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Effect of Incubation Temperature and Mineral Environment
on the Propagation of Marine Bacteriophages

Tomio Hipaka*!

abstract

The author investigated the effects of cultural conditions, temperature and mineral
composition, on the propagation of five bacteriophage systems isolated from sea water. For
test of them, a method of one-step growth experiment was used in this work. It is designed
to observe one cycle of phage propagation, :. e. adsorption, multiplication, and burst. The
results were as follows.

First, the host bacteria grew within the range of temperature from 17° to 35°C with optimum
at 32°C, however, the phages propagated only between 25° and 28 °C with optimum at 25 °C.
Secondly, the host bacteria showed different behaviours on the mineral requirement for
growth. Tow of them required media supplemented 3 % NaCl for growth, and the other three
required K-, Mg-, and Ca-salt as well as NaCl. But all of the tested phages propagated only
in the same mineral condition as sea water. These results demonstrate that temperature and
mineral conditions for the phage propagation in host cell are more restrictive than that for the
growth of host bacterium alone. The properties of the tested phages, psychrophilic and
specific mineral requirement for propagation, defined them as marine phages.

BEREY Y ERST BB, TOEECRKTAEEN S EKREBEERBICHB LT
25, BHEMEOHBHICOVWTE, < 2rbEOHRBECL > TEAIATET B, A
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AT2EE, BEMRE 7 7 - SHTF LY BEETERERBTRCHAR, WAWA Sl
THEELCRBEMUREXBRET 5 HEN L SR T3 (Jounson, 1968 ; SPENCER, 1960;
WieBe and LisToN, 1968; Zacuary, 1976). 20 HETIE, BIROEENE 7 7 —o BiEo
BREBH T2 LRBL. 77 - O, BEME~D 7 7 — SHTF DTS & R
InE D, MM CHIE, BRMLATFRY 7 —CoKEIESD, Z0BEY 11 7 A0
775 LS BAKRRE LC—B¥MESEERY: (ELus and DeLBruck, 1939) 435 5. &
MICK TR ORBREL A, MIELHTRRFHEET 7 — 00— B EE SR 82 L
. CHIRE-T, BERHE 77 - LOEBRMIT LMD, BEY 7 — < OB RIE
THRERECHEETOBBEEROYEYRHA L L LDT, ZOEEVHET S,

ERMEE L URE

1. BEBENITVFT77—C% ABRCHERALLBE 7 7 — 0B, XXCAMEH
BHOBANLABE L7 7 -2 RD 5 HHRES5 % (06N-12P, 06N-24P, 06N-34P, 06N
-52P,06N-58P) TH 5. £hbiRT Tk, BEROHRLCBENVLE, 77 —oRFEEY
#A~ (Hiaka, 1971), 77 — SR FOREMY A LT3 (Hipaka, 1972).

2. fEREH ¥EKkEEH (Sea Water Broth, SWB) %, HerssTs AT¥EK 124124
N7 b vog BER=FA 1 gk, pHT6~T8 KA LI D TH S, lAKEXEH (Sea
Water Agar, SWA) & T 57c%, EERESWBIZ1.5% EXRExt. ¥/ SWB0.5% &
BEOERE LI b DR EREXREEH (Soft Sea Water Agar, sSSWA) & L7-, KkicERE
BREZFEAND D0 5 BRTEREH (Hipaka, 1965) %, (2)#iK, (b)0.5% NaCl KB,
(¢)3% NaCl KB, (d)1/6 BEATHK, @ATEHK, OFRFRIZEY =T+ 0.05%,
B2 0.0l X BECHEMEL, pH # 7.6~7.8 CHAMLI D TH S, it% HeresTs A
T # Ko & NaCl, 30 ; KCI, 0.7 ; MgCl,+6H,0, 10.8 ; MgSO, * 7H,0, 5.4 ; CaCl, +
2H,0,1.0g/L TpH76~78 LA LI DTH S,

