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Antimicrobial Activity of Basic Peptides extracted
from Salmon Roe with Hydrochloric Acid

Kazuhiko Nozaki!, Toshihide Matsudo?, Tomoyoshi Nakajima'!, Mizuo Yajimal,
' and Koki Yokotsuka?

Asama Chemical Co.,Ltd"., Institute of Enology and Viticulture, Yamanashi University?
Abstract

Basic peptides were extracted from salmon roe with dilute hydrochloric
acid, The peptides were separated into four fractions by Sephadex G —25 chrom-
atography. Each of the fractions was further separated by Sephadex G —50, G—
25, or.G—15 chromatography, and ten basic peptide fractions with different
molecular weights and amino acid compositions were obtained, An intact
protamine fraction was not contained in the extract, The antimicrobial activity
of the fractions obtained was tested with microorganisms found commonly in
foods. Of these fractions, those eluted early on Sephadex chromatography had
appreciable antibacterial activity, while those eluted late had the highest activity :
the fractions eluted in the middle of the above fractions had little activity, The
results suggested that the complete structure of protamine was not needed in
order to reveal its antimicrobial activity, and certain specific amino acid sequences
contributed to the activity,
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Fig. L. Fractionation of aeid.éxtract from salwmon roe
by Sephadex G-25 chromatography.
The extract (10 g of peptide lyophilizate) was

disgsolved in 40 m! of 0.0L N HC! and filtered thrbugh a

membrane filter (0.45-micro m). TheAsqutivn was ‘applied to

a column of Sephadex G-25 (5 X 90 cm) followed by 483 ml
water. The peptides were eluted from the columh with 0.01 N
HC! at & flow rate of 40 ml/h. Fractlon§ of 15 ml were
collected and aliquots of 0.1 ml véro\uséd for determ;ning
‘the elution vrofile by the ninhy&rln method. fhe elution
profile was also drawn by ‘measuring the absorbapce at 280

nm. The same chromatogruphy was repeabed 7 times.
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\ Fig.- 2. Sephadex G-50 chr‘omatogruphy of fraction l and

fractions sc::parated f rom fra.ction ’1. -‘ :

_The conditious were the same as giver; for Fig. 1.

2.1 g of fraction 1 (Fig. 1), 0:36 g of fraction i-{

separate_d ‘in (a), 0.16 g of fractlon 1—1- ssparsted in (b)

. 0.11 g of fraction 1~1-2 separuted} in (b), 0.58 g of

. fraction §-2 separated in ('&), and 0.866 g of ‘fraction I-3
separated in (a) were dissolved in 40 ml of 0.01 N HCI ‘and
applied, to the colunm The elution prof“es were druwn after

elutxng with 515 ml of 0 01 N HCl ln (a),

nl in (ec),. 540 ml in (d), 585 ml in (e}, and 780 ml in (f)}.
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T g of fraction 3-1 (d), and 7.17 g of fraction 3-2 (&) were

. separated in (a) and 1.13 g of fraction 2-2 (a) were
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Fig 3. s'epbadax G-25 chromatogruphy of fractions 2 and .
3 and fractions separated from the two fractions.

3. 27 g of fracticn 2, 178 of !raction 3 (Figa 1), 4.14
diséolved in 40 ml of 0.01 N HCI. 4.28 g of fraction 2-1

dissolved in 8 ml of 0.01 N HCl. The sample solutions were
applied to.a column of 5 X 80 em (a, d, e, £) or & column of &
2 X 107 ¢m (b, c). The ‘elution profiles were drawn after
eluting with 440 ml (a), 180 ml (b), 150 m1 (c), 495 ml (a),
620 wi (e}, and 450 ml (f) of 0. Ol N l-ICl ‘The other =

conditions were the same as given in Fig. 1.
e .

