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Basic study on inactivation of phage in serum and its mechanism

MA Xiao-li, WU Qing-qing, WEN Long-ping
(Nano-biology laboratory . School of Life Science, University of Science and Technology of China, Hefei 230027, China)

Abstract: To investigate factors affecting the viability of phage in the blood and provide a basis for
improving in vivo phage display applications. the percentages of active phage in serum and blood at various
time points were measured, phage viabilities after various treatment conditions (washed by KSCN, high
temperature which can inactive complement, injection of immune suppressor, and use of nude mice) were
compared, and some preliminary solutions to overcome this problem were put forward. The results show
that serum can cause rapid inactivation of phage. KSCN and cyclophosphamide can partially, while 60 °C
treatment can almost completely, inhibit this inactivation effect. The inactivation profile in nude mice is
comparable to that in normal mice. Tryptone and BSA can partially overcome the inactivation factor in the
serum. It was concluded that a heat-labile serum factor, most likely a type of complement-mediated IgM
reaction, is responsible for inactivating phage in the blood.
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1 #ElF7E

1.1 W

EHI/INE balb/c /N . 5~6 JE#& W A i 0
v TR YA IR .
1.2 EELH

PHD7 phage
extract, NaCl, g-2f 3L #§ H ( 5-Bromo-4-chloro-3-
indolyl-B-D-galactoside, Xgale) , 55 N 3&-B-D-fi /8 2
L W H (Isopropyl B-D- thiogalactopyranoside,
IPTG), #i % R B ( Potassium Thiocyanate,
KSCN) , B mt Iie (VL7510 J B 25 A A PR 7DD,
1.3 LB/IPTG/Xgal FHRFIEF %

10 g/L. Bacto-Tryptone, 5 g/L. yeast extract,
5 g/L NaCl,15 g/L ZJgH. @ EKE 22T
70 CHE, A 1 mL/L IPTG/Xgal , 1R 2 {854
1.4 BEEHENNE

BeReah A 45 °C P 19 = B (10 g/L
Bacto-Tryptone,5 g/l yeast extract, 5 g/I. NaCl,
1 g/L MgCl, « 6H,0,7 g/L Biflghk) FE=E
R AY, ST EMBTE F37 CHUR Y LB/IPTG/Xgal -
M b SRR RIS A . AR

lib, Bacto-Tryptone, yeast

A5 min 5, B8 T37 CHEFRIK. Kt A, it
SR TR A
1.5 FHKXELR

5~6 JA W]/ B # k T 26 PHD7 Wt 1 44 S
JE 50 pLGREE . 1.2>10°). 15,30, 60,180,300 min
Jei Wt FE B, 43 1B 200,2,0. 02 L L35 ARG 77% JE
1.6 EIpKIESL

W1 mL /N BUBTBE LM A 0.5 L PHD7 W
BRSO GRFE . 1. 2 X107, IR &4 5 B 500 uL
MR B0 A5 B3, B35 530 137 CIEE . 78
JI it B 1) s R gt BB TG A8 A 00 75
1.7 GEMEIEE

5~6 JA W/ B KA BRI (30 mg/ke)
Xt R T AR FRER /K L 24 b 5 R #FHIKTE 5 PHD7 1
BRSO 50 pLGREE: 1. 2X107). 15, 30, 60, 180,
300 min J B R, 73 5 HX 200, 2, 0. 02 pL LG
For I L
1.8 KSCN JEpisLig

T mL /N BUBT & MM A 0. 5 . PHD7 Wi
PR SCE GG . 1. 2 X107, FRAINA 0. 485 g KSCN
(AW PEHR 5 mol/L) . T 37 CHFH 5.15,30,60 min
Jo R TSR 5 o TR R DU 2. %o BECAS i KSCN.
1.9 #MERESZ

W1 mL /N BUBTEE MM A 0.5 pL. PHD7 15
BRSO R - 1. 2 10%) , 40 51 37 °C Fl60 °C %
B T D SR AR o B T S0 AR 0
1.10 FChgBR/NRRIR A SEI6

5~6 J& balb/c B EIKE ST PHD7 I B 43¢
J 50 pLCGRE 1. 2>X107). 15,30, 60,180,300 min
Jei W R EUIAL , 43 3 HR 200, 2,0. 02 g1 LT ARSI 2
1.11 R sELE

