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Aeromonas hydrophila is the most common water fish pathogen and cause diseases such as hemorrhagic
septicemia, dropsy, ulceration and asymptomatic septicemia. A. hydrophila secretes many extracellular
products (ECPs) which contribute to effective infection, wide distribution and great adaptability to en-
vironmental changes. Crude ECPs of A. hydrophila CK257, a strain used in this study, exhibits a toxic
activity to the animals including mouse, rabbit and fish. Toxic symptoms were indicated by tissue
damage and skin injuries in animal. When ECPs were subcutaneously injected to animals, skin dam-
ages were observed, appearing like necrosis. Preliminary research demonstrated that the active factors
are protein component. The crude ECPs were collected after ammonium sulfate precipitation of
cell-free culture supernatant. ECPs were fractionated with the use gel filtration chromatography. Five
ECP fractions were obtained, of which one fraction was found to be toxic to goldfish. MALDI-TOF
analyses provided two interesting proteases called M35 and M28. Both M35 and M28 are known as
metalloprotease. Accordingly, proteins in an active fraction exhibited caseinolytic activity. These pro-
teins were difference of caseinolytic activity under different metallic ions. Also active fraction has elas-
tolytic activity. These results suggested that peptidase M28 and M35 may be a candidate factor for
tissue necrosis activity about infection with A. hydrophila.
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Fig. 1. Pathology of infection with A. hydrophila CK257 and
crude ECPs of A. hydrophila CK257. Goldfish and BALB/
c are infected with A. hydrophila CK257 and crude ECPs
of A. hydrophila CK257 by subcutaneously injection. (A),
(D) Negative control of infection with PBS; (B), (E)
Goldfish and BALB/c are infected with 1.56x10° CFU/
100 ul A. hydrophila CK257; (C), (F) Goldfish and BALB/
c are infected with crude ECPs (40 ug) of A. hydrophila
CK257.
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o ¥ol BEs AT & AN (Fig. 2). 30~60/ =9
Table 1. Tissue destructive activity by crude ECPs

Number of .
Samples concentration Activity
Cell-free culture supernatant 1x
Amicon (centrifugal filter units) 40x +
concentration
Treatment Activity
Heat (100C, 10min) -
Chloroform extraction -
Precipitation Activity
Acetone (50%) -
Ammonium sulfate (80%) +

The fractionated ECPs were subcutaneously injected to goldfish,
skin damages were observed.
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Fig. 2. Precipitated protein profiles depending on the various
concentration of ammonium sulfate. The crude ECPs
were fractionated by ammonium sulfate under various
concentration. Crude ECPs prepared from A. hydrophila
CK257 grown M9 media were subjected to SDS-PAGE
analysis on 12% polyacrylamide gel. Separated proteins
were precipitated according to the ammonium sulfate
concentration and visualized by Coomassie staining.
Lanes; 1, crude total ECPs (20 ng); 2, 3, 4, 5, 6 and 7,
ECPs were precipitated to 30%, 40%, 50%, 60%, 70% and
80% ammonium sulfate concentration (5 ng).
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Table 2. Tissue destructive activity of ECP fractions separated
by differential ammonium sulfate precipitation

Ammonium sulfate concentration (%)
30 40 50 60 70 80

Protein 30 - - - - - -
amount 40 - + + + - -
(ug) 50 - + + + ++ -
60 - ++ ++ ++ ++ -
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Table 3. Tissue destructive activity of ECP fractions

Fraction 1 2 3 4 5

Necrosis activity - + + + -

The fractionated ECPs were subcutaneously injected to goldfish,
skin damages were observed.

The fractionated ECPs (40 ug) were subcutaneously injected to
goldfish, skin damages were observed.
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Fig. 3. The crude ECPs fractionated by gel filtration chromatography. (A) Gel filtration chromatography on HiLoad 16/60 Superdex
200 prep grade (120-124 ml, GE, USA) using an AKTA FPLC (GE, USA). 5 ml crude ECPs were applied to the column,
which was eluted with size at a flow rate of 1.5 ml/min. Peak 1, 2, 3, 4 and 5 were collected. (B) SDS-PAGE analysis on
12% polyacrylamide gel. These proteins were visualized by silver staining. Lanes; SM, molecular mass markers (values at
left are in kilo-daltons); T, toal lysate of A. hydrophila CK257; ECP, crude ECPs of A. hydrophila CK257; 1-5, Peak 1-5.
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Expect: 1.7 Makches: 6

Expact: 2.3 Matches: 6

11/14 matches (34%)

Acc.#: 005327360

Species: Aeromonas media/Aeromonas hydrophila
Name: Peptidase M28

MW: 42250 Da pI: 5.55
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peptidase M35 [AeTomeonas hydrophila]
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pepridase M35 [Aeromonas hydrophila]
1]516393637 Mass: 37483 Score: 71 Expect: Z.1 Matches: 5
peptidase M35 [AeTomeonas hydrophila]
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pepridase M35 [Aeromonas hydrophila]
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pepridase M35 [Aeromeonas sp. MDSE2]

