

amount of DNA or RNA, "Molecul~r cloning: A· 

l~boratory m~nual," 1989, Eds. Sambrook, J., Pritsch, 

T· · E.F., and Maniati~, T., Cold Spring Harbor Laboratory 

15 

Press. 

PCR was performed using ·10 ng of this genomic DNA.· 

Taq polymerase (Takara.Co., Ltd., code,ROOlA) was 

employed for PCR. Then, 5 µl buffer attached to 

enzyme,_ 4 µl dNTP mixture attached t~ enzyme, and 200 

pmol each of synthetic oligortucleo~ide E·shown in 

20 Sequence ·No. 15 of the Sequence Table and synthetic 

oligonucleotide F shown in Sequence No. 16 of the 

Sequence Table, which were designed based. on _the 

ribosomal protein Ll2/Ll2 DNA sequence of Neisseria 

gonorrhoeae acquired from Internet information 

~ (Oklahoma University, N. Gonorrhoeae Genome Project, 

disclosed genome DNA data) because of the similarity 

with ribosomal protein Ll2/Ll2 DNA sequence of other 
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bacteria, were added to the enzyme to bring the final 

volume to 50 µl. 

This mixture was cycled 5 times with a TaKaRa PCR 

Thermal Cycler 480 for 1 minute at 95°C, 2 minutes at 

5 50°C, and 3 minutes at 72°C and was then cycled 25 

times for 1 minute.at 95°C, 2·minutes at 60°C, and 3 

10 

minutes at 72°C. Electrophoresis -was performed in 

1.5% agarose gel using some of this PCR product. 

This product was then stained with ethidium bromide 

(Nihon- Gene Co., ltd~) and observed under -ultraviolet 

rays to confirm amplification of approximately 400 bp 

cDNA. After digestion treatment with- restriction 

endonucleases BamHI a~d ~hol, ·electrophoresis ~as 

p~rfqrmed in l.5%·agarose gel and staining with 

15 ethidium bromide was carried out. An approximately 

20 

370 bp band was cut out from the gel. ~his band was 

purif~ed with Suprec01 (Takara Co., Ltd.) arid then 

inserted into pGEX-6P-l (Pharmacia) , which is a 
. . ~~ 

commercial vector. This same vector can function-as 

an expression vector for the desired molecule, which 
. . 

can express fused protein with GST protein, by 

insertion ~f the desired gene fragment into the 

appropriate restriction endonuclease site. Actually, 

vector pGEX-6P-l and the previous D~A were mixed · 

~ together at a molar ratio of 1:5 and DNA was inserted 

into the vector with T4 DNA ligase (Invitrog•n Co.)·. 

Vector pGEX-6P-l into which DNA had been inserted was 
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genetically introduced to Escherichia coli One-Shot 

Competent Cells ·(rnvitrogen Co., Ltd.) and then 

inoculated in a plate of L-broth (Tornisaka Co., ltd.) 

semi-sold culture plate containing 50 µg/ml 

·. 5 ampicillin (Sigma) . The plate was then set aside at 

37°C for 12 hours and the colo~ies that gr~w were 

selected at random and inoculated into 2ml L-Broth 

liquid culture medium containing the same 

concentration of ampicillin. Shake cultivation was 

C' 10 performe~ at 37°C for. 8 hours and the bacteria was 

recovered and the plasmid was ~epaiated using W~zard 

Miniprep in accordance with the attached literature. 

·The pl~smid was cleaved with restriction endonuclease 

BamHI/XhoI. Insertion of said PCR product wa$ 

c.·. 

15 confirmed by cutting out approximately 370 bp DNA. 

The base sequence of the DNA that· had beeri inserted 

was determined using said clone. 

Determination of the base sequence of the 

inserted DNA fragment was perform~d usin~ the 

20 Fluorescence Sequencer of Applied Biosystems. The 

sequence sample was prepared using PRISM, Ready 

Reaction Dye Terminator Cycle Sequencing Kit (Applied 

Biosystems). First, 9.5 µl re~ction ·stock solution, 

4.0 µl T7 promoter primer at 0.8 pmol/µl (Gibe~ BRL) 

25 and 6.5 µl template DNA for sequencing at 0.16 µg/µl 

were added to a microtube with a capacity of 0.5 ml 

and mixed. After superposing with 100 µl mineral oil, 
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PCR amplification was ~erformed for 25 cycles, where 

one.cycle consisted of 30 seconds at 96°C, 15. seconds 

at 55°C, and 4 minutes at 60°C. The product was then 

kept at 4°C for 4 minutes. After the reaction was 

s completed, 80 µl st~rilized pure w~ter was added and 

·stirred. The product was centrifuged and ~he aqueous 
. . 

layer was extracted 3 times with phenol-chloroform. 

Ten microliters 3M sodium acetate (pH 5.2) and 300 .µl 

ethanol were a,dded to 100 µl the a.queous layer and 

10 stirred. The product was then centrifuged for 15 

minutes at room temperature an~ 1400 rpm and the 

sediment was recovered. Once the .sediment was washed 

with 75~~ethanol, it was dried under a vacuum for 2 

minutes to obtain the sequencing sampl_e. The 

15 sequencing sample was dissolved in formamide 

containing 4 µl 10 mM EDTA and denatur~d for 2 

minutes at 90°C. This was then cooled in ice and 

submitted to sequencing. 

One of the 4 clones obtained had homology of the 

. 20 sequence with the pro~e used for PCR . In addition, 

DNA sequences extremely similar to the gene sequence 

of ribosomal protein L7/Ll2 gene of the other 

microorganisms, for example, Haemophilus influenzae, 

were discovered. The entire base sequence and the 

25 corresponding amino acid sequence of the structural 

.gene moiety are ~s shown in ·sequence ID No. 21 and No. 

22 ·of the Sequence Table. This gene fragment clearly 
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codes for Neisseria gonorrhoeae ribosomal protein 

L7/Ll2. 

50 ml Escherichia coli into which expression 

vector had been inserted was cultivated overnight in 

a ·two-fold concentration YT medium at·37°C. Then, 

450ml of the two-fold concentration YT medium was . . . 

heated at 37°C for 1 hour. 50 ml of the Escherichia 

coli solution that had been cultivated overnight was 

introduced to 450ml of the aforementioned ·medium. 

