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(5?) Abstract

A highly efficacious vaccine for infectious diseases caused by fowl Mycoplasma galllscptlcum, prepared by utilizing a sub* 
stantlally pure protein which has a molecular weight of about 40 kDa, Is coded for by a DNA sequence originating In Mycoplas­
ma galllscptlcum and having a specified restriction enzyme cleavage map, and can act on mycoplasmadmmune or mycoplasma· 
infected serum, or other protein having equivalent functions.
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DESCRIPTION

POULTRY MYCOPLASMA ANTIGENS, GENE THEREOF AND
RECOMBINANT VECTORS CONTAINING THE GENE AS WELL AS

VACCINES UTILIZING THE SAME

TECHNICAL FIELD
The present invention relates to antigen 

proteins of Mycoplasma qalliseptlcum infected to 
poultry?, recombinant vectors integrated with genes

5 encoding to antigen proteins, hosts transformed by the 
vectors, as well as poultry vaccines for Mycoplasma 
qalllsepticum infections utilizing the antigen proteins.

BACKGROUND
Mycoplasma gallisepticum infectious disease,

10 that is one of the most serious infections on poultry 
such as chickens, etc., is characterized by chronic 
respiratory impairment accompanied by inflammation of 
the air sac in chicken. When chickens were infected 
with Mycoplasma gallisepticum, an egg-laying rate and a

15 hatching rate of eggs produced by infected chickens are 
markedly reduced. As the result, shipping of eggs and 
egg-laying chickens decrease so that a considerable 
economic loss is caused. In addition, Mycoplasma 
qalliseptlcum infection induces the reduction in

20 immunity so that chickens are liable to suffer from



2
other infectious diseases to cause complication of 
severe infectious diseases. Furthermore, Mycoplasma 
qallisepticum is known to be a pathogen of sinusitis in 
turkeys.

5 The present inventors already found proteins
react with antisera against Mycoplasma qallisepticum 
(Japanese Patent Application Laid-Open No. 2-111795).
It is expected that these proteins would be useful as 
vaccines for preventing Mycoplasma qallisepticum

10 infections, but in order to prepare more potent
vaccines, it is desired to provide proteins having a 
higher activity.

DISCLOSURE OF THE INVENTION
As a result of extensive Investigations to

15 obtain more effective vaccines for preventing Mycoplasma 
qallisepticum infections, the present inventors have 
selected TMG-1 from the proteins disclosed in Japanese 
Patent Application Laid-Open No. 2-111795 supra. It has 
then be found that addition of protein of about 11

20 kilodaltono to TMG-1 markedly increased the antigenicity 
of Mycoplasma qallisepticum, antisera induced using the 
addition product as antigen prevent the growth of 
Mycoplasma galliseptlcum, and the protein described 
above can be expected to be useful as poultry vaccine

25 for preventing Mycpplaema galliseptlcum infections and 
also useful as diagnosis of Mycoplasma qallisepticum

is»
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infections for poultry use. The present invention has 
thus come to be accomplished.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a restriction enzyme cleavage map

5 of DNA fragment which can be used for recombination in 
the present invention.

Fig. 2 illustratively shows the procedure for 
cloning TTM-1 DNA to M13 phage.

Fig. 3 illustratively shows the procedure for
10 producing a site-specific mutant prepared using 

artificially synthesized oligonucleotide primer.
Fig. 4 illustratively shows the procedure for 

producing plasmid pMTTMIE which expresses protein TTMG-1 
encoded by TTM-1'.

15 BEST MODE FOR PRACTICING THE INVENTION
According to a first aspect of the present 

invention, there is provided a protein which causes an 
antigen-antibody reaction with Mycoplasma qalllseptlcum 
poultry antisera and has a molecular weight of about 40

20 kilodaltons (hereinafter abbreviated as kd) encoded by 
DNA sequence having a restriction enzyme cleavage map 
shown in Fig. 1. According to a second aspect of the 
present invention, there is provided a DNA sequence 
which encodes the amino acid sequence. According to a

25 third aspect of the present invention, there is provided 
a recombinant vector containing the DNA and a host
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transformed or transfected by the recombinant vector.

J According to a fourth aspect of the present invention,
: there is provided a poultry vaccine for preventing
I Mycoplasma qalliseptlcum infections, comprising the said
I 5 protein as an effective component.
j That is, in the first aspect of the present

invention, the protein is the ono that causes an 
antigen-antibody reaction with sera immunized or

J infected with Mycoplasma qalliseptlcum and has aI
ΐ| 10 molecular weight of about 40 Kd encoded by DNA sequence
1} having a restriction enzyme cleavage map shown in Fig.I
t 1. Specific examples include a protein having an amino

acid sequence shown in Sequence No. 1, a fused protein 
having a C-terminus the amino acid sequence and

15 containing bacteria-derived enzyme proteins such as β- 
galactosidase, β-lactamase, etc. at the N-terminus 
thereof.

The protein can be obtained by using the host 
transformed by or transfected by the recombinant vector

20 that is concerned with the third aspect of the
invention. The recombinant vector described above can 
be obtained by incorporating the DNA fragment as the 
third aspect of the invention into an expression vector 
in a conventional manner.

