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On the Undesirable Effects of Filtration through Membrane
Filter on Some Marine Bacteriophages

Tomio HipAkA and Ken-ichi IcHIDA*

Abstract

In the experiments of bacteriophage, firstly, it is necessary to remove completely the
large numbers of bacteria present in the samples or the phage-lysates without affecting
unduly any phage which may have been present. Sterilization of them by filtration through
membrane filters (average pore diameter, 0.45 4) is most commonly used for this purpose.
The authors observed the following undesirable effects of fiiltration through membrane
filters on some marine bacteriophages.

1) The phage particles stuk to the membrane and considerable or even complete loss
of phage may occur, particularly if titers are low.

2) The marine phages are inactivated by a very small amount of surface active agents
contained in a membrane filter. The surfactants act differently on different phages.

These undesirable effects are avoided by prewashing membrane filters with sea water broth.
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Bl BEREENEETHS. Ll FRECEVWTHEEBMC L - T 7 7 —ORTFHREE
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MEvEt: Pseudomonad ©% - C, 7y — PR F OB, SMEAATE OBEEICEL WFIEEIR D B
BHOEThHE. D7y —20F, MEYILL 7 B vkl s 03I U CRRE 7 R B A R 3.
T OMDOFHHEIRCT ONTIFIFRY Y CHRL Th 5. RREEREET » —SI%, WK CH5R
L, #OrhBRT O i B L c b 0% BB AR TR L CERC s L o

TI7 —VRERE HRET » — O OHIC I A €4 FOMER. BLOT » — SRR, AT
DODE GIRL e HRER T

HEREREE S MEE Y, Millipore filter (FfidE, HAWP 047 00; SEIFLEE, 0.45 4;
B, 47mm; BT HA 2&#E3 %) & Toyo membrane filter (FfH, TM-2; LR,
0.45 15 [E#%, A7mm; LT TM-2 LUgEET %) #{HHAL .
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1. #HBFET 7 — 2 OMBERBIEN DRE & Z DFE

WEAKER HOERTE T A1, BP0 7 » — SR TFAGEEEICHE S5 2 LItk o\ X
- CHEUERE Y » —2, 06N-58P 0~ » —29f (100 pfu/ml) % HA CHHEL, MWEEE
HLUTCEC 5 ml F* 210 @ LT, E0EKCOWT Y » —SBEHIE L. FokiEx Fig. 1 1
RTTLLTHs. HA Z@BELI7 » —SHOBWO 5ml T, JFEED 7 » —hF 100 pfu
/ml @ 5% 30pfu/ml AEEMAEEL, 720 O 70 pfu/ml (IS S 5 R CH - 1.
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Fig. 1. Effect of volume filtered on the percentage
recovery in the filtrate of 06N-58P suspended
in sea water broth and filtered through Mil-
lipore filter (HA). Fractions of 5ml were col-
lected.
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LoL, BRE2EET2HBNE TR TEMEY Y REINS 7 » —SBIIRFECHEI L, 50ml
P ERERLBOBRBETCIER L IZTRAC 7 » — Afix R L. BlEE7 > —oW (10° pfu/
ml) COWTEROERE LI-HRTIE, RHEE IOCREETEDOM T » — S BICHERIRER
BUEOEBOZEIRE LB otc. ZhbDZ &hb, HEEEHD 7 » —oRNFRERICIZ
BBENREL-T, 77 —SEEREVRBETRREC X 2BRIERHXS2, BAREOL I
7 —SEOPINH DT, FOBRERBRAEZERMbNI. ¥, 7y —SRTFREEWH
CELBEZIN, 77 —SHAH 50ml DLELBEEL BROBKELY » —SRFERELRL LY,
ZOBDOEIRITE T 7 » —SRNTFOERIIR

Table 1. Difference in phage titers in the

biighs»ic. ZOMEEEBHRICLS7 7> —2 filtrates of 0BN-58P suspension (10 ml)
, = - el filtered through a intact Millipore

HFRIT, BRORENHEL f‘% e filter (HA) and a prewashed Millipore

BRHBINCL2bDTHBLE LD, £D filter (HA) with 50ml of sea water

HEAFMEN DR EONEL > TS b broth.