After cultivation_ for one hour at 37°C, 10·0 µl 500 rnM 

IPTG was. introduced and cultivated for 4 hours at 

2"5°C. The product was t~en- recovered and introduc~d 

250 ml to a centrifugation tube arid centrifuged for 

.20 minutes at 5000 rpm. The supernatant.was dis6arded 

15 and dissolved in 25 ml e~ch 50 mM Tris-HCl at a. pH of 

7.4 and Lysis b~ffer containing 25% sucrose. 

Furthermore, 1.2~ ml 10% NP-40 and 125 ~1- 1 M 

·MgCl2 were added and transferred to a pl~stic tub~. 

Sonication was peifarmed 1 minute x 5 times while ice 

20 cold. ~he product wa~ centrifuged fo~ 15 minutes at 

12,000 rpm and the supernatant was re~overed. 

Next, the aforementioned supernatant was adsorbed 

on a glutathione sepharose column (manufactured by 

Pharmacia) conditioned with PBS. Then, the column ~as 

25 washed with PBS three times the bed volume. Elution 

was performed with 50 -mM Tris-HCl at a pH of 8. 0 

containing 10 mM gluta~hione. The protein content in 
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the fraction was determined by_ the pigment bonding 

method (Bradford method; Biorad Co.) and the main 

fraction was acquired. The main fraction was 

dialyzed three times against 3L PBS. 

5 1 ml of a cleavage buff~r containing 500 mM Tris-

HCl (pH 7.0), 1.5 M NaCl, 10 mM EbTA, and 10 mM DTT 

was added to 10 ml of 1 mg/ml solution of the 

resu~ting G~T fusion ribosomal protein L7/Ll2. 100 

µi of 2 u/µl PreScissibn Protease (manufactured by 

(-7, 10 Pharmacia company) was further added and reacted ~t 

4°C to ~eparate the GST moiety from ribosomal protein 

C. 

L7/Ll2. 

The .reaction solution was caused to pass through 

a glutathione sepharose column which h~d been 

15 conditioned with PBS~ The solution c~ming out from 

the column was recovered. Onebed vblum~ of PBS was 

caused to pass through and also re~over~d. Purity of 

the purified ribosomal protein L7/Ll2 that was 

. 20 

obtained was confirmed by electrophoresis to be 

approx_imately 90%, showing that a pu-rity satisfactory 

for an immunogen could be guaranteed. 

Yi~st, 100 µg prote~n antigen of ribosomal 

protein L7/Ll2 of Neisseria gonorrhoeae was dissolved 

in 200 µ1 PBS and.then 200 µl Freund's complete 

25 adjuvant was added and mixed and emulsification was 

performed. 200 µl was intraper~toneally injected to 

immunize mice. Then, the same emulsion antigen was 
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intraperitoneally injected after 2 w~e~s, after 4 

weeks, and after 6 weeks. A two-f6ld concentration 

antigen emulsion was further injected 

intraperitoneally after 10 weeks.and after 14 weeks. 

5 The spleen was excised 3 days after the final 

immunization and submitted to celi fusion. 

10 

After thoroughly mi·xing 2 x 10 7 myeloma c·el.ls per 

10 8 spleen cells from mice, which had been recovered 

.aseptically, in a glass tube, the mixture was 

centrifuged.for 5 minutes at 1500 rpm and the 

supernatant was discarded. The cells were thoroughly 

mixed. 

The myelom~ cells ·used for cell fusion were 

~btained·by cultivation of cell strain NS-1 with an 

15. RPMI 1640 culture medium containing 10% FCS, 

cultivating this product beginning 2 w~eks before 

cell fusion using an RPMI 1640 medium containing 0.13 

mM. azaguanine, 0. 5 µg/ml MC-:210, and 10% FCS for 1 

weeks,· and then further cultivating the cell strain 

W for 1 week with an RPMI 1640 medium containing 10% 

FCS. 30 ml of 50 ml RPMI 1640 culture madium that had 

been kept at 37°C was added to the mixed cell sample 

and centrifuged at 1,500 rpm. After removal of the 

supernatant, 1 ml 50% polyethylene glycol that had 

25 been kept at 37°C was added and stirred for 2 minute. 

10 ml RPMI 1640 medium kept at 37°C was added and the 

so~ution was vigorously mixed for approximately 5 
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minutes as it was suctioned and evacuated from a 

sterile pipette. 

After centrifugation for 5 minutes at 1,000 rpm 

and removal of the supernatant, 30 ml HAT culture 

5 medium were added to bring the cell concentration to 

S x 1~ 6 cells/ml. This mixture was ~tir~ed till 

uniform and then poured, O,lml at a time, into a 96-

well culture plate and cultivated at 37°C under 7% C0 2 • 

HAT medium was added, 0.1 ~l at a time, on Day 1 and 

10 at Week 1 and Week 2. 

Theri the cells that had produced the desired· 

~htibo~y.were·~ssessed by·ELISA. Solutions of . · 

ribosomal protein L7/LL2 of Neisseria gonorrhoeae 
' .. 

dissolved in PBS containing O. 05% sodium azide wer.e 

15· dil"uted-to 10 µg/ml ·and .w~re poured, 100 µl at a time, 

into .separate 96-well plates and adsorbed overnight 

at-~°C. After r~rnoval of the supernatant, 200 µl 1%. 

FCS solution (in PBS) were added and reacted and 

blocked for 1 hour at room t~mperature. The 

20 supernatant was .removed and the product was washed 

with a washing solution (0.02% Tween 20, PBS)~ 100 

µl of a culture solution of fusion cells was added 

and reacted for two hours at room temperature. The 

supernatant was removed and the product was further 

25 washed with a washing solution. Then, 100 µl of a . 

peroxidase-labeled goat anti-mouse antibody solution 

at ·s ng/ml was added and reacted for one hour at room 
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temperature. The supernatant was removed and the 

product was washed with a washing solution. TMB 

(KPL) solution· was added, 100 µl at a time, and 

reacted for 20 minutes at room temperature. After 

5 coloration, 100 µl 1 N sulfuric acid were added to 

10 

stop the reaction. Absorbance at 450 nm was 

dete'rmined. 