25 Sources for collecting the DNA fragment may be
any of the sources so long as they belong to Mycoplasma 
qalllsepticum. Specific examples include S6 strain 
(ATCC 15302), PG31 (ATCC 19610) and the like. Specific
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example of the DNA fragment used for recombination is a 
DNA fragment having a restriction enzyme cleavage map 
shown in Fig. 1 (for example, DNA fragment shown in 
Fig. 2.

5 The nucleotide sequence of 202 to 988 in the
fragment having DNA sequence shown by Sequence No. 1 is 
the same as that of protein TMG-1 described in Japanese 
Patent Application Laid-Open No. 2-111795. The 
nucleotides of 986 to 988 which correspond to a

10 termination codon of the gene encoding this TMG-1 are 
modified so as not to be translated as termination codon 
in the host, and DNA sequence of 999 to 1387 io further 
added thereto. TGA of 1048 to 1050 is also modified so 
as not to bo translated as termination codon.

15 NNN in DNA sequence is not particularly
restricted unless it is not a termination codon upon 
expression. However, it io expected in natural 
Mycoplasma galli nept loam that TGA would be translated 
into tryptophan (J. Bacteriology, 172(1), 504-506

20 (1990)). It io thus preferred to modify NNN into a base
translated as tryptophan also in host cells, for 
example, into TGG.

The vector which is used to construct the 
recombinant vector is not particularly limited but

25 specific examples include plasmids such as pUC8, pUC9, 
pUClO, pUCll, pUC18, pUC19, pBR322, pBR325, pBR327, 
pDR540, pDR?20, and the like? phages such as Xgtll, 
XgtlO, XEMBL3, XEMBL4, Charon 4A and the like.
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The method for inserting the DNA fragment 

described above into these vectors to produce 
recombinant vectors may be performed in a manner well 
known to one skilled in the art. For example, the

5 vector is cleaved with a restriction enzyme and ligated 
directly with the DNA fragments described above, under 
control of a suitable expression regulatory sequence.
Ao tho expression regulatory sequence used, those may be 
mentioned, for example lac promoter-operator, trp

10 promoter, tac promoter, lpp promoter, PL promoter, amyE 
promoter, Gal7 promoter, PGK promoter, ADH promoter, 
etc.

In producing the recombinant vector for the 
purpose of expressing these proteins derived from

15 Mycoplasma, techniques for producing a recombinant
vector by once Incorporating the aforesaid DNA fragment 
into a suitable vector followed by subcloning io well 
known to one skilled in the art. These oubcloned DNA 
fragment are excised with an appropriate restriction

20 enzyme and ligated with the expression regulatory 
sequence described above to produce, the recombinant 
vector capable of producing the protein.

The vector which is used for the subeloning io 
not critical but specific examples include plasmids such

25 SO pUC8, pUC9, pUClO, pUCll, pUClQ, pUC19, pBR322, 
pBR325, pBR327, PDR540, pDR720, pUBllO, pIJ702, YEpl3, 
¥Bp24, ¥CpX9, pAe373, pAeYMl, and the like.
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Then, a variety of appropriate hosts are 

transformed using the obtained recombinant vector to 
obtain microorganisms that can produce the protein 
having antigenicity derived from Mycoplasma

5 cal11 septicum, or a fused protein containing the same 
amino acid sequence.

The appropriate host used heroin can be chosen 
taking into account adaptability to expression vector, 
stability of the products, etc. Specific examples are

10 genus Escherichia (for example, Escherichia coll), genus 
Bacillus (for example B,a.c.ll_lun subtills, Bacillus 
sphaericus, etc.), Actinomyces, Saccharomyces, insect 
cell, silkworms, etc. The hoot transformed by on 
appropriate expression vector can be cultured and

15 proliferated under suitable conditions well known to one 
skilled in the art.

Upon production of the protein, conditions for 
inducing the action of expression regulatory sequence 
can be chosen. More specifically, in the ease of lac

20 promoter-operator, ouch conditions can be effected by 
adding a suitable quantity of isopropylthio-B-D- 
galactopyranosido to a culture broth.

The poultry vaccine for Mycoplasma 
galJUsepti-Cum infections from the thus obtained host

25 which is concerned with the fourth aspect of the 
invention can be prepared by a modification of 
conventional technique. The host can be cultured under 
conditions generally used for culturing microorganisms
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of this type. In the case of E. coll, the bacteria can 
be cultured in LB medium at 37°C under aerobic
conditions.

After culturing, the protein of the present 
5 invention as its first aspect can be purified by means

of chromatography, precipitation by salting out, density 
gradient centrifugation and the like that are woll known 
to one skilled in the art and may optionally bo chosen. 
The thus obtained protein can be used as a vaccine.

10 Alternatively, the transformed host can be inactivated 
and the inactivated host can be used as vaccine. In 
thio ease, the inactivation io carried out in a conven­
tional manner after culture of the host is completed.
The inactivation may be attained by heating but it io

15 simpler to add an inactivator to the culture broth.
Ao the inactivator, there may bo used Morzonin, 8- 
propiolaetono, tyrosine, salicylic acid, Crystal Violet, 
benzoic acid, benzotonium chloride, polymyxin, 
gramicidin, formalin, phenol, etc. The inactivated

20 culture broth is added, if necessary and desired, with a
suitable quantity of adjuvant. The inactivated product
is then separated with a siphon or by means of eentri- 

yv fugation, etc. As the adjuvant, aluminum hydroxide gel,
aluminum phosphate gel, calcium phosphate gel, alum,

25 etc. are employed. The inactivated product thus
separated is adjusted with phosphate buffered saline, 
etc. to a suitable concentration. If necessary and 
desire, an antiseptic is added to the product, Examples►
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of the antiseptic which can be used include Merzonin, 
β-propiolactone, tyrosine, salicylic acid, Crystal 
Violet, benzoic acid, benzetonium chloride, polymyxin, 
gramicidin, formalin, phenol, etc.

