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1–1.  

(36) 

(43) 

50

40

3

 (37)

: Invasive

 

1993  ( )

1995 2002

3

 (31) 10  (COP10) 

2012 2012–

2020

 ( : Invasive alien species)

 ( )

2005 25

 (33) (Herpestes auropunctatus) 2005



2 
 

1  

(Herpestes javanicus) 

2005

2013  (33, 38)  

 

11–2.  

 ( ) 

 (

) 

 (58)

76

 (6, 25, 26, 

56)  

1910

10

 (73, 78) 1979

 (80, 81)

 (57, 77)  



3 
 

 (Pentalagus furnessi)

 (Diplothrix legata)  (Erithacus komadori) 

 (Japalura polygonata) 

 (61, 63, 78, 81)

 (Gallirallus okinawae)  (

)  (64, 65)

 (Leptospira)  (23, 27, 48, 51) 

  (20, 67)  

 

11–3.  

2000 2001

 (35)

 (S−T S−F ) 

1989

2000 2005

 (34)

 (60)

 (60)



4 
 

 (17, 54, 59, 60)  

 CPUE (Capture per unit effort; 100

) 2003 4.34 2016

0.02  (35)  2005

4.11 2017 0.04  (34)

 

 

11 4.  

 ( ) 

 (16, 41, 42, 45, 48)

 

(Porcine Zona Pellucida  PZP) GnRH

 (

SpayVacTM GonaConTM)  (25, 46, 49)

 (14, 

29)



5 
 

 

11 5.  

3 4  (ZP1 4) 

ZP3

 (2, 7)

 (72)

 

RNA RACE

ZP3  (55)

 (Mustela erminea)  (Canis lupus 

familiaris)  (Felis silvestris catus)  (Mus musculus)

 (Homo sapiens) ZP3

 ( 60.9% 60.9% 47.8%

17.4% 34.8% ) 2  (Peptide A

B; 19AA)  (53)

 (53)  

 

1 6.  



6 
 

 (

) 

 

 

 (   )

in vitro

-

 

 1  5 
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 1  

 

 

 2  

2

ELISA

 

 

 3  

 

 

 4  

 

 

 5  
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 2  

 

2–1.  

ZP3

2  (Peptide A B) 

 (55)

 (53)

2

ZP3

 

2 19

2 1

 (Sigma-Aldrich Japan )

2  

 

(Peptide A B) 

Peptide A B
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22–2.  

2–2–1.  

2  (Peptide A B) 

keyhole limpet hemocyanin (KLH) 

m-Maleimidobenzoyl-N-hydroxysuccinimide Ester; MBS

 (Sigma-Aldrich Japan K.K., Tokyo, Japan)

−30  2.6−2.8 

mg/ml Peptide A B

 81.5 %, 78.2 %  

 

2–2–2.  

9

 (

265−290 mm, 275−487 g)  (2001) 9

 (62)

 (L 230 mm × H 270 mm × W 600 mm) 2

9 3  (  n = 3) 

Peptide A A  (Group A: A-1−3) Peptide B B  (Group 

B: B-1−3) C  (Group C: C-1−3)  

 

2–2–3.  

2014 2 A B

150 μg/150 ml  (TiterMax® Gold, TiterMax USA

Inc., Norcross, GA, USA) 



10 
 

C

 (PBS) 2 4  (2 ) 

1 1 ml

 (10,000 rpm, 10 ) 

−80  

 (A-1 B-2) 

2

2 4  (B-2 2 ) 

 

 (0.5 mg/ ; ®

, , )  (0.07 mg/ ; ®, 

) 

 (0.35 mg/ ; ®, ) 

The American 

Veterinary Medical Association  (AVMA; 2007) 

 (3)  

 

2–2–4.  

Enzyme-linked Immunosorbent Assay (ELISA) 

-  (C3041, Sigma-Aldrich Co., St. Louis, MO, 

USA) KLH Peptide A B (100 μl; 

5 μg/ml) 96  (#3590, Corning Inc., Corning, NY, USA) 

1 200−300 μl/well 0.05% Tween®20 

(Sigma-Aldrich) PBS (PBS-T) 3 3  PBS (200 
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μl/well) 4 PBS-T 

(200−300 μl/well) 3 1 PBS  

(1:100; 100 μl/well) 1 PBS-T (200−300 

μl/well) 3 PBS HRP IgG  

(1:2500; 1 mg/ml; Bethyl laboratories Inc., Montgomery, AL, USA) 100 μl/well

1 IgG IgG

 (28) PBS-T (200−300 μl/well) 3

 (100 μl/well; TMB Substrate Regent Set, BD, Franklin Lakes, NJ, 

USA) 20 H2SO4 (1M) 50 μl/well

 (Model 680, Bio-Rad Laboratories, 

Hercules, CA, USA)  (450−655 nm) 

 (OD)  (SD) OD + 3 SD

 

 

 

22–3.  