As a result, positive wells that reacted with 

ribosomal protein L7/Ll2 were detected, cqnfirming 

prese·nce of the antibody· to. ribosomal protein L 7 /Ll2. 

Therefore, the cells in the posi~ive wells were 

recovered and cultivated with HAT ·medi.um in a 24-well 

pl~stic plate. The fused-medium that h~d been 

cultivated was diluted with an HT med1j.lm to a cell. 

15 count. of apprC?ximately 20 c~l"ls/ml. Then 50 µ-1 the 

medium was mixed with 10 6 six-week-oi'_Ci .. mouse thyroid 

cells suspended_ in the HT medium in ~-~6-well culture 

20 

plate. The cells were cultivated fot·2 weeks at 37°C 

under the conditions of 7% COi. Th~ a~~ibody activity 
'."':'· 

-· 
in the culture supernatant was deter~·rned by the 

··! •• 

·' ~-
aforementioned ELISA meth~d and the ~~l~s that showed 

a positive reaction with ribosomal p~o~ein L7/Ll2 

were recovered. 

Furthermore, the same dilution and cloning 

25 procedure was repeated to obtain a total of 4 clones 

of hybridorna AMGC-5 to AMGC-8. 

Monoclonal antibody was produced and recovered in 
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accordance with standard methods using the positive 

hybridoma cells obtained as previously described. 

Specifically, cells subcultivated in RPMI 1640 

med i u_m ( containing 1 0 % F CS ) was di 1 u t e d with a serum-

5 free medium to about 2xl0 5 cells/ml, 3.3xl0 5 cells/ml, 

and 5xl0 5 cells/ml in 25cm2 culture fiask, ~nd the 

total was made 5 ml. After cells were grown for 3 to 

5 days in 7% C0 2 at 37°C, a flask which contains the 

10 

least number of original cells was selected among 
-

flasks in which cells were grown. The same procedure 

was repeated uritil th.e .cells d~luted to 2xl0 5 

c~ilsf~l g~ow to 2xl0 6 cells/ml in 3 to 4· days, 

·thereby acclimatizing the cells with the serum-free 

.medium. ·Next,· cloning was performed in~ 96-well 

15 plate for bacteria cultivati6n to select cells 

exhibiting fastest growth and a highest antibody 

The selected cells we~e .grown in a 24-well 

plate and diluted with a serum-free medium in a 25 

cm 2 culture flask to a co~centration ot about ·2xl0 5 

20 cells/ml and the total volume was made 10 ml. After 

25 

incubation for 3 to 4 days in 7% C0 2 at 37°C to a 

concentration of lx10 6 cells/ml, the culture broth 

was transferred to a bottle for mass cultivation 

together with 100 ml of lx10 6 cells/ml cells which 

were grown in the same manner in a 75 cm 2 flask. 100 

ml of a serum-free medium was added to the mixture, 

which was incubated at 37°C for.two days while 



------------------------~======-~-----' ·-~~--- -·--··· 

0._. 
1...:..-::: 

c 

stirring. 200 ml of t~e serum-free medium was added 

again and the mixture was incubated for a further two 

days. The culture broth was divided into four 

aliquot, the serum-free medium was added to each 

5 portion, followed by incubation. for two days. After 

further addition of 400 ml ~f the serum-fr~e medium, 

the culture broth was incubated for 6 days. The 

10 

culture broth was collected and centrifuged at 10,000 

rpm _for-15 minutest~ obtain a culture supernatant 

including the target antibody. After the ·addition of 

0.1% sodium azide, the culture supernatant was .stored 

~t 4°C. 100 ml of the solution containing the 

antibody-that was obtained·was diluted to a 5-fold 

with PBS· and adsorbed in a protein G column (5.ml_bed, 

15 Ph~rmaciaj arid rinsed with P~S at 3-times the bed 

20 

volume. Then elution with citrate buffer at a pH of 

3 was_performed. The antibody fraction was recovered 

and monoclonal antibody that produced ~ach hybridoma 

was obtain-ed. 

The monoclonaL antibodies 6riginating from the 

four hybridoma· strains were evaluated according to 

the OIA method desciibed in International Patent 
. . 

Application Japanese Laid-open No. 509565/1995. 

Specifically, the OIA method comprises preparing 

25 a reactive substrate by reacting an antibody for 

capture on a silicon wafer having a thin film layer 

of ·silic~n nitride, causing this substrate to react 
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with an antigen which is an ·extract of microorganisms 

for a prescribed period of time, causing the captured 

antigen to react with an antibody (an amplification 

reagent) which is an enzyme-labeled antibody, and 

5 finally adding a substrate solution to produce a 

thin-film precipitate. The ant~gen-aniibo~y reaction 

can be judged visually by a degree of light 

interference color produced in the precipitate. 

The monoclonal antibody preparation was used as a 

10. capture antibody to be immobilized on. a silicon wafer 

·having a silicon· nitride thin.film layer in·the OIA 

method. Moreov·er, peroxidase-labeled AMGC-1 

monoclonal antib6dy which can non-sp~cifically react: 

, ·· with rib.osoma.l · pr_oteins L7 /Ll2 protein of a variety 

r:-· 
\:._ ... 

15 of microorganis~s described in- Reference.Example was 

used as the detecte reagent antibody. That is; 

enzyme labeling was p~rformed in accordance with the 

method in "Analytical Biochemistry" 132 (1983), 68-73 

with ~he reagent s~acetylthioacetic acid N-

W .hydroxysuccinimide for binding using horseradish 

peroxidase (Sigma Grade VI). 