3 In order to further enhance the immune
activity, adjuvant may also be added to the vaccine 
obtained. The adjuvant is generally used in a volume of 
1 to 99 based on 100 volume of the vaccine.

When the vaccine is used, it may bo mixed with
10 diluents, thickeners, etc. in a conventional manner.

The vaccine exhibits tho effect in a dose of at least 1 
yg antigenic protein mass per kg wt. The upper limit io 
not critical unless tho dose shows acute toxicity. The 
dose eon bo determined opportunely, for example, under

15 ouch conditions that tho neutralizing antibody titer 
(logic) io 1·0 to 2.0. No acute toxicity was appreci­
able in a dose of 5 mg antigenic protein maos per kg wt. 
to chicken.

The poultry vaccine for Myj5P.Rl-fl.nma
20 gaA-ilneptleum infection obtained in the present 

invention io inoculated to poultry intramuscularly, 
subcutaneously or intraeutaneously, etc. The vaccine 
may also be sprayed onto respiratory tract for 
immunization.

25 According to the present invention, the
proteins having higher antigenicity than those obtained 
in the prior art can be provided efficiently. The
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excellent peptides are effective as vaccines and poultry 
diagnostics for Mycoplasma qalliseptlcum infection.

[EXAMPLES]
[Example 1]

5 Harvest of polypeptide gene TTM-1 in which Mycoplasma 
galljsepticum is expressed:

(1) Production of genomic DNA of Mycoplasma 
qalliseptlcum
Mycoplasma qalliseptlcum S6 strain was

10 cultured at 37°C for 3 to 5 days in liquid medium 
prepared by supplementing 20% horse serum, 5% yeast 
extract, 1% glucose and a trace amount of phenol red as 
a pH indicator in 100 ml of PPLO broth basal medium. As 
Mycoplasma qalllsepticum proliferated, pH of the culture

15 broth decreased. At the point of time when the color of 
the pH indicator contained in the culture broth changed 
from red to yellow, incubation was terminated. The 
culture medium was centrifuged at 8000Q for 20 minutes 
to collect the colls. The cello were then suspended in

20 1/10 volume of PBS based on the volume of culture
med.urn. The suspension was again centrifuged at 10,000 
rpm for 20 minutes to collect the cells. The collected 
cells were resuspended in 2.7 ml of PBS and SDS was 
added thereto in a concentration of 1%. Furthermore 10

25 yg of RNase was added to the mixture. The mixture was 
incubated at 37ttC for 30 minutes to cause lysis.
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The lysate was extracted 3 times with an equal 
volume of phenol and then 3 times with ethyl ether. The 
extract was precipitated with ethanol to give 200 pg of 
genomic DNA of Mycoplasma qallisepticum.

5 (2) Genomic Southern hybridization of Mycoplasma
qallisepticum using TM-1 gene as a probe 
After 1 pg of Mycoplasma qallisepticum DNA

obtained in (1) was digested with Xbal, the digestion 
product was subjected t^ 0.6% low melting point agarose

10 gel electrophoresis. After the electrophoresis, the gel 
was immersed in an alkali denaturing solution (0.5 M 
NaOH, 1.5 M NaCl) for 10 minutes to denature DNA and 
further immersed in a neutralizing solution (3 M sodium 
acetate, pH 5.5) for 10 minutes to neutralize. Follow-

15 ing the neutralization, the DNA was transferred onto a 
nylon membrane in 6-fold SSC solution (0,7 M NaCl, 0.07 
M sodium citrate, pH 7.5). After air drying, the 
membrane was heated at 80°C for 2 hours. 4-fold SET 
(0.6 M NaCl, 0,08 M Trio-HCl, 4 mM EDTA, pH 7.8), 10-

20 fold Denhardt, 0.1% SDS, 0.1% Na4p2O7, 50 pg/ml of 
denatured salmon sperm DNA and pUM-1 insert DNA (TM-1 
genet see Japanese Patent Application Laid-Open No. 2- 
111795) which had been labelled in a conventional manner 
were added to cause hybridization at 68°C for 14 hours.

25 The nylon membrane was overlaid on an X ray film.
Autoradiography revealed that hybridizat on occurred on 
a fragment of about 3.4 kbp.
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(3) Cloning of Xbal-digested fragment of about 3.4 
kbp into pUC-19 and colony hybridization 
After 4 ug of Mycoplasma galljsepticum DNA

obtained in Example 1 (1) was digested with restriction 
5 enzyme Xbal, the digestion product was subject to 0.6%

low melting point agarose gel electrophoresis. After 
the electrophoresis, a fragment of about 3.4 kbp was 
recovered. The fragment was ligated by ligase with pUC- 
19 cleaved through digestion with Xbal and competent E.