3. NOTUATP—CERBE 77 -CDOTEEIL Apams (1959) DEXKEBHRICEL
TiTle >, SWB THE 107" FRu2 Tl o7 7 — 28 1 ml 278 B HTREE 5 (10%cfu/
mD 1ml L B¥, BRIZ5 ~10 7MEBLCEEMRC Y 7 —SRFEREIRS, T0OR
EWRO0.2ml %, FHOBEML 45°C BB LA sSWAIml cEMLFRSBEMLLE, 0
TR SWA PR ECHAZERT 5, EREROBELT 5% % - T 25°CIeT 1 Bpsss
Lic, ZOFET1IHDOFHRICHE S Wi BEREE (plaque forming unit (pfu)/ R FR
77 =Y®0.1mD¥FRbT, COREMEY 10 LAEREELYTL Cofu/ml X EH L.

4., —BIBHEREBRE HEREOMELYZBLHO—REHEERIL, EXBEOFCEE
ROBRERMGYEZOLTHSD, BEELXSWBTIBEEL, 0 05ml % 4.5ml D
SWBIBHELTILIK2 ~ INMREEETS. *OBIEIMEERK (10° cfu/ml) 4.5
ml & 4% 7 7 — 2%, (107 pfu/ mD) 0.5 ml & RIEFEHRT T AR TEM (MO, 0.01), FiE
RECREERETS. TOMK7 7 - oRTRBEEMRCESE S h5, TEREREE, -
DEEEEA) 0.1 ml % SWB 9.9 ml Zhnz CHREKD &5, FOFFEKD 0.05ml %, XHi
ANCEERG L 1o W IR R E RO SWBSmI kM2 CHRL, EMEEECREREELKT



BE w77 - OHE~NORE L BEEORE 135

BERG LTS, ZREOIEbLCFOFDE 7 7 — oY RAIET % &£ AR, Millipore
filter (HA, L& 0.45 um) TIEBL, ZOWEKRIECOVWTREE 7 7 —vBEXRETS. Th
SHRRIEEDENLRE 7 7 —CREA ) BRERYETE T 5. BERG 1% ORFTERER
M (5~104) B, xO—HLEEYHRENCEVEL, BEFRLT7 7 —2H2AE
+5. HREEIOREE 7 7 — OBEREFCTHREFBRFT 77 v P L, —BRIBIEMR
IERT 5.

b o EEIEER O FE Y 2 5 b D—BEEERIL, BEHOMERRFC7 7 -
BHROEBENTEARTERBCEAINEVIICBELTHA, BEHEY SWBT1
BeizE L, £ 0.5ml% 4.5ml D5 @ATELH (ab,c,d, e DEFEH) KBHELTIHLK
2 ~ 3BERI 25°C CIRBISET S, TOBEFOFEEERK 0.05ml &L 47 7 — o8& 107
pfu/ml) 0.05 ml &% 5ml® 5 BOFTESEH RIERICHIL T 585 ¥ AhRBEEEIC
Mz TEFM (MOI = 0.1), 25°C TIREEETS. FIERERMERI, TOKERA 1ml%x
HIGT HATEREH I ml ikMx THFED ET5, ZOFRED) 0.05 ml & 2 HIIREREEE
hOFTERM S5 ml icinz, RESEELRT S, DT ORIEIETER & RFRCT S

ERBRE L UEE

—BREAESEES (one step growth experiment) IZ X » CEishi-—EB AR (one step
growth curve) 72513, 77 —OABEMRICEREL THOFR7 7 —ORFEXHRE LED
% ¥ ToRRE, WRE (atent period) &, Z ORI Y, ERAHA (rise period), EH
H1EbIch OFHE 7 7 — S HHH (average burst size) 7 ExH D 5 5, FicffFciiB]
WA, COEBRMSEFMECH TS 7 7 — SRFOBRER (absorption rate) HEE
TE5, HRBE7 7 —CO—REEERECEL, BELGRLEMTOBBEARNYE L
THEEL, ThRI-ThhbIh—BHEEMROE(Y LI, ThhblET 7 —
OO RIETIRERE PP ERIEEROMELYM), ThODEFLGYERT S,