In the OIA reaction, monoclonal antibody in a PBS 

containing 0.05%.sodium azide was diluted with 0.1.M 

HEPES (pH 8.0) to a concentration of 10 µg/ml and 

25 added onto a silicone wafer which has a thin film 

layer of silicon nitride, 50 µl at_a time, to react 

for 30 minutes at.room temperature, followed by 



:;;· 

washing with distilled water and use. 15 µl of 

antigen solution, which had been obtained by adding 

0.5% Triton X-100 to culture suspension ~f various 

species of microorganisms and then extracting the 

5 suspension for 5 minutes at room temperature, ·was 

added ~o the specimen obtained in the a6ov~-described 

procedure and reacted for lQ ~inutes at room 

temperature. Then, 15 µl. of 20 µg/ml peroxidase-

labeled AMGCl was added and reacted for 10 minutes. 

(~' 10 After washing with distill·ed water, a substrate 

solution (KPL Co.) was added, ~5 µlat a time, and 

reacted for 5.minutes at room temperature. The 

product was wa~hed with dist~lled water to judge the 

c6ncentration of detection signaLs as an intensity of 

15 light interference by. necked eyes. 

As a result, as shown in Table 4 it is clear that 

~hen monoclonal antibody derived from hybridoma AMGC-

8 was used as the capture antibody, all strains of 

Neisseria genus tested were detected it a sensitivity 

2o of 10 8 cells/ml, while reactivity of other 

25 

micro.organisms could not be detected. Thus, the 

antibody with specific reactivity to Neiss~ria genus 

was confirmed to have b~en obtained'by using the 

monoclonal .antibody to ribosomal protein L7/Ll2. 
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Table 4 

Neisseria gonorrhoeae 
Neisseria lactamica 
Neisseria meningitidis 

Escherichia coli 
Enterococcus faecalis 
Haemophilus influenzae 
Klebsiell~ pneumoniae 
Pseudomonas aeruginosa 
GroupB streptococcus 
Stauphylococcus aureus 
Streptoc6ccu~ pneumoniae 
Streptococcus _pyogenes 

(T: ·_Positive_;-· Negative) 

Results of Detection 
(10 8 cells/ml) 

IID821 + 
ATCC23970 + 
ATCC13090 + 

ATCC25922 
ATCC19433 
ATCC10211 

·ATCC13883 
ATCC2 7-953 
ATCC12386 
ATCC25923 
ATCC27336 
ATCC19615 

- _ 5 ·.·Example· 10 

10 

A~quisition of ~ polyclonal antibody which 

~pecifically reacts with ribosomal protein L7/L12 of 

Haemophilus influenzae using a ribosomal protein 

L7/Ll2protein-immobilized affinity column 

A centrifugal supernatan~ of Haemophilus 

influe~zae cell extract which had been treated ~ith 

· 0.5%--Triton X-100 was used as an antigen. About 1.2 

ml of a physiological. saline solution containing 10 0 

µg of antigen was emulsified with the addition of 1.5 

15 ml of Freund's adjuvant. The emulsion was 

subcutaneously injected into four SPF Japanese White 

Rabbits to immunize the animals. The rabbits were 

immunized 5 to 6 times, once every two_ weeks, and the 

antibody tit~r was confirmed. 
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The antibody titer was confirmed by the ELISA 

method. Solutions of ribosomal protein L7(L12 of 

Haemophilus influen~ae dissolved in PBS containing 

0.05% sodium azide diluted to 10 µg/ml were poured, 

5 100 µl at a time, into 96-well plates and ad~orbed 

overnight at 4°C. After removal of the supernatant, 

200 µl 1% FCS solution (in· PBS) were added ·and 

reacted and blocked for 1 hour at room temperature. 

The sup~rnatant was removed and the product was 

10 washed with a washing solution· (0.02% Tween 20, PBS) . 

.100 µl of a soluti?n obtained ~Y diluting normal 

rabbit serum and immunized rabbit antiserum was added 

15 

20 

25 

and reacted for two hou~s at room temperature. The 

·supernatant was removed· and the product was further 

washed with a washing solution. · Th~n, 100 µl of a 

peroxidase-labeled go~t anti-rabbit IgG antibody_ 

solution at 50 ng/ml was added and reacted·for one 

hour at room temperature. The supernatant was 

removed and the prQduct was ~ashed with a washing 

solution. OPD solution (Sigma Co.) was added, 100 µl 

at a time, and reacted ior 20.minutes at ioom 

temperature. After coloration, 100 µl of 1 N 

sulfuric acid was added to stop _the reaction. 

Absorbance at 492 nm was determined. 

After confirming that the antibody titer had 

increased, a large quantity of blood was c~llecte~. 

Blbod was collected in a centrifugal· tube made of 
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glass from the ear artery, allowed to stand for one 

hour at 37°C, then overnight at 4°C. The mixture was 

centrifuged at 3000 rpm for 5 minutes and the 

supernatant was recovered. The resulting anti-serum· 

5 was stored at 4°C. 

Next, an affinity column with immo~ili~ed 

ribosomal protein L7/L12 of Haemophilus influenzae 

and Neisseria gonorrhoeae was prepared. HiTrap NHS-. . 

activated column (1 ml, manu~actured by Pharmacia) 

(~ 10 was used. Immediately· after replacing the column 

with 6 ml of 1 mM· HCl, 1 ml of a PBS solution of 
. ·~· . . . ... . . 

ribosomal protein L7/L12 adjusted to 1 ·mg/ml was 

·charged_ .. The· column. was allowed to stand for 15 
. :. : . . -· .. 

· ·· .. :·. minutes at -25°C. This procedure. was repeated 5 times; 

l .. · 

·15 _thereby feeding the total 5 ml of the PBS solution of 

20 

ribosomal protein L7/Ll2. Then, 6_.ml of Buffer A· 

(0.SM ethanolamine, 0.5 M NaCl, pH 8.3), 6 ml of 

Buffer-B (0.1 M acetic acid, 0.5M NaCl, pH 4), and 6 

ml of Buff er A were cha.rg~d. as blocking reagent_s. 
-

After allowing to stand for 1.5 minutes at· .25°C, 6 ml 
·-of Buffer B, .6 ml of Buff er A, and 6 m·1 of Buff er B 

were further added. The mixture was then 

equi·librated with 6 ml of PBS. 