B4y 2 14, Sephadex G-252 o< ko5
TA—TERHTBE, 2-1&2- 205 |
DT (Fig. 32) \ LA S ACHU2Y
BHUENENRIEOE -2 123 5 2 LN TEL
#ot(ﬁgsb&SC)ou\S%i&ﬂLﬁ
3—1&3—2@~0®t—



BETH LIS LA AT T COREE 9

-t
o

Ninhydrin (570nm)
]

(-]

Fractlon No. (15mL) ‘
!
Fig.' 4. Sephadex G-~15% chtomatugéaphy of fraction 4. )
10 g of fraction 4 (Fig.. .‘1) was dissclved in- 20 ml of
.01 N HCL and applied to a column of 3.5 X 80 cm. The
elution profile ;asb drawn after eluting with 204 ml (.Jf 0.01

M HCL. The‘other conditions were-the same as given in Fig.
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Table 1. ‘Yield of peptide fractions separated
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vTable ‘2 Amino acid composition of Salmin Al and
Salmin Al, extract from salmon milt, and-pepiide

fractions separated from the extract.

Amino Salmin Salmin Salmon

Fractions
X B . . acid All Al . roe 1-1-1 1=1-2 1-2 1-3
from 70 g of acid extract of salmon roe. ' . extract :
) . ‘ . (mole %)
by Sephadex chromatography. .
. . Agp 0.16 1.70 -1.50 0.79 6.27
“otide “vield Recovery T T . : 0.14 . 1.01 0.93 0.41 trace
?riction (%) (%) Ser 12 11 7.18  8.26. 7.78 7.68 . 6.88
. . Glu . 1.18 3.68 ©3.24 1.78 0.89
1-1-1 g-gg‘ g-g; ' Pro - 9 9 . 9.39 8.68 13.42 8.84 - 7.76
1=-1-2 . ‘ ..o Gly 6 6 6.90 4.08 4.05 3.03 10.25
1-2 0.40 0.57 Ala 3 ., 1.70 ° 0.88 0.85  0.53 0.40
1-3 0.37 0.53 val ) 6 4.41  5.59 5.75 4.17 Q.85
. Met "trace ‘trace trace trace trace
-1 2.74 3.91 ) , o
22 0.85 1.21 Ile 3 1.13 . 1.86° 1.95 1.38 0.24
Leu K 0.14 1:41 1.27 0.68 trace
oy 3.29 1.70 - Tyr . trace 0.45 0.29 trace trace
32 5.09 .. - 8.70 Phe . trage 9.28 trace trace trace
. ks . L)
g . Lys 0.05  5.38  5.49 2.18 0.39
41 1.38 . - 1.97 His ’ trace 0.41  0.31 trace trace
4-2 23.68 ¥ o 33.82 Arg 767 69 67.58 - 56.32 53.23 68.55 '72.29

Total. 39.29 © B6.11

zicsmnii (Figo 3d) ., %ﬂ%n@ E=-s%
R USephadex G —2549 ATHIFZEZN
Th—oDE—7&lio7 (Fig. 3e &3 1),

E 43 4 i3, Sephadex G -157o0<% 75
T4 —TCHER_>ODE=7, 4-1 <‘: 4 — 2125
i,

LU 10D E4 \ODHRE&:W$’5:Table1 ﬂ“LLo
GTEBNAKEVWEEZSNAENL -1 — 1~1-—
3ONBIEHEIEL  ATESRL/NSVEED
NBES 4 - 2R HEZEITE LN, RO THEN
kﬁ?g#$é“&%é%néﬁﬁ3—2#§§h
&S h i,

ERTF FESO7 I/ BERK :

Table2 Ic 708 3y (FL I VANESILT v
A1) OF 3/ BMER'S OXEE. AR THED

Amino

Table 2 (continued).
)

. Fractions

acid 2-1 .. 2-2 3-1 3~-2 4-1 4-2

’ (mole %) . ’
Asp 0.29 0.12 trace trace trace .trace
Thr 0.20 trace trace = trace trace ‘trace
Ser g.71 9.29 6.72 2.75 6.23 6.72
‘Glu 1.13 1.22 0.53 0.39 1.29 0.86
Pro- 10.12 6.44 9.68 4.34 11.65 10.25 .
‘Gly 9.91 19.51 6.50  11.51 2.87 5.09
Ala 2.66 0.85 1.85 0.51 .78 . 0.30
Val 0.95 0.30 3.58 0.81 7.28 5.75
Met trace trace trace Q trace trace
Ile - 0.32 0.09 1.16 0.40 . 1.77 1.33 -
Leu 0.14 trace trace trace trace trace-
‘Tyr trace trace trace 0 0 0
Phe trace trace trace i3 0 ’ 0
Lys '0.17 trace 0.61 . 0.23 /2.50  1.06
His ' trace trace trace trace trace trace
Arg. 64.42 62.19 69.38 79.07 64.63

70.64 .
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“Table 3. anhydun culor values .at 570 nm before and
! a.fter alkalxne hydrolyszs of salmon roe extt&ct and

; pepbtde tractlons .