1. EHRAENKE

(D) BEHORBREMBK 7 » —oRoBEEY SWB & L, EEARKRER
HEEB (¥~ B2, Model SC-21) %\ 6 Bef: (17°, 21°, 25°, 28°, 32°, 36°C) DIRESH
TABEERELL, REEINXRBLAEH (E. Leitz 8, Model M) T# &K 550 nm O BIAE
ELTEbLE, 20 5IRBERMERICYL > T, RIEEEEL IV IZBTEERRVES
BENESRACEZONERBTHS. 77 —CO—BEEERIBEFOEETCKTTHD
T, THACETHRUETER L, TOERY Fig, 1 1wrLc, #EAED > H 06N-24 ZB
D 4BEZONWT, COREREFHETORFRERIZ17~35°CTHY, 3T°CTREBF LK
Mot BEERBRER2C R -7, ZhITRL, 06N-24 OREFREEIX 20~32°C
T, EBREZ25°CTHYH, TXUBLO4E X HERACH - 7o,

2) FRECHEEINCETE O 77 —CBRER  #R 77 - RDOBEEHEY SWB
OFTHREEETEREL, TOEERCHTIYUE 7 7 —COBRERY 25 CERESFHT
TRIE LI, ZO#HERY Table 11w/RLe, R 7 7 —oROLTH 25 °C ML THIFEE S
hieBERCH L TREVCRERY/RLC, LTOMEIEIIE 80 % METH-7c. LarL,
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Fig. 1. Growth-temperature curves of host bacteria of used phage systems.
Symbols : —[J—, 06N-21; —O—, 06N-24; —A—, 06N-34; —@—, 06N-52;
—Hl—, 06N-58.

06N-24P X2 BRI BRERIMEL, 25 C HEEECH LT 60X BETH -7, A—BEHE
TH->THHBEREORNCL - T, ThicHTs7 7 —CBERVD LT ORLDL &
BHIbR, ZOZERE-T, 77 —CERECKIAEIHEOTBERW I, EHELEY
MHSIBBER LT L e hilie bz & dibh b,

Q) FEETOEEIE~ND7 7 —IBEXR  HRA7 7 - ROBEEY 25°C THEL, %
DEBEBEICNTHYE 7 7 —vORERY S BREORE CRAIE L, TOKER% Table 21
Rl ThHDRERMEICEVT, BERIL17°, 21°C TEWA, 25°, 28°, 32°C TIRIE
RLTHY, CLAREREVNGVEREBRERIRACEZEMER b, Z0Z & %0

Table 1. Adsorption rates of used phages to the host cells cultured at various
temperatures.
Ph Subculture temp. of host

age 17 21 25 28 32C

06N - 21P 56 65 85 89 83

06N - 24P 10 18 55 40 18

06N - 34P 66 72 77 75 74

06N - 52P 62 74 89 86 66

06N - 58P 54 80 95 93 71

Condition : Host cells, 10’/ ml; MOI, 0.01; Absorption temperature, 25°C; Adsorption
time, 10-20 min.
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Table 2. Effect of temperature on the phage adsorption to the host cells.

Adsorption rate at
Phage 17 21 25 28 32°C
06N - 21P 59 64 85 86 89
06N - 24P 70 72 54 54 57
06N - 34P 60 65 89 89 93
06N - 52P 61 84 90 92 95
06N - 58P 75 82 92 92 93

Condition : Host cells, 10’/ ml ;MOI, 0.01; Adsorption time, 10-20 min.