B 1 mL /N BROBT & 0 4 0 i A BSA Al
tryptone, WelRHRZ WA IR HANA 0.5 wL PHD7 W
BRIZR SCIE IR BE < 1. 22X 10%) 8 JIr i B[] S0RFA 7 B
L TR T30 AR 0 i R

2 &R

2.1 ERKE

V8 0 TR T S 2 /N BRAAR P S I P 3 1 W T
A CRBIRR YL R FF B8 7 A W B BXE ) 174) 00 i T o) ) 8¢
U, 5 min i B4y (51.83 £ 4.49)% (46.1% ~
56.7%), 1M 15 min By 2 9% > & (19.78 £ 1.61) %
(17.9%~21.6%) ,30 min A1 60 min Bf HA (3. 16+
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Fig. 1 The dynamic curse of phage in vivo

2.2 fKSpRTE

R AA P SIS B R LR AT A TE BB BV TR
PR B R, R S I — w5, FRATTI 1 42l 1
T8 LA SR 43 10 20 BRI A 037 X e 7 4 3 12 1Y)
S0, WE RIS 5,15, 30,60 min J5 , F4A
TR (45, 1853, 45) % (41. 4% ~49. 1%) , (14. 33+
1.43)% (12.9% ~ 16.7%), (4.10 + 0.63)%
(3.2%~4.8%),(0.904-0.11) % (0. 8% ~1.0%);
AHI Y, 76 A1 Hp oA (76,43 £3.93) % (71.1% ~
81.2%), (21.60 + 2.24)% (18.9% ~ 24.8%),
(8.5740.98) % (7. 1% ~9.8%), (4. 68+0.54) %
(3. 9% ~5. 3%) s TE NN AR 43~ 1 20 M DT TE A9 1385
1 (58.7242.78) % (55. 2% ~62.8%), (19. 62+
2.00) % (17.5%~22.5%) (6. 6720.72) % (5. 9%~
7.8%),(2.0340.18) % (1. 8% ~2.3%) (Kl 2). ¥
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Fig.2 The dynamic curse of phage

in vitro (serum and blood)

LG T DAL R AR P 2K 3% 2 P LR R B A i S R Y, T
FH T8 LSS 41 0L 200 6 P 7 s T 7 — o P
R T MY P 2R T AR . L YR X I TR AR ) 2K 9 R
FHFRATTHED A WA ] G 04 T DAL 1 355 S 350 s T AR 4%
FaZE A Cn s s B4R D 5 SO 195 3 A 20 o 7
AN B TR AR 85 ) 72 A P 2 A 970 o g TR AR ) 3 1
CUn 25T W TR A 717 352 T e TR A SR s R A A D)
2.3 GREHHLE

R PE— 2B T ZR G TE W TR AR I AR FH R )
YER L RATTHEAT T IABRIENG (—Fp S J I 7)) 5255,
/INBRH PR R L e L Ab 3 24 7N i L 8 %o I T K
PR B 55,5, 15, 30, 60 min A8 7% P Ik 7
R 43 H A W R (79,23 4= 3.86) % (74.8% ~
85.1%), (30.82 +3.32)% (26.5% ~ 35.2%),
(9.351.10) % (7. 8% ~10.8%), (2. 37+0.52) %
(1. 8% ~3.1%); X MEAL A W] Sk (51. 48 £4.39) %
(45.3% ~56.8%), (19.70 &= 2.33) % (17.1% ~
23.2%),(3.1740.37) % (2. 7% ~3. 6 %) #1 (0. 80+
0.18) % (0. 6% ~1.1%) (K&l 3).
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Fig.3 The immunity-restrain experiment in vivo

2.4 KSCN 5thi

IR I3 T O AR TR B R R R A L
AT IRATHAT T PUEBTARVER ] KSCN 525,
K H 5 mol/L KSCN Pk 5,15,30,60 min A . B
PAIE PSR (76. 05£5. 60) % (68. 3% ~82. 4%) ,
(20.67 & 2.21)% (18.3% ~ 23.8%), (5.40 =+
0.63)% (4. 6%~6.2%),(2.1540.37) % (1. 6 %~
2.5%) (A 1), 50 KSCN X5 FEAH HE s 18 14 2%
IR — /b R A2 5 M 15 min B[] ).
2.5 BiRAMEKIESLL