DEBbNB. LT, ZOBREREHIETBIC Phage titer (pfu/ml)

13, TOEEY 7 »r —ONTFRERCHEK Control Filtrate through
Hh 50ml BLEREL T Y, REOHEY (no filtration) Intact HA Prewashed HA
FRITALENRL S, S5 ELCER TR
AWt itk -C, Table 1 ©RIN3 1000 470 930
X5, 7r—SHNFOEE~NOBRECLSHE

RILFFFHECEHE 5 5 Z Lhvbh o1,

2. MERBEEBRICLIERBETr —VREROREIL

R iclgE” » —, 6N-58P, 054 ¥4 +%, MEEEELEL CERLLERTRET
BHE, FDOTA4EA MVEIRECREL TN ZOREOEIES, EEIGCHEML /RSN
PHEDOERICL > THETBZ LM -1, ZTOHKRY, HEEROMBRAT »r—P« F4¥4 b
@ooml) #w¥elL, —H% HA <, f5%d TM-2 CHEL TERELL, 5~8C TREL R
BECEFR DD 7 » —SBERAIET 2 HETER L. 1 HA @I g2, |/
B3 EBFro—EEIC TM-2 C#EEL, bR TRBHCY » —SEEHEL. ThbOH
Fix Fig. 2 @Rl Fig. 2 26 #HbakidC, #HRT7>r—2 - 74¥4 & HA X
TM-2 CHELI-HE, BEERHEEKD 7 » —SBICERLNZ LD, THHEEERD 7 » —
SR TFRERCITIEZEN VIO LEL BRE. —F, FEEACL2H 7 »r —SHOREERICIT
B S ERA bR, HA CHEL-bDIL, TM-2 GHEEL b DD FHIUL B 2T RIENE
v, HA i@l 3 HEE I TM-2 Cil@Lcd0d, TM-2 2#:E%kt DEBROREIIHIC
BAE. hbozirnd, TM-2 CEBLIEY » —SHO 7 » —SRENRHENZ LT, TM-2
CEENRBZMONOYWENRT » —SDREREIET 2D THH ) LB
LFROBESEHRET 2 ERT, BEROERYIIR 1. WA 5ml » HA » TM-2 ¢%
RERBBL, FRLEKE 1/10 &0 06N-58P #ixinz T 8°C wiREL, BERMICT »—OK
REE L. FOfEEE Table 2 0o thh, #R7 > —13 TM-2 2FEELLVE TR,
TM-2 %58 L1 dakiEthdng 32 2 L Ic X - CTHEACEEL. %, #kEwy TM-2 T
BL, FORWBLEEEC 10ml FoOrEL, Fhbic 1/10 &0 06N-58P 74 ¥4 r&inx
< 8°C THE L1154, Table 3 WRXNZ X5, HEDTT r —SNEOBWMPAR L.
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Fig. 2. Inactivation curves of 06N-58P suspension filtered through
Millipore filter (HA) or Toyo membrane filter (TM-2).
A : filtered through a Millipore filter (HA)
B : filtered through a Toyo membrane filter (TM-2)
C : refiltered A through a Toyo membrane filter (TM-2) after
storage for 3 days
D : filtered through a new type Toyo membrane filter (TM-2)*
Arrow indicates the time when A was refiltered.
* See Section 3, it is explained in detail there.

Table 2. Effect of suspending 06N-58P in sea water broth (5 ml)
passed through a Millipore filter (HA) and Toyo me-
mbrane filter (TM-2) on the stability of the phage.

06N-58P suspended in Phage titer (pfu/ml)
sea water broth passed e g
Storage period in hours at 8°C
through 0 | 8 | % | 48
TM-2 10° 107 103 0
HA 109 109 10° 10°
Control (no passing) 100 100 100 109

Lal, TM-2 @@ & OFORERIKIZY 7 » — S RIERFLTFT< /0, HAREH#A 50ml
B L D BECENTUL, 77—~ EEIUILAY Rbhiiksd. chboz i
%, TM-2 [REC S 2 WHESERTCEHRLT, Thh7 > —SORBELERT 2 LW ROF
BErESTHRTho. Lok, TOYWEOHEHITYAD Z & eh SEGIHoRKCS <,

kA 50 ml HERTBEH L O FZ Latbhiote. 7tk TM-2 ClBLI7 > —2 « 54
¥4 PDORER, HA BBOZTHRI Y dFELTHE L WIBRKRET 27 > —238 3k, %
BOROEELIC BT » —SBTHRO 5 bTh BT EFinv.  £0MTEARER T » — 06
N-58P i, ZOHKBRHEELIDOTHS. HA 12 TM-2 L oRIEBEOEC L Y FOERYWES
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Table 3. Effect of suspending 06N-58P in successive fractions of
sea water broth passed through a Toyo membrane filter
(TM-2) on the stability of the phage. Fractions of 10 ml
were collected.

Phage titer (pfu/ml)

Successive fractions Storage period in hours at 8°C
24 72
0 — 10ml 108 104 0 0
10 — 20 ~ 108 105 104 103
20 — 30 ~ 108 107 108 108
30 — 40 » 108 108 108 107
40 — 50 ~ 108 108 108 108
Control (no passing) 108 108 108 108

EELVD, BATY TM-2 OFR L) BECHERDLDOTHLAS.