EHORR S SheE 2 5, BEMBOLENE > TRIUE, BREOHRBINZLHIENX
5ThD. COERICE\ThH, 06N-24P 3 fhp 7 7 — R & RV ERMCEVTRER
BEL Tt TWi,

) ZEETO—BREEER R 77 - OROBEEY 25°C THEL, ThrBEEM
Fad LT5BREE T REEERY Tk, £7 7 - YHCEREC KT 2 —BRIBTEHR
# Fig. 2 ~ 6 IR LTc, ¥ rh b—RIEHMRN OFRA L DRBRE & KB % Table
31 ¥ Lt Fig, 2 KRSt 06N-21P 0 —BRIEFEH S A S BRRE OBV X » TELT
LT, D7 7 —CROFRER ST, T 06N-21P i BTk, FBRRED
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Fig. 2. One-step growth curves of 06N-21P-system incubated at various temperatures.
Host cells, 10’/ ml; MOI, 0.01; Adsorption time, 20 min.
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Fig. 3. One-step growth curves of 06N-24P-system incubated at various temperatures.

Fig. 4.

Host cells, 107/ml; MOI, 0.01 ; Adsorption time, 10 min.

per mi

Infective center

=3

10

10

«
0,  Land
25°C Oﬁoc .
o,
17°C

e 28%C

1 1 1 1
30 60 90 120
Incubation time (minJ)

Ono-step growth curves of 06N-34P-system incubated at various temperatures.
Host cells, 107/ ml; MOI, 0.01; Adsorption time, 10 min.
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Fig. 5. Ono-step growth curves of 06N-52P-system incubated at various temperatures.
Host cells, 107/ ml; MOI, 0.01; Adsorption time, 15 min.

T, —BHMEERE TR EhERY, AN, RERERCL T, —7 Fig 3ekits
06N-24P D iR & Fig. 4 12 &35 06N-34P 0 T3, EREEI B - CIEBRTE &
A ETED LT, BEEIEFAELL T, kT Fig. 5 123135 06N-52P D ifi#g & Fig. 6
2R} % 06N-58P DR TI1X, BERE O H 5B LERIIICE V22 bR, 06N-52P T
TEEEIRE 32°, 28°, 25 °C TRIEBREIIE L TH o712y, 21 °C TREADBLRERL, 17°C
TR D EORT I, Thicx L 06N-58P T, 32°,28°,25°C #5#& & 21°, 17TCEE&R & D
BICBRPAOKEIGEVWER b, dbAAM7 7 — PR EGERERBE T - THEED
B oTWhi, CDL 310877 —oRD—REEMEH,S B SR sBRE, LR, B
B, BERECI > TEhLThRRHEELPRL T, 06N-52P 2128 °C THRADKH
BrRLEDIRL, D 42007 7 — oKL 25°C TRAKREE AR LK, 32°CT7 7 —
T DIEFEHZ B D 06N-52P, 60N-58P & &, = DRE TORHBUIHRAKEEK D 1/10~1/5
CREA LT, 17°, 21°C IRV TOBEHIL 25°C DBFD 1/3~1/2 BETH » e, —B
HAEHES» D, BRUARSEN S HBEEPRKTHAERRE LD 7 7 — CHHED D
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Fig. 6. One-step growth curves of 06N-58P-system incubated at various temperatures.
Host cells, 10’/ ml; MOI, 0.01; Adsorption time, 15 min.

DEFRE & AT ioE, #RBE7 7 - OROBEOLDOEHEEE R 25°C A s
B édbhotk, COEBBEFHECEVCTOEHRA 7 7 —CROBRY & K
Table 3R bR B, Fhick b & 06N-21P OEKEAZ 50 4, BHEX 70 TH - =, Rk
12 06N-24P D ZFhi2 40 4, 4 ; 06N-34P DX hi 25 &, 240 ; 06N-52P O % i 50 77,
500 ; 06N-58P D F#1i% 35 43, 170 ; L5 0D#HA 7 v — ORHWETH L OEEIITIT 27 )
DEVWHRERLNIE,

ChLDERLY, 77 —ORBIFERE L LOBEGN CHEETARORERI, —#&
CEIHEOREBTRER L VR, ZT0ZFRERBFEOZLLI VEL, TibbEtoEE
HRRL b H5RBEREEATVWIRK, 77 —CHERCHEET LD EELONS,
FRHREBE Y 7 - CROEETHRE R, BEMECRRETE 77 —v Bl Ps.
aeruginosa P iz &) Dxh (32°~36°C) X h{Edr o7,