2–3–1.  

A B

 ( 2-1)

A ( 2-1(a))

A-1 A-2 A-3 A-1 6 A-2

A-3 7 B

 (B-3 6 ) 

A ( 2-1(b)) B-
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2 B-1 B-3 B-2 6 B-1 B-3 7

 

 

2–3–2.  

2–3–1. Peptide A B A-1

B-2  (  2-2)

A-1 21

37 B-2 7 21  

2  ( 83 )

87  (B-2 85 ) 

 (  2-2)

A-1

2 B-2

 

 

 

22–4.  

2–4–1.  

ELISA Peptide A B

KLH

ELISA KLH

4

A

Peptide B Peptide A
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1 1

A

Peptide A

 

4 1  (7 ) 

 (A-1 B-2) 4

3

 

 

2–4–2.  

A-1 B-2 21 7

Peptide A

2

 (1, 5)

 (3−5 ) 1

 (62) 5

5
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Peptide A A-1

4 2
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22–5.  

1. 2

Peptide 

A

 

 

2. Peptide A

 

 

3. 
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2-1. A (a)  B (b)  

 ( 450 655nm)  

 

3

 (

3 )   
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2-2. A (A-1)  B  (B-2)  

 ( 450-655nm)  

 

 (

3 ) 
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 3  

 

 

3–1.  

Peptide A B  (ZP3) 

2

 

 (30)

 (30)

 (12, 46)  

 (21)
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33–2.  

3–2–1.  

2−2−3. 

4 

 

4 μm

 ( 4 μm)  

 

3–2–2.  (HE ) 

 (n = 4)  (n = 3) 

 (A-1 B-2) 4

10

 ( ) 1 10

 (

) 

 (AX70 OLYMPUS )  (DP-20

OLYMPUS) 
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3–2–3.  

 (pH 5.4)  (90 °C) 40

20 PBS 3  ( 5 )  (

) 3 % H2O2 15 

3 % BSA (A3590 Sigma-

Aldrich Co.) PBS  (100 μl/ ) 4 °C

3 % BSA PBS 50  (7 ) 

 (100 μl/ ) 1 HRP

A (1:1,000 100 μl/ ; ab7456, Abcam, Cambridge, UK) 

1 -

 (1:200, 100 μl/ ; Extravidin®, Sigma-Aldrich Co.) 

1 3,3’-  (DAB; Dako, 

Santa Clara, CA, USA) 1

 

 

3–2–4.  

3–2–3. 

 ( KLH

) 50 3 % BSA

PBS  (1:50) 

1
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3–2–3.  

 

 

33–3.  

3–3–1.   

A  (A-2 A-3) B  (B-1, B-3)  

(C-1, C-2, C-3) HE  3-1

 

 

3–3–2.  

 (  3-2) A A-2

 (  3-2b) A-1 A-3

 (  3-2a, c) Peptide B B  (B-

3)  (B-1, 2)  (  3-2d–f)

 ( )  (  

3-3)  

 

3–3–3.  

3–3–2. 

A-2 B-1

 (  3-4) A-2

 (  
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3-4a, b) B-1

 (  3-4b, c)  

 

 

33–4.  

3–4–1.  

ELISA

 (12, 21, 46)

 (18, 39, 68)

 (67)  

 

3–4–2.  

3 % BSA PBS
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 (19) A

IgG

IgG

 (2008) IgG ELISA

 (28) 2

IgG

A

 

Protein A
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33–5.  

1. 

 

 

2. 2

Peptide A A

 

 

3. 

 

 

4. IgG A
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3-1.  (HE ) 

 

 (A-1 B-2) 

a A-2 b A-3 c B-1 d B-3 e C-1  

( ) f C-2  ( ) g C-3  ( ) Bar 100 μm   
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3-2.  