Using the affinity column with immobilized 

25 ribosomal protein L7/Ll2 of Haemophilus influenzae, 

the polyclonal antibody _in the resulting ·ahti-serum· 

was· purified using the supernatant of Triton X-100 



treated.bacteria of Hae~ophilus influenzae as an 

antigeh. This antiserum was first diluted with PBS to 

···a volume of 5 -times, caused to pass through a 0. 45 µrn 

filter, then caused to be adsorbed in the column 

5 immobilized with ribosomal protein L7/L12 of 

Haemophilus influenzae at a flow rate of 0.5 ml/min. 

After elution from the column with 0.1 M glycine (pH 

2.1) and immediately neutralizing with 1 M ·Tris-HCl 

(pH 9.0) ;-eluted fractions of the target antibody 

er.:- 10 were recovered by· the ELI SA method I the same as anti-

( ~· 
\" .. 
"-·. 

ti ter measur~ng method. These fractions were caused 

to pass through the affinity column immobilized with. 

the ribo$omal ~rotein L7/L12 of Neisseria 

goriorrhoeae, which ~~s equilibrated with PBS whereby 

15 th~ antibody that reacts with the ribosomal proteiri 

L7/Li2 of Neisseria gonorrhoeae was ad~orbed and 

fraction which· passed through· without adsorption was 

recovered. 

The po~yclonal antibddy ptir~fied in this manner 

20 was ev·aluated by the same OIA method as in Example 6. 

The purified antibody was used as a capture 

.antibody for the OIA method. Moreover, peroxidase-

labeled AMGC-1 monoclonal antibody d~scribed in 

Reference Example was used as the detect antibody. 

25 That is, enzyme labeling was performed in accordance 

with the method in "Analytical Biochemistry" 132 

(19B3), 68-73 with the reagent S-acetylthioacetic 
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acid N-hydroxysuccinimide for binding using 

horseradish peroxidase (Sigma Grade VI). 

In the QIA reaction, the purified polyclonal 

antibody in a PBS containing 0.05% sodium azide was 

5 diluted with 0.1 M HEPES (pH 8.0) to a concentration 

·of 10 µg/ml and added onto a silicone wafe~, 50 µl at 

a time, to react foi 30 minutes at room temperature, 

followed by wash~ng with distilled water and use. 

15 µl of antigen solution, which had been 

C'. 10· obtained by adding 0. 5% Tri ton X-100 to culture 

sus~ension,of various species of microorganisms and 

then extracting the suspension for 5 minutes.at room 
. . 
temperature, was added ·.to the specimen obtained in 

the above-described procedure and reacted for 10 

15 minutes at room tempe~ature. Then, 15 µl ~f 20 µg/ml 

peroxidase-labeled AMGCl was added and,re~cted for 10 

~inutes. After washing wit~ distilled water, ·a 

substrate solution (KPL) was added, 15 µl at a time, 

and reacted for 5 minutes ·at ·room temperature. The 

c~ 20 product- was washed with distilled water to observe 

the.blue color concentratiori by the necked eyes. 

As a result, as shown in Table 5 it is clear that 

when the purified polyclonal antibpdy of APHI2-2 was 

used as the capture antibody, Haemophilus influenzae 

~ tested at a sensitivity of_ 10 8 bac~eria/ml was 

detected, while reactivity of other microorganisms 

could not be detected. Th~s, the antibody with 
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specific reactivity to Haemopbilus influenzae_was 

confirmed to have been obtained by using the 

-polyclonal antibody pu~ified by_an affinity column 

immobilized with the ribosomal protein L7/L12 of 

p Haemophilus influenzae. 

iiii~i~ied 
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Haemophilus influenzae 

Escherichia coli 
Enterococcus faecalis 
Klebsiella pneumoniae 
Neisseria gonorrhoeae 
Neis~eria lactamica 
Neisseria meningitidis 
Pseudomonas aeruginosa 
GroupB Streptococcus 
Stauphylococcus aureus 
Streptococcus pneumoniae 
Streptoco.cc.u.s pyogenes 

Results of Detection 
(i0 8 cells/ml) . 

ATCC10211 + 

ATCC25922 
ATCC19433 
ATCC13883 
IID821 
ATCC23970 
ATCC13090 
ATCC27853 
ATCC12386 
ATCC25923 
ATCC27336 
ATC~l9·615 

....... :·:·· ·:·c+·:. Positive; -:··Negative) 
.. : ... 

[":~. 
~~-

5 

10 

Re~erence Example l] 

Acquisition of monoclonal aritibody that· reacts non­

specifically with ribosomal protein L7/Ll2 of various 

bacteria 

So called sandwich·assay· in which an antigen is 

sandwiched between a capture antibody and a labeled 

antibody for detection is useful to detect 

microorganisms by optical immunoassay and the ELISA 

method because of its high detection sensitivity. in 

15 this instance, not only an antibody which 

specifically _reacts with antigens originating from 

the subject microorganism, but also another antibody 

wh~ch recognizes an antigen epitope are required. 
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Antibodies which react non-specifically with 

ribosomal protein L7/L12 originating various 

microorganisms are very useful as an antibody which 

can constitute a sandwich assay with an antibody. 

5 which reacts ~ith ~~ecifically ribosomal protein 

L7/L12. 

Fortunately, ribosomal proteins L7/Ll2 protein of 

. 10 

a variety of microorganisms have ·a region wherein the 

amino.acid sequence is homologous. Here, the 

inventors have been successful in acquiring a 

monoclonal antibody w~ich exhi~its a cross reaction 

wi~h riboso~al proteins L7/Ll2 protein of various 

species of ·mi~roor~anisms from Neisseria gonorrh6e~e . 
. ' . . 

It h~s be~n discovered that an antibody to anti-
. . 

15 ribosomal protei~ L7/L12 having no speGif~city, which 

was ·acquired from one sp~cies of microorganisms can 

be used for sandwich assay of all microorganisms. 

Cl~ning of ribosomal protein L7/Ll2 genes from 

Neisseria gonorrhoeae, mass expression in.Escherichia 

20 coli and purification of the same protein,_ and 

preparation of monoclonal antibody to the same 

protein were performed. 

