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Abstract: [Objective] To improve the storage stability of the phage at room temperature, solve
the problem of inactivation of phage cocktail in vivo, and provide references for the effective
treatment of gastrointestinal diseases by phages. [Methods] This study prepared phage cocktail
microsphere powder by spray drying technology. The optimal preparation conditions were
determined by single factor experiment and orthogonal experiment. The characteristics were
studied, and the stability of the phage was compared with that of free phage at room
temperature and in vivo was compared. Gastrointestinal diseases caused by Escherichia coli
O157:H7 were treated by oral administration. [Results] In this study, a combination of
trehalose and leucine was used to prepare a thermally stable phage cocktail microsphere
powder. The results showed that the optimal mass ratio of trehalose and leucine was 9:1, the
optimal speed of wriggling pump was 7.5 mL/min, the optimal trehalose concentration was 2%,
the optimal inlet temperature was 130 °C, and the optimal volume ratio of the phage cocktail
suspension to the protectant solution was 1:50. Under the optimal conditions above, the titer
loss was the lowest, only decreased by (0.623+0.235) log;o PFU/g. After 6 months of storage at
room temperature, the titer loss of the phage cocktail microsphere powder was only
(0.862+0.082) logio PFU/g, which had longer storage stability than the free phage, and the
stability in vivo and therapeutic effect were much better than the free phage. [Conclusion]
Studies have shown that the spray drying method and suitable protective agent formula can be
used to prepare phage cocktail dry powder with biological activity and thermal stability, which
can extend retention time, facilitating the transportation under normal temperature conditions.
This provides references for the transformation of phage preparations from the laboratory to the
industrial large-scale production. Moreover, the phage microsphere powder shows an excellent
ability to remove E. coli in the intestinal tract with a high speed, indicating its potential as an
orally therapeutic agent in vivo.

Keywords: phage cocktail; spray-dried microsphere powder; Escherichia coli O157:H7; phage
therapy; in vivo
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Table 1 Primers for detection of Escherichia coli
0O157:H7

Primers  Primer sequence (5'—3’) Gene
O157-F AAGATTGCGCTGAAGCCTTTG rfbE
0O157-R  CATTGGCATCGTGTGGACAG rfbE

H7-F GCGCTGTCGAGTTCTATCGAGC fliC
H7-R CAACTGTGACTTTATCGCCATTCC fliC
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Figure 1 Effects of different protective agents on
spray-dried phage titers. *: Significant difference
between the trehalose group and the lactose group
(P<0.05); **: Significant difference between the
trehalose group and the chitosan group (P<0.01);
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trehalose group and the sucrose group (P<0.001);
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Figure 2 Effect of the ratio of trehalose to leucine
on spray-dried phage titers. The standard deviation
in the figure represents the degree of dispersion of a
set of three data.

<l actamicro@im.ac.cn, & 010-64807516

PRI RIEC T R A ek 9:1 AT et S 5%
RIRAA .
2.2 BEFRAEAIEIRZIALE

N RIRB LR 3 R, IEsh ki
7E 7.5-9.0 mL/min B, {0 A E4) s P AT i 2R
B/, H(0.633+0.080) log,o PFU/g (K 3A). B
PRAF VRS R T T B R AN T, W TR A
FERR ORI, Vi SR Oy 290, W TR A
TG PR AR R, W AT B AU % 0.834 logyo PFU/g
(¥l 3B), AL, H B 2R 25 TR L
A 3L 2 30 T R DG, A T IR R TG, X
e W DA AR ) P B/, TE PR R, A R
S 110 °C B % W o A FE B R b,
(0.630+0.023) log,o PFU/g (& 3C), MEE AR
W5 R4 FA R AR ECAE 1:100 5 1:50 Z 1]
B, WE R R IR TR 2R, R
(0.844+0.242) logy, PFU/g, LA 1:50 Wi
AT R )N, TFE 0.6 logye PFU/g (8] 3D).

IEASIRIGEE TN 2 FR. M 2 AT, 24
WESNZEHE R 7.5 mL/min, VFEUHREEE N 2% . A
FHREE 130 °C. W AR S PR3P AR
Eb R 1:50 B, PR {AONS B2 TP M 55 T il e A9 711 1Y
B EN, T %(0.623+0.235) logy PFU/g,
AR A BA B AP AL R
2.3 TEREAEE T IR ES TR E R
2.3.1 WEBFINRENES

30 20 W5 25 TR 1 o A ) AR X e T
PRI EFINNE 4 Fiw, WE 4A Hn]
DIAE B AR B2 i, IR A, BARIR
WahtE. IWE 4B haTLIES], 7E BT
93 A A 2 T s S HEURS O ERTE 0RE, 1Bk =22 [A) AN %8k
i o HOPERCT  RLRE S AT IS FEL AR, O 3-10 pm
NG, ZAEPTE 5 um,
232 METFIRHELRNH—4

[7i] — itk Y ] S 1) Tl B o R0 8 — M 5 R
Bl SA BT, 5 0 (e 35 0 s o 1A 3 i 45



BRI | YRR, 2023, 63(8)

3209

>
]
o

1

e

o
n
T

Titre loss (log,,)
= :
T
/ﬁ
N\
"~

=
=]

@]

051

Titre loss (log,,)
=

Titre loss (log,,)

00 1 1 1 1 ]
100 120 140 160 180 200
Inlet temperature (°C)