10 coli TGI strain was transformed. The transformants were 
cultured at 37°C for 15 hours in LB agar medium 
containing 0.003% of 5-bromo-4-Chloro-3-indolyl-B-D- 
galactopyranoside, 0.03 mM of isopropylthio-B-D- 
galactopyranoside and 40 yg/ml of ampicillin. White

15 colonies grown on the agar medium were transferred onto 
a nylon membrane followed by hybridization in a manner 
similar to (2/ above. Autoradiography revealed that 
cloning was effected and, the plasmid was named pUTTMl.

(4) Determination of the entire nucleotide
20 sequence of TTM-1

Sequence of insert DNA fragment was determined 
by the Dideoxy method of Sanger et at. {Proc. Natl.
Acad, Sci., USA, .7.4, 5463 (1977)} using pUTTM-1 prepared 
in (3) above. The nucleotide sequence is shown by

25 Sequence No, 1 (provided that NNN in the sequence is 
both TGA). It is reported that TGA codon is read as 
tryptophan in the genus Mycoplasma, not as translation 
termination codon. In view of the sequence, the

χ,ν **v ■
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molecular weight of the protein encoded by TTM-1 was 
assumed to be about 40 kilodaltons.

(Example 2]
(1) Production of TTM-1' modified (TGA -* TGG) not

5 to read TTM-l-encoding protein TTMG-1 by TGA
as translation termination codon

@ 2-1 Cloning of TTM-1 DNA to M13 phage (Pig. 2)
pUTTM-1 of 1-(3) was digested with restriction

enzymes Sad and EcoRI and the digestion product was
10 then subjected to 0.8% low melting point agarose gel 

electrophoresis. A 1.1 kbp fragment containing the 5'- 
end of TTM-1 was recovered by treating with phenol- 
chloroform and precipitating with ethanol, followed by 
ligation with the fragment obtained by digestion of

15 Ml3mpll phage with Sad and EcoRI. The reaction 
solution was mixed at m.o.i. of 0.1 with a solution 
obtained by culturing E. coll TGI at 37°C for 24 hours, 
adding IPTG thereto in a final concentration of 100 mM 
and further supplementing IPTG in X-gal concentration of

20 2%. The resulting mixture was inoculated on soft agar
to solidify. Incubation was then performed at 37°C for 
24 hours. Among the phage plaques formed, recombinant 
phage TTM-1N containing 1.1 kbp DNA of TTM-1 was 
collected from the phage, which color did not change to

25 blue.
Likewise, pUTTM-1 was digested with EcoRI and 

EcoRV. After 0.8% low melting point agarose gel
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electrophoresis, a 0.4 kbp fragment containing the 3'- 
end of TTM-1 was recovered from the gel. By treating 
with phenol-chloroform and precipitating with ethanol, 
the DNA fragment was recovered. M13mpl0 phage was

5 ligated with the fragment obtained by digestion with 
EcoRI and EcoRV using ligase. The reaction solutif as 
treated as in the cloning of 1 kbp DNA. Recombinant 
phage TTM-1C containing 0.4 kbp DNA of TTM-1 was thus 
obtained.

10 (2) Preparation of single stranded DNA from each
recombinant phage
The two recombinant phage obtained in (1) 

above were added at m.o.i. of 0.1, respectively, to E, 
coll TGI proliferated at 37°C in 100 ml of 2 x YT

15 medium. After shake culture at 37°C for 5 hours,
centrifugation was performed at 5000G for 30 minutes to 
obtain the cell-tree supernatant. 0.2-fold volume of 
polyethylene glycol/oodium chloride mixture (20% 
polyethylene glycol #6000, 2.5 M NaCl) was added to the

20 supernatant. After settlement at 4°C for an hour, the 
mixture was centrifuged at 5000G for 20 minutes to 
recover the precipitates. The precipitates were 
dissolved in 500 -1 of TE buffer (10 mM Tris-HCl, 1 mM 
EDTA, pH 8.0). After extraction with phenol-chloroform,

25 single stranded DNA of each recombinant phage was 
recovered by ethanol precipitation.
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(3) Production of site-specific mutant using

artificially synthesized oligonucleotide as a 
primer (Fig. 3)
When the thus obtained DNA is incorporated and 

5 expressed in E. coli as it is, the site corresponding to
NNN of the nucleotides shown by Sequence No. 1 is 
recognized as termination codon since this portion is 
TGA. Thus, the sequences following the portion is not 
translated. Therefore, in order to modify nucleotide

10 adenine corresponding to the third nucleotide of codon 
NNN to guanine, the following two oligonucleotides were 
synthesized to translate the TGA portion as methionine.