2. b MEIEES ORE

(1) S5EHELHFTOBEIHORKEEE | EEECHERRVREYRICT 5 5BHDA
EEMICHEYEEL, 25°CT6HRERELTCEhOORET 2 — v blMEORBILE
FAEBIEER 2 — v &My, BEER(T-type)#, HFEE(H-type) &, #HwHE(T-type)
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Table 3. Latent period and burst size of used phages at various temperatures.*
Medium, Sea water broth ; MOI, 0.01; Adsorption time, 10-15 min.

Phage 17 21 25 28 32°C
& Lp. Bs. |Lp Bs. |Lp Bs. |Lp. Bs. |Lp  Bus.
06N - 21P 95 27 65 50 50 70 40 60 0
06N - 24P 0 40 2 40 4 40 3 0
06N - 34P 40 85 35 150 25 240 25 30 0
06N - 52P 95 210 60 320 50 400 50 500 50 37
06N - 58P 75 75 70 85 35 170 35 75 35 25

B.s.: Burst size
Averages of 3-4 experiments for each phage.

L.p.: Latent period (min.)

*

BreiAlah Tt (Hipaka, 1956), AMTOHRABE 7 7 —CROBITHEIC FOHEE
YBALT, ZThOOEBEEREXYRBILI, £ R% Table 4 K/RL 7, Table 4 12K
bhad Lo, gEE 06N-21 & 06N-34 (3 5 BATEREHD a, b KB T, c,d, e KRBT
HIFERTH oI, ThHR 3% BED NaClDEETTRELET, HTFLLEBARSH
D K-18, Mg-18, Ca-iE%E R Lic\v, Zhiex L, 06N-52 & 06N-58 (% 5 AT EESHD a,
b,c CEBET, d e CRBTHEBEHOETH - 7. THHIREE DL IcigKp O EEE
HAZERTHIDOTH >, 06N-24 RBENEDO LI TH, SHLRFEFOLDOERRE
HEA» e EHOLKER L1,

(2) SHEFTESPTO—RIBESESR | HABE 7> - CROBEHEI SERTEEMIC
B\ TTable4d KB IF LI X I BB —vERRLI, SEEEMD 5> b, BEEILFE
BRI OWT T OEMEG T T—BBEEER YT, ThiICL - TE R —
BRI Y& 7 7 — ORI Fig. T~11 1R Lk, 2 h b0l btk s bhi-B

Table 4. Growth extents of host bacteria in five types of defined media. The growth
extents indicate the maximum turbidity during 6 days incubation at 25 °C.
Growth (O.D. X 100) in

Host * %

bacteria Five types of defined media * Type
(a) (b) (e) (d) (e)

06N - 21 0 0 26 15 33 H
06N - 24 0 0 0 0 26 M
06N - 34 0 0 20 14 30 H
06N - 52 0 0 0 44 47 M
06N - 58 0 0 0 34 38 M

All types of media (pH 7.6) contain 0.05 % of polypeptone and 0.01 % of yeast extract

and dissolve in following diluents : (a) pure water, (b) 0.5% NaCl solution, (c) 3%
NaCl solution, (d) artificial sea water diluted six-fold, (e) artificial sea water.

%

H, Halophilic type;

M, Marine type
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Fig. 7. One-step growth curves of 06N-21P-system in various media changed in mineral
composition. Incubation temperature, 25 °C ; Host cells, 10°/ ml; Adsorption
time, 20 min.
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Fig. 8. One-step growth curves of 06N-24P-system in various media changed in mineral
composition. Incubation temperature, 25 °C ; Host cells, 10°/ ml; Adsorption
time, 20 min.