WA ATBE R T3 & T Bl duiR s m A F 1)
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Fig. 4 The activity of phage before

and after KSCN washing

AMA SN TR T AR — R, FRATIXT L T E T
60 ‘CHFHE 1 M IMIE (56 CAATHMAIKIE) 537 “Chb
P B I O 2 BORMA K 1 ) X0 I 81 1A% 19 2K 355 1

F. W AR TE 60 °C AL BR R By L35 % & 5, 15, 30,
60 min I, W R IARTEPE A (89. 8044. 41) %5(84. 2%~
94.8%), (81.03 £ 4.08)% (74.1% ~ 85.6%),
(75.30 = 4.61)% (71.3% ~ 81.6%), (73.61 +
3.11) %(68. 4% ~77.4%) (E] 5).
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Fig. 5 The inactivity of alexin in high temperature

2.6 HREERFEE/NRMAE N KRIEXE
%%Eﬂ(T 2 S 574 ) 8 Ik 1 S I TR A SO S
I PR AR 1) 880 A AR R /D BRI BL, 5 min J&
7‘7(05. 4744.26) % (51.6% ~61.8%), 15 min Hf
I/ 2 (20,4842, 33) % (17. 8% ~23.6%) .30 min
A1 60 min AU A (3. 400, 38) % (3. 0% ~3.8%) »
(0.8540.21) % (0. 6% ~1.1%) (K 6). XA LK
W T WEFHFAS SRR RN X SHrmE R
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Fig. 6 The experiment in nude mouse

Ui HMAR L K Rl P g S 56 45 SR AR X 1
2.7 RMFIKE

FATAEN T Z R 5 i a1 & IR AR i
(tryptone) M4 L& H 8 H (BSA) 7 #5843 5% 1L 3%
X TR B S 1EVE . I A B8 (1 R S5 #E 5,15, 30,
60 min B B9 36 4 W B AR & 43 B 4 51 o (60. 57 +
4.75)% (54.7% ~ 66.7%), (23.48 £ 2.63)%
(20. 3% ~26.6%), (12.62 4 1.37)% (10. 9% ~
14.8%),(3.28 £1.22)% (2. 2% ~4.8%); M A
BSA J& A #0884 (65. 95 5. 53) % (59. 8% ~
72.49%), (28.15 4+ 2.23)% (25.4% ~ 31.0%),
(10.40 + 1.16)% (8.8% ~ 11.8%), (1.97 +
0.45) %5 (1. 4% ~2.6%) (B 7). 5XF HAH 344 B
3.
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Fig. 7 The experiment of extra substance
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BEHAEARNAE GRS B2 W N . S i I B (A 7 1L
WP AR A B UG | i A2 ) UK i e W B AR 1 A= )
= 2 HA S L

ARG R WE R AR HE AN BUR N 5 min 5 BIA
K2 50 % BB RS IE L 60 min J5 REIF 1 %A G
FIIWE TR AR, 1T P AE TR B DR S O TR AR O 3
() BN 2R PUIRHTAARTE B 7 (%) 0 B2 7 1 v o onT
REA DU W A & A T LR BUAR B R I3 T
BEARRTEYE, 1 KSCN &b B ] 3850 300 56 1% [ 5 5
TEAMA L J5 206 ) 45 SR 7R 60 °C b BRAG SR T
I3 H SO B AR IS 06 B B, ik S IR T 4R
(R AMAB AR (R, A B 2448 2 S5 A
REHIERR 177 2R 756 D8] 2 P Rk R (1) JE A MA TR 75 e
PEIN RSB0 HE 7R e RE IR B L R G AE
W B AR O TE VE F PR 40338 1 B AR 5 SR R Bl 260 /N
BRI TE LB 42 B 40 A S 10 S0 8 I g 2 5
BV AR TR ) R B R 2Rl i X — R 5 SE e, FRAT
I B 4 A5 0 PR T 558 S 7 A T B TR AR 2R
TG EZ AR HAR T REE HAMAN 0. T 1eG
BEAT PR RS, 1 B 40 75 2252 1 Bt e
FEIRARFEFNTT G TgM, H I TR AT T4 0 e o8 4 2 3 e
N AT e AMAA 1Y 1gM 51 &, I3 A A
B MRDE BSA 7T 555 il B 10037 %) 06k B 1A% 1) 2% 3
FH o DT [T AT BE 2275 TR e i A P s T L 12 2 B XS v
PR A B s F AR 0 A PN o2 A — &2 A 02 FH A (1L
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