Sequence No. 2:
3'-TACGTTCTTCCTGGCAAACCTTACCACTACTT-5'

15 and,

Sequence No. 3:
3'-CTACAAAGAACCTAAATATCA-5'

The oligonucleotide shown by Sequence No. 2 is 
annealed to single stranded DNA of TTM-1N and the

20 oligonucleotide shown by Sequence No.3 to single
stranded DNA of TTM-1C to cause the desired mutation by 
the method of Frits Eckstein et al. (Nucleic Acid 
Research, 8749-8764, 1985). The thus obtained 
recombinant phages were named TTM-1N' and TTM-1C,

25 respectively. DNAs of TTM-1N' and TTM-1C phages
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obtained were digested with restriction enzymes Sacl- 
EcoRI and EcoRI-Bglll, respectively. By 0.8% low 
melting point agarose gel electrophoresis, the fragments 
of 1.1 kbp and 0.4 kbp were extracted from the agarose

5 gel and recovered by ethanol precipitation. On the
other hand, plasmid pUTTM-1 was also digested with Sacl- 
Bglll. The 4.8 kbp fragment bearing vector was 
extracted by 0,8% low melting point agarose gel 
electrophoresis and recovered by ethanol precipitation.

10 The thus obtained three fragments were ligated by ligase 
and competent g. cplJL TGI strain was transformed to 
obtain plasmid pUTTM-1' bearing TTM-1' with mutation at 
the desired site thereof. Sequencing analysis was 
performed as in 1-(4). It was thus confirmed that the

15 desired site underwent mutation.
The restriction enzyme map of the thus

obtained gene derived from Mycoplasma gnlllseptieum io 
shown in Pig. 1.

(Example 3)
20 Production of expression plasmid pUTMIE of protein TTMG- 

1 encoded by TTM-1' (Pig. 4)
Digestion of plasmid pBMG6T (Japanese Patent 

Application Laid-Open No. 2-111795) with restriction 
enzyme BamHI was followed by a treatment with DMA

25 polymerase X and then digestion with restriction enzyme 
AvaXXX. After 0.8% low melting point agarose gel 
electrophoresis, DMA of about 5000 bp was recovered from

L

s
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15

20

the gel. By treating with phenol-chloroform and 
precipitation with ethanol, a fragment containing tac 
promoter was recovered. On the other hand, plasmid 
pUTTMl obtained in (3) was digested with restriction 
enzymes Avalll and EcoRV. The digestion product was 
subjected to 0.8% low melting point agarose gel 
electrophoresis. DNA of about 600 bp was recovered from 
the gel and treated with phenol-chloroform. By ethanol 
precipitation, a fragment containing a part of TTM-1 DNA 
was recovered.

The two fragments were ligated using ligase 
and competent E. coll TGI strain was transformed. The 
transformants were cultured at 37°C for 15 hours in LB 
agar medium containing ampicillin. The plasmid was 
extracted by tho method of Birnboim & Doly (Nucleic Acid 
Research, 2» ^-513 (1979)] to produce plasmid pTTMIE 
bearing tac promoter and TTM-1 DNA.

On the other hand, pBMGGT was digested with 
restriction enzyme BamHI. After 0.8% low melting point 
agarose gel electrophoresis, a fragment of about 700 bp 
containing transcription termination sequence was 
recovered by ethanol precipitation.

Lastly, pTTMIE was dlgesteu with restriction 
enzyme Bglll followed by a treatment with phenol and 
chloroform. The fragment recovered by ethanol precipi­
tation was ligated by ligase with the aforesaid fragment 
of about 700 bp containing the transcription termination

* 25
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sequence. The desired plasmid was selected in a manner 
similar to pTTMIE and named pMTTMlE.

[Example 4]
Expression of polypeptide encoded by TTM1E

5 After E. coli TGI strain transformed by
pMTTMlE was cultured at 37°C for 12 hours in LB medium 
supplemented with 50 μΐ/ml of ampicillin, 1 ml of the 
culture broth was taken and added to 100 ml of LB medium 
containing 50 pg/ml of ampicillin followed by incubation

10 at 37°C. Two hours later, 1 mM of isopropylthio-B-D- 
galactopyranoside was added in a concentration of 1 mM 
and incubation was continued at 37°C for further 12 
hours. After the incubation, £. coll was centrifuged at 
6000G for 10 minutes. After the cells were collected,

15 the cells were subjected to 10% SDS-PAGE and electro- 
phoresed at 50 mA for 2 hours. After the electro­
phoresis, the gel was stained with Coomasoie Brilliant 
Blue R-250 thereby to detect a new band of about 40 
kilodaltons, amounting to about 10% of the total cell

20 protein. Since this molecular weight of the protein 
coincided with the estimated value, the protein having 
about 40 kilodaltons io identified to be the protein 
encoded by TTM-1 and named TTMG-1.

Furthermore, the gel thus applied on SDS-PaCE
25 was transferred onto a nitrocellulose membrane for

western blotting [Towbin et al., Free. Natl. Acad, Sei. 
USA, 43S0 (1979)} and as a primary antibody, chicken



19 -
serum immunized with Mycoplasma qallisepticum was used, 
whereby a band of about 40 kd stained with Coomassie 
Brilliant Blue R-250 was reacted. It was thus confirmed 
that TTMG-1 was derived from Mycoplasma qallisepticum.