BE 7 7 - SHE~ORE L RIFEORE 143

o 00 (€)
’

10

Infective center per mi
—
(=]
w
I

2 (c), (d)
10 G 0000 0 conn © e @ e @ s @ e § W= @ S § == @ === @
1 1 1 1
30 60 90 120

Incubation time (min.)

Fig. 9. One-step growth curves of 06N-34P-system in various media changed in mineral

composition. Incubation temperature, 25°C; Host cells, 10°/ ml; Adsorption
time, 10 min.

Behrh o SEMEIE A AL 3K D EBIERL S, NaCl, KCl, Mg-#8, Ca-#a7c &' A, #K L @i
HREEEAREZD DRI bRV ERbhotk, Chi L TEEY7—2 (Ps.
aeruginosa P 1z E) X S BRTEEHMO b, d THEIET 5, a,c, e M T L feh» 7o,
CRODZ ERGEHET 7 —CLBEEY 7 —ORENTHHE, ThOOBEERMEIC KT &
BIEERUEVNEELIFEC VBB 2 b hi, ¥7, Tabled & Table5 ¥ & L T,
BEFHORBI R AEEBIEERM L 7 7 — CHFEOR O BEIEER Y L ORICHENR AR D
e, Thebb7 7 - CHBECRET 3 EBEOBERIBEFERORBT I THIZA I O bEL
WERHBHEHDHEE LD, THICBEBEL T—BEEERTORERY RS &, flxiE 06N-34P
Zdh->TiL, SERMEEMO c, d, e3EHD 5 b e It~ ¢, d EHTHRERIRLRLET T
BBRENILRME TR o7, Thie bbb, ¢, dEMT7 y —ORNBRETE eh o
LR, BERD 7 7 —IBBOEAREEATO 7 7 — SHERARIC, $EibhoEEER
BEOAKESEELTWELDEEbLRS,
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Fig. 10.  One-step growth curves of 06N-52P-system in various media changed in mineral

composition.
time, 20 min.

Incubation temperature, 25 °C; Host cells, 10°/ ml; Adsorption

Table 5. Burst size of used phages in various media changed in mineral composition at

25 °C.
Burst size
Phage Five types of defined media
(a) (b) (c) (d) (e)
06N - 21P / / 0 0 70
06N - 24P / / / 0 4
06N - 34P / / 0 0 220
06N - 52P / / / 0 400
06N - 58P / / / 0 160
Ps. aerugi- 0 70 0 120 0

nosa P
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Fig. 11.  Ono-step growth curves of 06N-58P-system in various media changed in mineral
composition. Incubation temperature, 25 °C; Host cells, 10°/ ml; Adsorption
time, 15 min.
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HREE 7 7 — O FR, 06N-21P, 06N-24P, 06N-34P, 06N-52P, 06N-58P D I&FH Iz K (%3
BERRE L ERIEAR OB OV THRE L., ToRR, FEEHEORXTERERI
17~35°C ThH, RBEEZHREIL CHECH -7, Zhicl, &HA7 7 —COEK
NEEOBEBRIBIFEARE O LI L Tk 25°~28°C T, EEREIBEFEOZTh L
DRV CRIRIE D ~ T, 70, EBEEHEORBOLDOEBIEERMICIZERY DY, X
hx®P+5 &, 06N-21, 06N-34 ¢k NaCl #ERk T AR, 06N-24, 06N-52, 06N-58
(X NaCl, KCl, Mg-&, Ca-#Ei LD KERER I Y ERTHEBERTH-. Ll X
NHIREYET S 7 7 — 23, BEtho&BIENRS, NaCl, KCl, Mg-#, Ca-#E»EKELE
B BEARCD ARICOZMEIE LT, ZOL5CBEEEHTD 7 7 — o OBIEIICII, 78
FELREBE T HREBECEREAR L VKB LVWLGE TRV TOLRBIET 5 Z &2
bhte, TLTHR 7 7 — v oMK A ERKE &, BLWEREREEREL, Thb
NEET7 7 —CTHAHZ LR IFT LI,
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