 

 ( 4 μm) 

a A-1 b A-2 c A-3 d B-

1 e B-2 f C-3 g C-1  ( ) 

h HE Bar 50 μm
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3-3. A-2  

 

A-2

PF 1 SF 2 TF 3 GF

AF Bar 50 μm  

  



28 
 

 

3-4.  

 

A A-2 b A-2  ( ) c B-1 d

B-1  ( )  (a c)  (b d) 

Bar 50 μm  
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 4  

 

4–1.  

2

 ( 2 )

 ( 3 ) 

 (   )

 ( 1 )  

LH  (58)

4 9  ( 6 ) 7

2 7  (58, 62)
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 (eCG) 

 (hCG)  (9, 

13, 15, 24)  (Mustela 

putorius furo) eCG hCG

 (47)

 

 

 

44–2.  

4–2–1.  

2 3 2018 3

Ogura et al. (2001) 

 ( 33 ) 

2  

 

4–2–2.  

2017 2 2018 3

6  (  n = 3−5)  

(50−200 IU)  (S: short, M: medium, L: long) 50 IU (S) 

50 IU (L) 100 IU (S) 100 IU (M)  100 IU (L) 200 IU (L) 

 (3 ) 1 ml

 (eCG; ) 

0−200 IU eCG 48−72



31 
 

 (hCG;  3000 ) 

hCG 16−20

4-1 4-2  

 (Stemi DV4

) 

PBS

50 IU (L) 100 IU (L) 200 IU (L) 

 ( ) 

PBS

 

 

 

44–3.  

4–3–1.  (2017 2 ) 

 (eCG : 50 IU, 100 IU) 

4-3

eCG

 

( 4-1)  

 

4–3–2.  (2018 3 ) 

50 100 200 IU eCG 72 hCG

4-4

eCG



32 
 

100 IU (L) 1

100 IU (L) 200 IU (L) 

1

 

 

 

44–4.  

4–4–1. eCG–hCG  

eCG hCG

50 IU eCG

FSH eCG

eCG 48 hCG

eCG  (72 ) 

 (47)

hCG hCG LH

 (13, 15)

hCG

 (hCG ) 30–36

 (50) hCG  ( 20 ) 



33 
 

 (GnRH)  (8, 82)

 

1−4 2  (62)

 

 

4–4–2.  

eCG–hCG

hCG

hCG

25–36

2016 9

–

eCG hCG
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50–100 IU

eCG

 (47)
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44–5.  

1. eCG (50–200 IU) hCG (50–200 IU) 

hCG  

 

2. hCG  (25–36

)

  



36 
 

 

4-1.  

 

 (eCG) PBS

 (a : CTL- ) eCG  (b: 200L- ) 

 (32 )  

  



37 
 

 

4-1.  

 (mm)  (g)

eCG  (S: short, M: medium, L: 

long)  

 (mmm))  (gg)

50S 290 372
50S 280 427
50S 270 356
50S 280 326
50S 270 380
50L 285 441
50L 290 439
50L 290 408
50L 270 289
50L 285 449
100S 290 448
100S 295 386
100S 290 457
100S 300 447
100S 270 361
100M 300 399
100M 290 367
100M 300 423
100M 300 420
100M 290 389
100L 270 337
100L 280 399
100L 275 386
100L 290 403
100L 275 381
200L 285 313
200L 295 342
200L 285 404
200L 275 349
200L 300 367
CTL 290 360
CTL 285 349
CTL 300 420

100 IU (L) 

200 IU (L) 

50 IU (S) 

50 IU (L) 

100 IU (S) 

100 IU (M) 
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4-2.  

eCG  (S: short, M: medium, L: long) 

 

  

550 IIUU  ((SS))  50 48 100 16

50 IIU  (LL)  50 72 50 20

100 IIU  (SS)  100 48 100 16

100 IIU  (MM)  100 48 100 20

100 IIU  (LL)  100 72 100 20

200 IIU  (LL)  200 72 200 20

0 48 0 20

eCG (IU) hCG (IU) (h)  (h)
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4-3.  