5 [Example 5]
Purification of TTMG-1

After E. coli collected in Example 4 were
suspended in 10 ml of Dnlbecco's PBS, the suspension was 
treated with French press (manufactured by ©take

10 Seisakushot 1500 kgf/cm2). Then, centrifugation was 
performed at 60000G for 30 minutes and tho precipitates 
were recovered. After washing 3 times with KPB (10 mM 
potassium phosphate buffer solution, pH 7.0) supple­
mented with 1% NP-40, the precipitates woro suspended in

15 PBS containing 7.5 M urea. After centrifugation at 
60000G for 30 minutes, the supernatant was recovered.
The supernatant was fractionated by linear density 
gradient from 0M to 1M of NaCl concentration using QAE- 
TOYO PEARL COLUMN (manufactured by TOSO Co., Ltd,) which

20 had been equilibrated with KPB having pH of 7.8 and 
containing 6M urea. The fraction containing TMG-1 was 
thus recovered at 0M of NaCl concentration. This 
fraction was further fractionated by linear density 
gradient from 0M to 1M of NaCl concentration using Red-

25 TOY© PEARL COLUMN (manufactured by TOR© Co., Ltd.) which 
had been equilibrated with the same KPB as used for QAE- 
TOY© PEARL COLUMN. The fraction containing TMO-1 (about
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200 pg) was thus recovered at 0.5M to 0.7M of NaCl 
concentration.

The thus obtained ΤΓ<G-l was subjected to SDS- 
PAGE in a manner similar to Example 4. After staining

5 with Brilliant Blue R-250, the purity was determined to 
be about 90% by TLC-scanner (TS-930: Shimadzu Seisakusho 
Ltd.).

From the culture broth of TGI, about 200 pg of 
TTMG-1 was purified.

10 [Example 6]
Growth inhibition of Mycoplasma gnllinapAlAnm

TTMG-1 obtained in Example 5 was dissolved in
Dulbeeeo's PBS in a concentration of 200 pg/ml. After 1 
ml of the solution was mixed with an equal volume of

15 complete Freund adjuvant or aluminum hydroxide gel, the 
mixture was subcutaneously injected to chicken of 8 
weeks age or older (line-M, SPFt Nihon Soibutsu Kagaku 
Kenkyusho) at the right thigh. Further 2 weeks after, 1 
ml each of TTMG-1 described above was subcutaneously

20 administered for the second immunization to chicken as 
in the first immunization. A week after, anti-TTMG-1 
serum was collected from the heart of chicken.

On the other hand, Myeeplanma gall1 septIcum 86 
strain inoculated by 10% on PPL© liquid medium {modified

25 Ghanoek's medium). After incubation at 37®C for 3 days, 
the eulture br© h was passed through a membrane filter 
of 0.45 ym to remove the agglutinated cells. The
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filtrate was diluted to a cell count of 103 CFU/ml with 
PPLO liquid medium, which was used for determination of 
the activity.

The cell solution was separately charged by
5 400 μΐ each in a sterilized polypropylene tube. To the

cell solution was added 100 μΐ each of standard chicken 
serum, TMG-1 immunized serum (Japanese Patent Applica­
tion Laid-Open No. 2-111795) and TTMG-1 immunized serum. 
By culturing at 37°C for 2 to 5 days, growth Inhibition

10 test was carried out.
On Days 0, 1, 2, 3 and 4 of the incubation, 10

ul each was collected from each culture broth for growth 
inhibition test of Mvcoplafljma gallineptiourn. Each 
collected culture broth harvested was spread over a

15 plato of PPLO agar medium followed by culturing at 37°C 
for 7 days. The coll count in the corresponding culture 
broth was deduced from tho number of colonies formed.
The results of cell count on Day 3 are shown in Table 1.

Table 1

Sample Cell Count on Day 3 
the number of cells

Standard chicken serum 1.3 x 108

Anti-TMQ-1 chicken serum 3.4 x 106
Anti-TTMG-l chicken serum 1.8 x 105

When the added sample was standard chicken 
2θ serum or the culture broth supplemented with horse
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serum, no difference wa3 noted in the growth rate of 
Mycoplasma qalliseptlcum and the cell count reached the 
saturation on Day 3 of the incubation. In the culture 
broth supplemented with anti-TTMG-1 immunized chicken

5 serum Mycoplasma qalllsepticum immunized chicken serum 
or with Mycoplasma qalllsepticum infected chicken serum, 
the growth of Myooplasma qalliseptlcum was clearly 
inhibited on Day 3. The results indicate that TTMG-1 
protein is an antigen which can induce the antibody

10 capable of effectively inhibiting the growth of 
Mycoplasma qalliseptlcum.

[Example 7]
Effect of preventing infection of TTMG-1 immunized 
chicken with [dycojplanmfi

15 MyoppAasma .qalliseptlcum KP-13 strain was
cultured in PPLO liquid medium to reach a concentration 
of 1 x 106 CFU/ml. Two weeks after the second booster 
in the chicken immunized in Example 6, the cell solution 
was infranasaly inoculated in the nasal cavities by 0.5

20 ml each. Four days after the chicken was sacrificed and 
the infraorbital sinuses and the air sac were wiped with 
sterilized cotton applicators, respectively. The appli­
cators were immersed in PPLO liquid medium (containing 
1% penicillin and 0.05% thallium acetate), respectively,

25 followed by stationary culture at 3?eC for 168 hours. 
After stationary culture of further 20 yl In 2 ml PPLO 
medium (containing 1% penicillin and 0.05% thallium
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acetate), the presence or absence of the bacteria was 
detected as in Example 6 to determine the effect of 
preventing Infection.