After inoculatLng an_.appropriate amount of 

Neisseria gonorrhoeae strain IID821 {obtained from 

25 Tokyo University School of Medicine Laboratories) in 

a chocolate agar culture medium, the strain-was 

cultivated for 24 hours in a C0 2 incubator under 
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conditions of 37°C and 0.5% C02 • The colonies that 

grew were suspended in a TE buff er to a final 

~oncentration of approximately 5 x 109 CFU/ml. 

Approximately 1.5 ml of this suspension was 

5 transferred to a microcentrifugation tube and 

10 

~entrifuged foi 2-minutes at 10,000 rpm. The 

supernatant was discarded. The sediment was 

re~uspended in 567 µl TE buffer. Then 30 µl 10% SDS 

and 3 µl 20 mg/ml Proteinase K solution were added 

and thoroughly mixed. · The suspension ~as ·intuba~ed 

for another hour at 37°C. Nex:t_, a-fter -adding ·80 µl 

10%· .. cetyl trimethyl arrimo_nium bromide/O. 7 M NaCl 

solution· and thoroughl~ mixing.the product, i~ was 

·1ncub~ied for 10 ·minutes·at 65°C. Next, 700 ~l. 

. 15 chloroform-isoamyl alcohol solution at a volume ratio 

of -24/1 was added and stirred weli. The solution was 

centrifuged for 5 minutes (while· being kept at· 4°C) ·. 

·.at 12,000 rpm using a microcentrifu~ation device and 

the aqueous fraction was trarisf erred to a new 

20 microtube. Isopr~panol was added to tha fractio~ at 

0.6-times its ~olume and the tube was vigorously 

shaken to form sediment of-the DNA. The white DNA 

sediment.was scooped w~th a glass rod and transferred 

to a different microcentrifugation tube cdnt~ining 1 

25 ml 70% ethanol (coo1ed to -20°C). 

Next, the product·was centrifuged for 5 minutes 

at 10,000 rpm and the supernatant was gently removed. 
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Then another 1 ml 70% ethanol was added and_the 
•.... ~ .. 

product was centrifuged for 5 more minutes. Once the 

~upernatant had been removed, the sediment was 

dissolved in 100 µl TE buffer to obtain th~ DNA 

5 solution. The concentration of the genomic DNA 

~elution was determined quantitatively in accorda~ce 

with ES: Sectrophotometric determination of the 

amount of DNA or RNA, "Molecular cloning: A 

lab-0ratory manual," 1989,_ Eds. Sambrook, J., Fritsch, 

10 E.F., ·and Maniatis, ·T. ,·Cold Spri~g Harbor Laboratory 

Press. 

PCR was.performed using 10 ng of this genomic 

DNA,· Taq polymeras~ {Takara Co., Ltd., tod~ ·aoOlA) 

was· .e~ployed for PCR. Then, 5 µl of a buffer 

·15 attached to enzyme,· 4 µl of dNTP mixture attached to 

20 

enzyme, and 200 pmol of each of ~ynthetic 

oligonucleotide E shown· in Sequence No. 15 of the 

Sequence Table and synthetic oligonucleotide F shown 

in Sequence N6. ·16 of the Setjuence Table, which were 

~esigned based on _the ribosomal protein L7/Ll2 DNA 

sequence of Neisseria gonorrhoeae acquired f~om 

Internet information {Oklahoma University, N. 

Gonorrboeae Genome P~oject, disclosed genomic DNA 

data) becau~e 6f the similarity ~ith ribosomal 
. . 

25 protein L7/Ll2 DN~ sequence of other bacteria, were 

added to the enzyme to bring the final volume to 50 

µ1.· 
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This mixture was cycled 5 times with a TaKaRa PCR 

Thermal Cycler 480 for 1 minute at 95°C, 2 minutes at 

-5 0 °C, and 3 minutes at 72°C and was then cycled 25 

ti.mes for 1 minute at 95°C, 2 minutes at 60°C I and 3 

5 min~tes at 72°C. Electrophoresis was performed in 
.. 

1.5% agarose gel using some of this PCR pr~duct. 

This product was then stained with ethidium bromide 

(Nihon Gene Co., ltd.) and observed under ultraviolet 

rays to conf~rm ampli£ication of approximately 400 bp 

C:., 10. cDNA. After digestion treatment with restriction 

.. ~.: 

... · ... 

r· 
\~.-

endonucleases B~rnHI and Xhol, ~lectrophoresis was 

· .p~iformed·in 1.5% a~a~os~ gel and staining ~ith 

-·ethidiurn,brornide was carried out. An approximately 

37b bp band was cut otit ~rorn the gel. This band was 

15· purified with·SuprecOl (Takara Co., Ltd.). and.then 

inserted into pGEX-4T-1 (Pharmacia) , which is a 

commercial vector. Actually, -·vector pGEX-4T-1 and 

the previous DNA were mixed together at a molar ratio 

·of 1:3 and· DNA was i~serted into the vector with T4 

20 DNA ligase (Invitrogen Co.). Vector pGEX-4T-l into 

which DNA had been inserted was genetically 

intrpduced to Escherichia coli On~-Shot Competent 

Cells (Invitrogen ~o., Ltd.). and then inoculated in a 

plate of L-broth (Takara to., Ltd.) semi-sold culture 

25 plate containing 50. µg/ml arnpicillin (Sigma) . The 

plate was then set aside at 37°C for 12 ·hours and the 

colonies that grew were selected at random and 
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inoculated into 2ml L-Broth liquid culture medium 

containing the same concentration of ampicillin. 

"Shake cultivation was performed at 37°C for 8 hours 

and the bacteria was recovered and the plasmid was 

5 separated using Wiza~d Miniprep in accordance with 

~he ·attached literature. The plasmid was cleaved 

with restriction endonuclease BamHI/XhoI. Insertion 

of said PCR product was confirmed by cutting out 

approximately 370 bp DNA. The.base sequence of the 

10 DNA that.had been ins~rted·was determined ·using said 

.clon.e. 
. . 

Determination of the base sequence of the 

inserted··DNA fragment was performed using the 

Fluorescence se·quencer of Applied Biosystems. The 

15 sequence sample was prepared usin9_ PRISM, Ready 

Reaction Dye Terminator Cycle Sequencing Kit (Applied 

20 

Biosystems}. First, 9.5 µl· reaction stock solution,. 