Ninhydrio color

Fractions ~ Sample. Ratio,
weight(g)/ values at 570 nm B/A
\ Water
volume (ml) before after’
o alkaline .. alkaline
hydrolysis hydrolysis
(ay . (B)
Salmon 2.3mg/6.9ml 0.061 1.294 . 21.2
protamine . : .
» Salmon milt 1.3mg/3.9ml ' 0.433 1.784 4.1
extract . .
=1=-1 1.0mg/3.0ml 0.170 0.686 4.0
=1=2 0.9mg/2. mml a.180 0.744 4.1
-2 1.0mg/3.0ml ©0.333 1.150 3.5
-3/ 1.2mg/3.6ml '0.996 1.702 1.7
-1 1.4mg/4.2m1  0.708 ' 1.828 2.6
-2 ¢.9mg/2. Tml -1.347 . 2.200 1.6
~1 0:7mg/2.1ml 0.554 1.774, 3.2
-2 0.9mg/2. Tml 0.857 ° 2.150 2.5
-1 1.3mg/3.9ml 0.344 1.358 3.9
-2 © 1.0mg/3.0ml  0.355 T 1.652 4.7
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Table 4. Estimation of molecular weights of peptide

. fractioms by Sephadex G-25 chromatography.

Fraction Molecular Fraction Molecular
weights weight
1-i-1 >4200 2=2 650
1-1-2 ‘ i>4200 3-1 N 2000, 800
1-2 3800 3-2 1300
1-% 900 - 4-1 >4200
s 2wy 800 1-2 2800

532 (7

Z T, AH

1 Cytochrome C

10 2 Protamine sulfate
3 Vitamin B12
4 Glutathione (Oxidized)
5 Giutathione (Red.lced)
© NaN,
i 10°1
[
2
-
L]
£ |
s 10 6
10' — ;
100 200
. Elution volume (mL)
‘Flg. SAV Relationship between elution voiumgs of etandard

. proteins on Sephgdex G-25 and their molecular weights.
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Fig. .6. ‘Antimicr,obia‘l activity of pe;;tide frgctions
'towanis Bacillus gug'tili_s_.»

‘ ‘Eaeh fraction was a;!ded ‘to give a conce}ztrablon of
0.05% (w/v) to a nutrien\t broth cbnsiéting of tryptone 1./7%,
p\eptor;e 0.3%, glucose 0.28%, KHéPO; 0.25%, and NaCl 0.5% -in.
deionized water (pH 6.0). The. initial number of cal_[s per
milliliter in each c.uvlture was 104 to 108, _The .
czvmcentr}at.»ion,s of miérobia! cell suspensions in bculture
broths were estimated by measuring the turbidity with a

Corona, model UT=11, turbidimeter.

~-¥ - Control, —A - Salmon roe extract (a); -0~ Fraction 1~

1-1 (a); ~@ = 1-1-2 (a}; -0 1-2 (a); ~M- 1-3 (a); ~O- 2-

1 (b); ~@- 2-2 (b)i ~0~ 31 (c); -~ 3-2 (c); —O— 4-1 -

N

(d):"-@= 4-2 (d).

Bl R R - R

(units)

A A A
S m—

0 4 8 16 20 24 46
Cultivation time (h)

Fig. 7. Antimigrobial activity of peptide fractions
towards Escherichia coli. , ’
Eéch fraction was added to élve ; Eoncentrutlon »of
0.1% (w/v) to the nqﬁrient broth. The other conditlons were
the same as given _m Fig. 6. !
=X cOx}t.rcl. ~& - Salmon roe éxtrabth(a); -0 - eractioni 1~
C11 (a)i -@ - 1-1-2 (a):; -G~ 1-2 (a); - M- 1-3 (a); O 2-
1 (b); -@- 2-2 (b); ~O~ 3-1 (c}); —@- 3-2 (¢); -0~ 4-1

(d); @ 4-2 (d). 7 . s
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Fig. 8. Antimicrobialvactivity ‘of peptide fractions

towards Entergbacter serogenes.

The conditions were the same as given in Fig. 6.