The effect of preventing infection is shown in 
Table 2. The chicken inoculated with TTMG-1 of the 
present invention shows a marked effoct of preventing 
infection as compared to non-immunizod chicken, indicat­
ing that TTMG-1 of the present invention exhibits a 
remarkable vaccine offect.

Table 2

Immune Antigon Recovery of &yj?eRlnnmn

Infraorbital sinuses
TTMG-1 5/10
none 4/5

&
10
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(1) General Information 
(1) Applicantst USA

SAITO Shuji 
©KAMA setsuko 
FUJISAWA Ayumi 
IRITANI Yoehikazu 
AOYAMA Shigemi 
other than USA 
NIPPON ΖΕΟΝ CO., LTD. 
SHIONOGI $ CO., LTD.
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(ii) Title of the Invention:

POULTRY MYCOPLASMA ANTIGENS, GENE THEREOF AND 
RECOMBINANT VECTORS CONTAINING THE GENE AS WELL AS 
VACCINES UTILIZING THE SAME

10

(iii) Number of sequences: 3
(2) Information on Sequence No. 1
(i) Characteristic of Sequence

(A) Length of sequence: 1387 base pairs
(B) Type of sequence: nucleic acid
(C) Number of strand: double strand
(D) Topology: circular
(E) Kind of sequence: DNA

(xi) Indication of sequence: Sequence No. 1

ΛΛΛ AAC ATC AGA TTC TTA ATC TGA TAT CTT TGC TTA AAA AAA CAC AAA 48

ATC TTC TAA CAA ΑΛΤ CCT ΛΛΛ ΤΛΛ ΛΤΛ AGC CGT ΤΛΛ ATT AAC TAA ΑλΑ 30

ATT AAA AAA ATG GTT TTT CTT ATC AAC CAA AAT TCT CTA GTA ATA AAC 144

GCT TAT TTA TTT TTA TTT TTA GTC ATC TTT TAA GAT ATA AAT ATA TCT 102

TA A TAT TCT ATG ΑΛΤ AAG ΛΛΛ AGA ATC ATC TTA AAG ACT ATT AGT TTG 240
Mel Asn Lys Li a Arg He lie Leu Lys Thr lie Ser Leu 13

TTA CGT ACA ACA TCC TTT CTT AGC ATT GGG ATT TCT AGC TCT ATG TCT 288
Leo Gh Thr Thr Ser Plie leu Ser tie Gly lie Ser Ser Cys Mei Ser 28



25

ATT ACT AAA AAA GAC GCA AAC CCA ΛΛΤ ΛΛΤ GGC CAA ACC CAA TTA CAA 336

lie Thr L> s LI'S Asp Ala Asn Pro Asn Asn Gly Gin Thr Gin Leu Gin 45

GCA GCG VGA ATG GAG ΤΤΛ ACT GAT CTA ATC AAT GCT AAA GCA AGG ACA 384

Ala Ala Arg Met Glu Lou Thr Asp Leu lie Asn Ala Lys Ala Arg Thr 61

TTA GCT TCA CTA CAA GAC ’.AT GCT AAG ATT GAA GCT AGT TTA TCA TCT 432
Leu Ala Ser Leu Gin Asp Tyr Ala Lys lie Glu Ala Ser Leu Ser Ser 77

GCT TAT ACT GAA GCT GAA ACA GTT AAC ΛΛΤ AAC CTT AAT GCA ACA CTA 480
Ala Tyr Ser Glu Ala Glu Thr Val Asn Asn Asn Leu Asn Ala Thr Leu 93

GAA CAA CTA AAA ATG GCT ΛΛΛ ACT ΛΛΤ TTA GAA TCA GCC ATC AAC CAA 528
Glu Gin Leu Lys Mel Ala Lys Thr Asn Leu Glu Ser Ala He Asn Gin 109

GCT ΛΛΤ ACC GAT AAA ACG ACT TTT GAT ΑΛΤ GAA CAT CCA AAT TTA GTT 576
Ala Asn Thr Asp Lys Thr Thr Phe Asp Asn Glu Ills Pro Asn Leu Val 125

GAA GCA TAC AAA GCA CTA AAA ACC ACT TTA GAA CAA CGT GCT ACT AAC 624
Glu Ala Τ» r Lys Ala Leu Lys Thr Thr Leu Glu ' <1 Arg Ala Thr Asn 141

•CTT GAA GGT ΤΤΛ GCT TCA ACT GCT TAT ΑΛΤ CAG ATT CGT AAT AAT TTA 472
Leu Glu Gl) leu Ala Ser Thr Ala Tyr Asn Gin lie Arg Asn Asn Leu 157

GTG GAT CTA TAC AAT ΑΛΤ GCT ACT ACT TTA ΑΤΛ ACT AAA ACA CTA GAT 720
Val Asp Leu Tyr Asn Asn Ala Ser Ser Leu lie Thr Lys Thr Leu Asp 173

CCA CTA ΛΛΤ GGG CCA ATG CTT TTA GAT TCT ΛΛΤ GAG ATT ACT ACA GTT 768
Pro Leu Asn CD Gl) Mel ten Leu Asp Ser Asn Glu lie Thr Thr Val 189
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ΛΛΤ CGG ΛΛΤ ATT ΛΛΤ ΛΛΤ ACG TTA TCA ACT AIT AAT GAA CAA AAG ACT 816
Asn Arg Asn lie Asn Asn Thr Leu Ser Thr lie Asn Glu Gin Lys Thr ?"5