4.0 µl T7 ·promote~ primer ~t 0.8 pmol/µl (Gibco BRL)' 

and 6.5 µl·template DNA for sequencing at 0.16 µg/µl 

wer~ added to a microtube with a capacity of 0.5 ml 

and mixed .. After superposition with 100 µl mineral 

oil, PCR ·amplification was performed for 25 cycles, 

where one cycle. consisted of 30· seconds at 96°C, 15 

seconds at 55°C, and 4 minutes at 60°C. The product 

25 ·was then kept at 4°C for 4 minutes. After the 

reaction was ·~ompleted, 

wa~ added and stirred. 

80 µl sterilized pu!e water 

The product was centrifuged 
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and the aqueous layer was extracted 3 times with 

phenol-chloroform. Ten· microliters 3M sodium acetate 

(pH 5.2) and 300 µ1 ethanol were added to 100 µl 

aqueous layer and stirred. The product was t~en 

5 centrifuged for 15 minutes at room. temperature arid 

14,000 rpm and the sediment was recovered. Once the 

sediment was washed with 75~ ethanol, it was dried 

under a vacuum for 2 minutes to obtain the sequ~ncing 

sample. The sequencing sample was dissolv~d in 

10 formamide containing 4 µ·l 10 · mM. EDTA and denatured 

for 2 minutes at 90°C. This was then cooled in ice 

and submitted "to" sequencing. One of the 5 clones 

... obtained-had.homol6gy of the sequence· with the probe 

used for- PCR. tn· addition, DNA sequences extremely 

15 similar to the gene sequence of rib6s6rnal protein 

L7/Ll2 gene of the other microorganisms, for example, 

Ha~mophilus influenzae, were discovered. The entire 

base sequence and the corres~ohding amino acid 

sequence of the structural gene moiety are as shown 

. 20 in Sequence No. 21 and No. 22 of the Sequence Table. 

This gene fragment clearly codes for· Neisseria· 

gonorrhoeae ribosomal protein L7/L12. 

Neisser~a gonorrhoeae GST fused ribcisome prote~n 

L7/Ll2. prepared by the same method as in Example 2 

~ was· obtained using the Neisseria gonorrhoeae GST 

fusion ribosomal protein L7/L12 expression ·vector 

constructed i~ ~his way. Furthermore, hybridorn~ 
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strain AMGCl, which produces monoclonal antibody to 

ribosomal protein L7/Ll2 of Neisseria goriorrhoeae, 

was obtained in accordance with the method similar to 

the method of Example 3. Monoclonal. antibody was 

5 produced and recovered in accordance with standard 

10 

15 

20 

methods using the positive hybridoma cells of AMGCl 

strain obtained as previou~ly described. 

Specifically, cells·subcultivated in RPMI 1640 

medium (containing 10% FC~) was dil~ted with a serum­

free med{um to abo~t 2xl65c~lls/ml, 3.3xlO'cells/ml, 
,. 

and Sxl0 5 cells/ml in 2 5 cm2 cul tu re flasks,· -and· the 

total ·was made 5 ml. After-cell were grown for 3 to 

5 day~· in 7% C0 2 at 3~0c,··a flask-which cont~ins.th~ 

leasi n~mber of original cells was selected amonq 

flasks in wh~ch cells were grown. The same procedure 

was repeated until the cells diluted to 2xl0 5 

cells/ml grow to 2xl0 6 /ml in 3 to 4 days, thereby 

acclim~tizing the cells with the serum-free medium. 

Next, cl6ning was performed in a 96~well plate for 

bacteria cultivation to select cells exh~biting 

_-fastest growth and a·highest antibody titer. The 

selected cells were grown in a 24-well pla~e and 

diluted with a serum-free medium .in a 25 cm2 culture 

flask to a concentration of about 2xl0 5 cells/ml and 

~ "the total volume was made 10 ml. After incubaticrn 

for 3 to 4 days in 7% C0 2 at 37°C to a concentration 

of ·1xl0 6 cells/ml, the culture broth was transferred 
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to a botile for mass cultivation together with 100 ml 

of lx10 6 cells/ml cells which were.grown in the same 

manner in a 75 cm2 flask. 100 ml of a.serum-free 

medium was added to the mixture, which was incubated 

5 at 37°C for two days while stirring. 200 ml of the 

10 

·serum-free medium was added again and the mixture was 

"incubated for a further two days. The culture broth 

was divided into four aliquot, the serum-free medium 

was added to each portion, followed by_ incub~tion for 

two days .. After further addition of 400 ml of the 

serum-free· medium, the culture ·broth was incubated 

f?r 6 days. Th.e culture broth was collected and 

centr.ifuged at io, 000 rpm for 15 minutes to· obtain a 

culture· supernatant including the target antibody. 

15 After the addition ·of 0 .1% sodium azide, the _culture· 

J 

20 

supernatant was stored at 4°C. 100 ml ~f the ·sblution 

containing the ·antibody that was obtained was diluted 

to a 5-fold with PBS and adsorbed in. a Protei·n A 

column (5 ml bed, Pharmacia) ·and ·rinsed ·with PBS at 

3-times the bed volume. Then elution with citrate 

buffer at a pH of 3 was performed. The antibody 

fraction was recover~d and monoclpnal a~t~~ody that 

produc~d each hybridoma was obtained. The monoclonal 

antibody derived from the hybridoma was used in 

25 ELISA. 

To evaluate the antibody, 96 well plates 

sensitized with ribosomal protein L7/L12s of various 
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microorganisms were used as an antigen. The 

monoclonal antibody prepared was reacted, followed by 

·~he reaction of horseradish peroxidase-labeled anti-

mouse IgG (manufactured by MBL, Code 330) as a 

5 secondary antigen~ and finally the antibody was 

·detected using an enzyme·reaction coloring_ reagent. 