B3 &BEENEETREEEEREERNZI

Titre loss (log,,)
o

%

0 1:100  1:75  1:50  1:25  1:10 1:5
Volume ratio of phage to protective agent

Figure 3 Effect of single factors on spray-dried phage titers. A: Effect of wriggling pump speed on
spray-dried phage titers. B: Effect of trehalose concentration on spray-dried phage titers. C: Effect of inlet
temperature on spray-dried phage titers. D: Effect of phage to protective agent ratio on spray-dried phage
titers. The standard deviation in the figure represents the degree of dispersion of a set of three data.
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Table 2 The orthogonal test for preparation of phage
cocktail spray drying microspheres
No. A (mL/min) B (%) C (°C) D

Titre loss (log;o)

1 3.0 1 110 1:100 -1.780+0.216
2 4.5 1 110 1:100 -1.388+0.158
3 6.0 1 110 1:100 -1.550+0.127
4 7.5 1 110 1:100 -1.966+0.229
5 3.0 2 130 1:50 -1.386+0.105
6 4.5 2 130 1:50 —0.962+0.072
7 6.0 2 130 1:50 —0.821+0.162
8* 7.5 2 130 1:50 —0.623+0.235
9 3.0 3 150  1:25 -1.616+0.170
10 4.5 3 150  1:25 -1.318+0.026
11 6.0 3 150  1:25 —0.956+0.058
12 75 3 150 1:25 —-0.868+0.139
13 3.0 4 170 1:10 -2.564+0.315
14 45 4 170 1:10 —2.290+0.201
15 6.0 4 170 1:10 -2.112+0.084
16 7.5 4 170 1:10 —1.742+0.164
17 3.0 5 190 1:5 —2.936+0.159
18 45 5 190 1:5 —2.734+0.238
19 6.0 5 190 1:5 —2.283+0.113
20 75 5 190 1:5 —2.159+0.096

A: The speed of wriggling pump; B: The concentration of
trehalose; C: Inlet temperature; D: Volume ratio of phage to
protective agent; Titre loss: Titer loss of phage cocktail

microcapsules; *: Prarameters with minimal titer loss.

A 9. ns
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Phage titer (log,, PFU/g)
(=)}
T

wn
T

1 2 3 4 5
Samples of spray drying

B 5 MEFREEEERER
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Figure 4 Images of spray-dried phage microsphere
powder. A: Phage microsphere powder in visual
observation. B: Phage microsphere powder under
optical microscope.
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Figure 5 Characteristics of spray-dried phage samples. A: Homogeneity of spray-dried phage samples. B: Moisture
content of spray-dried phage samples. ns: No significant difference between two groups of data (P>0.05).
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Figure 7 Stability of phage in simulated body fluid. A: The stability of free phage cocktail in simulated
gastric fluid (SGF). B: The stability of spray-dried phage cocktail microsphere powder in SGF. C: The
stability of free phage cocktail in bile salts. D: The stability of spray-dried phage cocktail microsphere
powder in bile salts. E: The stability of free phage cocktail in SIF. F: The stability of spray-dried phage
cocktail microsphere powder in SIF. The standard deviation in the figure represents the degree of dispersion
of a set of three data.
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Figure 9 Changes of inflammatory cells and inflammatory factor in blood of mice. A: The change of
neutrophils in the blood of mice. B: The change of lymphocytes in the blood of mice. C: The change of
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phage group and the microencapsulated phage group (P<0.01).

http://journals.im.ac.cn/actamicrocn



3214

LI Jin et al. | Acta Microbiologica Sinica, 2023, 63(8)

254 EEFEPAFHELERENHTH
K 10A 4 1-7 d P 3 4l/NREEE KA HT B
O157:H7 AR, AT IR, i e v
AR 5 AR ZEE N O157:HT &
WSS | REGR T, U LI i (A e
41 P iK51(6.73+0.13) log;o CFU/g, TBEAb TR 1A
ZH AN 3 AT, 1(4.4120.17) log,o CFU/g,
X AT BB SR TS 55 T ik D AT A 7R P A
FHM . ZI5 6 d N, R TR (R 4] R R AR
RERL Y O157:H7 £A4E , MTEE LW RIAZA S 3 K
J S T B 4 O R B AR AR & 3loge CFU/g LA
T, 55 REKWARIZEME R O157:H7, 45

Am
S 7
=3
C gt
=D
= 5F
S 4t
b=
e
% 3r =&~ Free phage
8 ree phage
§ 2 ¥~ Microencapsulated phage
= | - Negative control
2
5]
bt 0
0 1 2 3 4 5 6 7

=4 Free phage
~¥- Microencapsulated phage

-#- Negative control

Phage titer (log,, PFU/g)
S

_ b e &
0 | 2 3 4
td

=l |
.

10 FEEPMEREREEFINEL
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Figure 11

Histopathological changes of small intestine in three groups of mice. Al, A2 and A3 are the

pathological changes of the small intestinal villi in the no-phage group, the free phage group and the phage
microsphere powder group, respectively. B1, B2 and B3 are the pathological changes of the intestinal wall of
the small intestine in the no-phage group, the free phage group, and the phage microsphere powder group,
respectively. C1 and C2 are pictures of the small intestine blood vessels in the phage microsphere powder
group and the free phage group, and the arrow in C3 shows the neutrophils in the small intestine of the free
phage group. The magnification of mouse intestinal tissue is 400 times.
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