 ( ) 

eCG  (S: short, M: medium) 

 

  

50S 9

50S 12

50S 6.5

50S 5.5

50S 10

100S 14

100S 11

100S 3

100S 3

100S 11.5

100M 16

100M 0

100M 1

100M 7

100M 8.5

550 IU (S) 

100 IU (M) 

100 IU (S) 
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4-4.  

 ( ) 

eCG  (L: long) 100IU 

(L) 1  (100L ) 

 (100L , 200L , CTL ) 

 (ND: no data)  

  

50L 17.5

50L 16

50L 11.5

50L 12.5

50L 20

100L 19.5

100L ND

100L 13

100L 5 ( : 1)  ( 1 )

100L 18.5

200L ND

200L 17.5

200L 9.5

200L 14

200L 18.5

CTL 0.5

CTL 0

CTL ND

1100 IU (L) 

200 IU (L) 

50 IU (L) 
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1   

 

ZP3

2

 

 

1. 2

Peptide 

A

Peptide A

 ( 2 ) 
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2. 

2

Peptide A

A

IgG A

( 3 ) 

 

3. eCG (50–200 IU) hCG (50–200 IU) 

hCG

hCG  (25–36 )
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2  

 

 

 

1.  

2

 5-1 ELISA

A-1 ELISA

2

A A B

A

ELISA
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(30)

 (21)

 

 

2.  

in vitro
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3.  

 (53)

 

 

4.  

 ( ) 

 (69)

 (69, 71)

 (40, 68, 79)
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 (4)

1

1

1

 (34, 35)

 ( ) 

 

 

5.  

 (70)

 (

10, 75, 76)

(  )

 (32)

(11, 44, 76)
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5-1.  

+++ , ++ , + , , , ND  

Group C ( ) Peptide A, B

 ( )   
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The Study of an Immunocontraceptive Vaccine 

 on the Small Indian Mongoose (Herpestes auropunctatus) 

 

KUNINAGA, Naotoshi 

 

In Japan, various non-native species have been reported to impact native ecosystems. To 

deal with these, especially, invasive species, the Ministry of the Environment has 

introduced a law, the Invasive Alien Species Act, and has proceeded to designate some 

non-native species as “invasive alien species”. The small Indian mongoose (Herpestes 

auropunctatus) was introduced to the Japanese islands; it has heavily impacted Japan’s 

biodiversity. Population control has been attempted by capturing these organisms, but its 

efficiency has rapidly declined. Therefore, new additional methods for controlling this 

invasive species are required. Thus, immunocontraceptive vaccines, which act in a species-

specific manner, have been focused upon. In previous studies, the amino-acid sequence of 

the mongoose ovum zona pellucida protein 3 (ZP3) has been decoded and two types of 

synthetic peptides (A and B) have been produced. In this study, these peptides have been 

evaluated with regards to their immunogenicities and sterility effects on mongooses. 

 Peptides A and B were administered to the mongooses four times at an interval of two 

weeks and the sera were collected to verify their immunogenicity using ELISA. Sera from 

the peptide-treated mongooses showed increased antibody titers according to the 

immunizations; these increases were marked, especially in Peptide A-treated mongoose 

sera. The antibody titer of one of these peptides lasted for at least 21 weeks. However, the 

induction of robust immune memory was not observed. Considering the mongoose 
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breeding season, a single immunization by a vaccine lasting approximately five months 

would be applicable to keep the antibody titer elevated for the whole breeding season. 

Meanwhile, reinforcing the antigenicity and/or improvement of the antigenic agent have 

been cited as accessory assignments.  

 Furthermore, the sera from treated mongooses were tested for their antigen recognition 

capacity by IHC. As a result, the antigen-antibody reactions against the endogenous 

mongoose ZP were observed in all the serum samples from treated mongooses, especially 

in those from mongooses treated with Peptide A. In addition, IHC revealed that the 

immune sera obtained after treatment with each peptide showed a marked reduction in 

reactivity, which indicates the specificity of the induced antibodies. These results 

suggested that Peptide A was a potential antigen, inducing autoantibody production in 

mongooses.  

 Next, experiments for examining superovulation in the mongooses were performed to 

evaluate the sterility effects of the peptides. After hormone (eCG, followed by hCG) 

treatment, superovulation was not observed in mongooses from any of the treated groups, 

but their follicles had swollen notably. Shortages of hormone application time and/or 

optical stimulation are the suspected causes of these results. 

 This study verified that the synthetic peptides developed are useful as antigenic 

candidates for immunocontraception in mongooses. On the other hand, the actual sterility 

effects of the peptides remain unknown; these should be verified. Moreover, there are 

many tasks to be performed before the practical application of these agents (e.g. sperm 

collection, oral immunization, and eventual field application etc.). However, once this 

approach of population control of non-native species will have been established, the status 

of invasive species in the world may change drastically. 

 