ΛΛΤ GCT GAT GCA ΤΤΛ TCT ΛΛΤ AGT TTT ATT AAA AAA GTG ATT CAA AAT 864
As ιι Ala Asp Ala Lou Ser Asn Ser Phe lie Lys Lys Val lie Gin Asn 221

ΛΛΤ GAA CAA AGT TTT GTA GGG ACT TTT ACA AAC GCT ΑΛΤ CTT CAA CCT 912
As η Glu Gin Ser Pho Val Gly Thr Phe Thr Asn Ala Asn Val Gin Pro 237

TCA AAC TAC AGT TTT GTT GCT TTT AGT GCT GAT GTA ACA CCC GTC AAT 960
Ser Asn T>r Scr Pho Val Ala Phe Ser Ala Asp Val Thr Pro Val Asn 253

ΤΛΤ ΛΛΛ TAT CCA AC Λ AGO ACC GTT NNN ΛΛΤ GGT GAT GAA CCT TCA AGT 1008
T,r 1, VS T) r Ala Ar 8 Air Thr Val Xan Asn Gli Asp Glu Pro Ser Scr 269

AGA ATT CTT GCA AAC ACC ΛΑΤ AGT ATC ACA GAT GTT TCT NNN ATT TAT 105G
Α Π! lie Leu Ala Ash Thr Asn Ser lie Thr Asp Val Ser Xaa lie Tyr 285

AGT ΤΤΛ GCT GGA AC Λ AAC ACG AAG TAC CAA TTT AGT TTT ACC AAC TAT 1104
Ser Leu Ala Gl y Thr Asn Thr Lys Tyr Gin Phe Ser Phe Ser Asn Tyr 301

GCT CCA TCA ACT GGT TAT TTA TAT TTC CCT TAT AAG TTG GTT AAA GCA 1152
Gl) Pro Ser Thr Civ Tyr Leu Tvr Phe Pio Tyr Lys Leu Val Lys Ala 317

GCT GAT GCT AAT AAC GTT GCA TTA CAA TAC ΛΛΛ TTA ΑΛΤ AAT GGA AAT 1200
A!a Asp Ala As n Asn Val Gly Leu Gin Tyr Lys Leu Asn Asn Gly Asn 333

GTT CAA CAA GTT GAG TTT GCC ACT TCA ACT AGT GCA ΛΑΤ AAT ACT ACA 1248
val Gin Gin Val Glu Phe Ala Thr Ser Thr Ser Ala Asn Asn Thr Thr 340

GCT ΛΑΤ CCA ACT CAG CAG TTG ATG AGA TTA AAG TTG CTA AAA TCG TTT 1296
Ala Asn Pro Thr Gin Gin Leu Met Arg Leu Lrs Leu Leu Lss Ser Phe 365
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TAT CAC GTT ΤΑΛ GAT TTG GCC AAA ACA CAA TCG AAT ΤΛΛ GTG TTC CAA 1344
Tyr Gin Val sss 369

CGG GTG AAG GAA AT A 'TGA ΑΤΛ AAG TTG CGC CAA TGA TTG GCA A 1387

10

15

(2) Information on Sequence No. 2
(i) Characteristic of Sequence

(A) Length of sequence! 32 base pairs
(B) Type of sequences nucleic acid
(C) Number of strands single strand
(D) Topology! linear

(xi) Indication of sequences Sequence No. 2 
TACGTTCTTCCTGGCAAACCTTACCACTACTT

(3) Information on Sequence No. 3
(i) Characteristic of Sequence

(A) Length of sequences 21 base pairs
(B) Type of sequences nucleic acid
(C) Number of strands single strand
(D) Topologys linear

(xi) Indication of sequences Sequence No. 3
CTACAAAGAACCTAAATATCA
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WHAT IS CLAIMED IS:

1. A substantially pure protein capable of 
reacting with Mycoplasma qallisepticum immunized serum 
or Mycoplasma qallisepticum infected serum, having a

5 molecular weight of about 40 kilodaltons encoded by DNA 
sequence derived from Mycoplasma qallisepticum and 
having restriction enzyme map shown in Fig. 1, or a 
protein functionally equivalent thereto.
2. A protein according to claim 1 which has an

10 amino acid sequence shown by Sequence No. 1, or a
protein functionally equivalent thereto.
3. DNA sequence encoding substantially the entire 
protein according to claim 2.
4. A recombinant vector in which DNA fragment

15 according to claim 3 is incorporated.
5. A host transformed by a recombinant vector 
according to claim 4.
6. A vaccine for Mycoplasma qallisepticum 
infection comprising as an effective ingredient a

20 protein according to claim 1 or 2.

t-
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ABSTRACT

A highly effective vaccine for Mycoplasma 
qallisepticum infection utilizing a substantially pure 
protein capable of reacting with Mycoplasma

5 qallisepticum immunized serum or Mycoplasma
qallisepticum infected serum, having a molecular weight 
of about 40 kilodaltons encoded by DNA sequence derived 
from Mycoplasma qallisepticum and having a specific 
restriction enzyme map, or a protein functionally

10 equivalent thereto.

t
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