10 

In the ELISA reaction, solutions of recombinant· 

rib9somal protein L7/Ll2 of Neisseria gonorrhoeae, 

Haemophilu~ influenzae, and Streptococcus pneumoniae 

dissolved ih PBS containing 0.05% scidium azide 

diluted to 1 µg/ml were poured, 100 µlat a· time, 

into separate _96-well pl~tes and ad~orbed overnight 

~at 4°C. ··Aft~r remov~l of the supernatant, 20-0 µl 1% 

bovihe serum albumin solution· (in PBS) were added and 

15 reacted·~nd blocked for 1 hour at room temperature. 

20 

The ~~pernatant· was removed and the product was 
·-

washed with a washing ~elution (O.a2% Tween 20, PBS)·. 

Solutions of AMGCl antibody, at concentrations of 

0.1-1 µg/ml, in an amount of ·100 µl each, were added 

and reacted for two hours at room temperature. The 

supernatant was removed and the product was further 

washed with a.washing solution. Then, 100 µl of a 

solution of 5 µg/ml horse radish peroxidase-labeled 

anti-mouse I~G (manufactured by MBL, Code 339) was. 

25 added and reacted for one hour at room temperature. 

The supernatant was removed and the product was 

wa~hed with ·a washing solution. TMB (KPL) solution 
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5 

10 

15 

was added, 100 ~l at· a time, and reacted for 20 

minut€s at room temperature. After coloration, 100· 

µl 1 N sulfuric acid were added to stop the reaction. 

Absorbance at. 450 nm was .determined. 

As a result, as shown in Table 6 it was confirmed 

~hat when the monoclonal antibody originat~ng from 

hybridoma AM~Cl was used, this antibody can react 

with ribosomal protein L7/L12s ~f all bacteria such 

as Neisseria gonorrhoeae, Haemophilus influenzae, and 

Streptococcus pneumoniae~ 

Table 6 
Results· of detection of AMGCl antibody and 
Ribosomal· Protein L7/Ll2. of ·_~icroorganisms 
~ei~seria_ gonorrhoeae. 
Haemophilus influenzae 
Streptococcus pneumoniae 

(+: Positive) 

+ 
+ 
+ 

The AMGCl antibody obtained here is very useful 

as an antibody used for the detection of 

·m~croorganisms in the so-called sandwich assay by 

optical immunoassay and ELISA method, in combination 

W with an anti-ribosomal protein L7/Ll2 ~ntibody which 

is specific to 2ach micrdorganisrn. 

Industrial Applicability 

According to the .present invention, not only 

~ microorganisms can be detected spec~fically according 

94 



.. ;.. 

. 5 

10 

to sp_eci--es, but also microorganisms of all ·serotypes 
.. 

in the same species_ can be detected at a high 

precision, by· using antibodies to intracellular 

molecules of the-same function. 

By using antibodi~s to ribosomal proteins L7/Ll2 

of various microorganisms as such antib~di~s, 

Haemophilus influenzae and Neisseria gonorrhoeae can 

be detected precisely. 

Moreover, specific antibodies used for the 

detection cif various kinds of microorganisms can be 

pr~pared by using intracellula; molecule~ ~xhibiting 
. . 

s~me functions in various.microorganisms as ah 

·antigen.· 
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REMARKS TO DEPOSITED MICROORGANISMS 

The organization in which the microorganisms have 

been _deposited: 

5 National Institute of Bio~cierice and Human 

Technology, the Agenqy of Industrial Science 

and Technology 

Address: 1-1-3, Higa~hi, Yatabe-cho, Tsukuba-shi, 

Ibaraki-ken, Japan (Postal Code: 305). 

10 Date of deposition: Jµly· 28, 1999 

Number of depositi~n given by ~he deposition 

organization: FERM PB6807 
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· · B llep~aced 

1ii\l\illl\I. 
CLAIMS: 

1. Antibodies which are antibodies to ribosomal 

"protein of ~icroorganisms and which react 

specifically with said micro~rganisms. 

2. The antibodies according to claim 1, where the 

ribosom~l protein of the microorganisms is ribosomal 

protein L7/Ll2. 

3. The antibodies according to claim 1 or 2, 

where.said microorganisms are microorganisms which 

Q) .. 10 cause a sexually transrni tted disease (S·To)·. 

C
,.·:· .. : . 

. . -· 

_4. The. antibodies according to claim 1 ·or 2, 

where ·said mic~oorganisms are microo~ganisms which 

"cause ~espiratory tract infection. 

5. The antibody according to claim 4, where the 

15 causative microorganisms of respiratory tract 

infection are microorganisms of Haemophilus 

influenzae. 

6. The a~tibody according to claim 4, where the 

causative microorganisms of iespiratory tiact 

20 in{ection are microorganisms of Streptococc~s 

pneumoniae. 

7. The antibody according to claim 3, where the 

causative_microorgan~sms of sexually transmitted 

diseases (STD) are microorganisms of Neisseria 

25 gonorrhoeae. 

8. The antib~dy according-to claim 3, which is 

the antibody to ribosomal protein L7/Ll2 of Neisseria 

:
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gonorrhoeae and which identifies a continuous amino 

acid sequence moiety from 5 to 30 amino acids 

including the l lSt.h alanine in the amino acid 
. . 

sequ~nce of Sequence ID No. 22 of the Sequence Table. 

9. A method of detecting microorganisms, which is 
. . 
characterized by the fact that antibody to. 

intr~cellular molecules that have the same function 

for a variety of microorganisms is used. 

10. A method ox detecting .microorganisms, which 

is characterized by the ~act that a~y ant~body 

according to· claims 1 to 8 is used . 

. ,11. ·A reagent kit for detecting microorganisms, 
. . . 

·which is·. characterized by the fact that ~ntibody ·to· 

intracellular m6lecules that have the same function 

15 for a variety of microorganisms is used. 

12. A reagent kit for detecting mLcroorganisrns, 

~hich is characterized by the fact that any ant{bodi 

according to claims 1 to 8 is used.· 

13: A method of preparin~ any antibody described 

20 any one of claims 1 to 8, characterized by the fact 

that ribosomal protein L7/Ll2 of microorganisms 

obtained by a gene manipulation pr6cedure or by 

isolation from microorganisms, peptide moiety 

thereof, or a·synthesiz~d peptide corresponding to 

25 the peptide moiety is used as an immune source. 
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