Mass: 15780 Score: 67 Expect: 5.2 Matches: 4
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ingle-stranded DNA-binding protein [Leifscnia sp. 103]

17354637 Mass: 47333 Score: 61 Expect: 18 Matches: S
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7/9 matches (27%)

Acc.#: 017785937

Species: Aeromonas hydrophila
Name: Peptidase M35

MW: 437479 Da pl: 5.24

Fig. 4. Identification of the secreted proteins expressed in A. hydrophila CK257. Profiles obtained from MALDI-TOF analysis were
presented. Mass informations of peptide fragments digested by trypsin were used for data mining (shown in the middle
panel) from A. hydrophila database (WP_017785937). Database-searching result was presented in the box panel. (A) The 32
kDa protein is Peptidase M28 which is in fraction 3 by gel filtration chromatography (Fig. 3B). (B) These 9, 13, and 19
kDa proteins are Peptidase m35 which were infraction 3 by gel filtration chromatography (Fig. 3B).
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Fig. 5. Caseinolytic activity of A. hydrophila CK257. A. hydrophila
CK257 and fraction of ECPs were injected in 2% skim
milk agar plates. The plates were incubated for 6 hr at
37C Caseinolytic activity was determined by comparing
to a clear zone. (A) Negative control, PBS (B) Positive
control, Trypsin 0.3 mg (C) A. hydrophila CK257 2.54x10
CFU/10 ul (D)-(F) Proteins in fraction 1-3 obtained from
gel filtration chromatography (Proteins in fraction 4, 5

has no caseinolytic activity, data not shown) Caseinolytic
activity was observed in triplicate.
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Fig. 6. Effect of metal ions on the caseionolytic activity. Fraction
3 of ECPs treated metallic ions were injected in 2% skim
milk agar plates. The plates were incubated for 6 hours
at 37C. The activity was determined by measuring the
diameter of clear zone according to diverse metallic ions.
Control was not treat metallic ions. Caseinolytic activity
was observed in triplicate.
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Fig. 7. Elastolytic activity of A. hydrophila CK257. A. hydrophila
CK257 and elastase were injected in 1% elastin agar
plates. The plates were incubated for 18 hours at 37C.
Elastolytic activity was determined by comparing to a
clear zone. (A) Negative control, PBS (B) Positive control,
Elastase 10 ng (C) A. hydrophila CK257 1.84x10" CFU/10
ul (D) Elastolytic activity of ECPs were measured using
elastin-Congo red as a substrate, as described in Mate-
rials and Methods. Positive control, Trypsin 3 The degra-
dation of elastin was elucidated by the increase of optical
density at 450 nm. The experiments were performed in
triplicate.
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=2 X7 1A} &ME XY Aeromonas hydrophila 8 &H| THERQ| Zist o7

Aeromonas hydrophilax 53 A o] £3] EA)st= %‘*Uﬂiﬁ %f‘é"é HdF, +%, AF 9 28 g
A. hydrophilas 349 23 g3 AN 2 7] 43 & 4 (Bxtracellular products, ECPs)&
2oy, £ ATl A AHES A hydrophila CK257-& UH-?‘ =40 7 "‘_ﬂ 52 o] |3l ECP 94| #, E7],
T E EFY TE RdoA 23 &4 4o S EA oY A ihEE Yo A 2 aE
27) flell ECPY SA4& A8 1 43, 4 247 edolgts A& &ste] olF dd Ze] 3 A
Aol 24& gyo] 48E AYaAet. ¢AS AAT W o ¥ @8 2E &7] Y3k ammonium sul-
fate AW & AHE3IH L, o & A AZ7] Z2vtE DY I (Gel filtration chromatography)E ©] &3t T4 &
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AT A F A2 gAY Bos YA o F & 9 Hpjo] = 2 Jareh 2L 9t
e 471 AL AT A4 E4E 7H £9 9 29l 479 MEE MALDITOF A28 < 53
43 A7, Peptidase M359} Peptidase M28=Z 35 oW o] &2 72t7t 54 %] & A (metalloprotease) ¥ &
A = AT Peptidase M359} Peptidase M289] ¥l d ol AAEMN 9| 7]5E sty s 74AQl &3
2 FAsA L, BT 55 ol L& At wet I o] GetA e Ae BET 5 AT = 24
EAsts g Ao & 7 dekxE(elasting £ol 5 HA s Byt & AFolAM e A hydrophilaZt £
v =4 72 24 JA 4 & Yo7 e AoRE FHHE Peptidase M35¢} Peptidase M289] 7 7HA JIAHE
glste] EAAY. ofF F A AAE AE A EAWO|FE T 2F HAatd o] 5o] AHHo R
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