3. 77 —-SARRELHEOKRE

TM-2 D&Y, BEXhic= el e — = L EREEERERZ EFE LCHEAL, ®8kR
HEHTEN T  MEBOREEERINEbN 3 L HL. FRINZ FEEERL ) YBRIEA
Ay EERIO—E (A) L ArvxYBREA A Y EEFRIO—& (B) L Th5. AIfICRNTT 7 —
CEREIRTWHEI, ZOEFTHEAILBEzbhE. X THHETLL ) THICHESTI2HWHED
DE5% 50, Thht 06N-58P 2rDbOyEiEE 7 » —S Ik JIFTTRESRE L. thb2
DOEKN IO HBE LTS Y VAFEF YA (SLS), SY I« RVEY ALKV b
)7 s (SLBS) $XUL Ty v 4+ (Sul) ot hbLoFmFRINEIED, Thbic
K 10 pfu/ml i3 X 57 > —oHE M2 T 8°C TLRKERESKD 7 » —OBEREL
to. FORERNLHLNICREROBRDTELEEX Table 4 O TH%. TNEELHEET »
—3 06N-58P LT A Ciix L% 0.0l mg/ml, B Git 0.001 mg/ml, SLS % 0.1mg
/ml, SLBS i 0.1mg/ml, Sul ci% 100 mg/ml TExhFh&kiET 3. TM-2 oflERc
b T\ A, B itfsp SLS, SLBS X3 E0L\7 » —SRE(ERE2E T 5. oM
77 =205 HLRRPREENR 6N-34P R&LElr 06N-52P xS o\WnTHTIUE, hbik
BREDTREEECHIEL T, hbERCHT2BZELRLE. Totk TM-2 ofbEcEL
A, B o T Sul ##AT3 L 5 CBEINLL, ZOYHEIL, A, Bkl T1000 4

Table 4. Minimal inactive concentration of several surface active
agents to some marine bacteriophages.

\S\u\rfactant* MIC (mg/ml)

Phage \ A B SLS SLBS SuL
06N-34P 1 100 1 1 : 100
06N-52P 10 10 10 10 i 100
06N-58 P 0.01 0.001 0.1 0.1 | 100

* A : a kind of non-ionic surfactant
B : a kind of anionic surfactant

SLS : Sodium Lauryl Sulfate
SLBS : Sodium Laurylbenzensulfonate
Sul  : Sucrose Laurate
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DEBETIHRTY » —SREEIRE. ¥, Sul ##HLEHLVWIA 7D TM-2 ItX-T
WELEI N7 » —SHHTO 7 » —ORTFREETH - (Fig. 2. D 2H). #Huc, HWH
D TM-2 X - Tl hic 06N-58P DREOFAYEL, o TM-2 BUERICHERIR
T REEERL A, B OB CLIENHLNTHS.

L 7y — PR EEAT 25E, WERERC & 2 ENENESE L FETHB. L, TEE
mHDDBNEET » —L OHFE, MEEEEAECSNTT L RETEL7 > —223h 5 2 LA
Lhicdht. FOFRE LT WHEEEHC &3h 2 MEOFEERAIC X 3 RERLT LR
oo ZODL 3 BBECAREER7 » —S1%, FHEEY » —SORTHAHTL IS TRV, &
%7y —S O, RRCELT, »h2B3M0FERACELOEEEETS. i, oz ed
LEWET 7 —SI%, 23 REEERICHT 3 BRZERMELC L ) Th TR RES RB 2 L2
Mote. B 7 r R RV AL - TREBELPOTWHER T » —2, 06N-58P X, = OREDOFRE
EEFCH L CThbE BREER L. MEEEREETC L2 7 » —SRER BHILT5H0 F
BLLTY THXOERELR 7 » —OBEETH 2 WK THRET 2 FERLTORE. k3
WEAR FENIHTHMR IR TFEIRERD 53 2 Motc. RROBELLRMD 7 » —S B4 8T
BEE, 23 3B OBIRCER T b+ B RAANETH 5.

B ¥

7 7 —OWEHEEERYEL CTRELTS L E, 7y —ORNTFREERCREL THRET 5.
TR BETACE CBEI N, BERE” » —SHCEWTHRRBIE . i, TEEREEY
7=k, HAEOWERCE T 2MBOREEEROXLEY ST TRETIZ L RHL L.
ZOREEERNIEL OWHET7 » —SEHLT, ThERKREL B 2EANERT. ZhHiEH
WERSEET L 2@HE7 » —SOREETHT2 I, FRTIEEEEZTD 7 » —CBREETSH
UK TR T2 L WO B ARE L2 L0 L - C BITHERBENRE DN,
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