~X~- Control, - A- Salmon rce extract (a); -O- Fraction 1-

i1 (a); -@- 1-1-2 (a}; -O- 1-2 (a); -W~ 1-3 (a); =0~ 2~
1 (b); ~@- 2-2 (b); =0~ 3-1 (ec); ~@®--3-2 (c); ~0- 4~1

{d; ~@~ 4-2 (d).
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Fig. 9. . Antimicrobial activity of peptide fractions

towards Staphylococgus aureus.

-X=- Conirol. ~A - Selmon roe extract (a); -0 - Fraction 1~
1-1 (a); —Q; 1~1-2 (a); -0~ 1-2 (a); —~@- 1-3 (a); -0~ 2-
1 (b); ~®- 2-2 (b): ~O~ 3-1 (c); -@— 3-2 (c); —O= 4=1

(d); -@- 4-2 (d).

The concentration of the fractions added to the broth

) was 0.005% in (a) and (d}, and 0.001% in (b) and {c).
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Antimicrobial activity of peptide fractions

0 4 8

Fig. 106.
towards Lag];gbsci‘]lug,!p}_g&gg_m. N
~A - Salmon roe extract (a); —O- Fractiop 1-

-0~ 2-

~ X - Control,

1‘.-1 (a); -@~ 1-1-2 (a); —o"- 1-2. (a); -@ - 1-3 (a);

1 (b); ~®- 2-2 (b); 0= 4-1 -

-0-3-1 (c);v—.~’3¥2 (c};
? ; Lo
vl v . .
(d); ~@- 4-2' (d).
- ‘The concentration of the fractions added to the broth
and 0.001% in (e).

wasg 0.005%41:1 (a), (b), amd (d),

FHES OHEHE

CBATHEMRO AL F AL O R ST
7 4 —THBIL 71085 DR &2 DMAEMIH T 250
B RBROGEEFig. 6 (B.subtilis) . Fig. T
(E.coli) . Fig. 8 (E.aerogenes) . Fig 9
(S.aureus) | Fig.10 (L.plantarum) 7R Lo
Fig, 11c 3 L3 5 BOBMAEYICH 3 AT

ﬁ%\ﬁﬁwﬁﬁﬁfmy v ETERD = //%%7

o4 3 /@hﬂ'ﬁ’@’iﬂ* L 2o

Turbidity (units)

was 0.005% in (a), (b),

o! 00
0 8 16 24 32 7
Cultivation time (h)

Fig. 11. Antimicrobial activity of salmon roe extract,

prot;amine sulf&te from salwon roe, anq protamine sulf
from" herring to;urde Bac}ll’,,us‘subti‘lis (a), E_a_c‘lg,r_iqh
Entgrgg.gcter Aerogenes (c),  Staph coccus
end Lactobacillus plantarun (o).

~&8 - Salmon roe extract; —®- Protamine

sﬁ_l (b),
- aureus (d),
~'X - Control;
sulfate from salmon roe; -O- Pro’t‘a.mine_ sulfate from
herring."
The concentration of the frac't‘ionsb added to the broth’

and (d), and 0.001% in (c).
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Tenlie 5. 7 Growth of microorganisms on agar plates
containing .protamina sulfate preparations from
. salmon roe and herring, salmon roe extract, and

peptide fractions.

Microorganisms

BS EC EA 54 Lp
Protamine sulfate +/- Y +/= I/- 4+
from herring
Protamine sulfate ++ ++ +/- 4 +
from salmon roe
Salmon roe extract + + + ¥ +
F= action 1-1-1 ++ - + + ++
C1-1-2 ++ - + + ++
t-2 +/- - + +/- -+
1-3 - - - -
2-1 - - - o+ -
2-2 - - - .- - -
3-1 - - - - -
3-2 - - - - -
4-1 A7 C R + e
4-2 ++ ++ +4 Y S

The degree of inhibition is indicated as - for no growth
jsnhibition of mieroorganisms, and +, ++, and ++%, for
varying degrees of grpytb inhkibition, pfogressing from weak

toc strong.

‘concentration of 0.005% (v[v).
BS=3§cille éghhl!;a; EC=Escherichija coli; EA=EntgrQ§§gteg
gegogeg;s: SA=Staphylococcus aureus; LP=Lactobacillus
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Each sample was added to the individual media to give a
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