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Pathological characteristics of enterotoxigenic Escherichia coli
K88 and screening of its probiotics

ZHANG Sai-qun* ,ZHU Hong-mei' ,ZHOU Han-tao' ,HUAN G Sufang’ ,L IU Bo®
(1. College of Life Sciences, Xiamen University, Xiamen 361005, China;2. I nstitute of Agricultural Biology
Resources, Fujian Academy of Agricultural Sciences, Fuzhou 350003, China)

Absgtract : Healthy Kunming mice were infected with Escherichia coli strain K88 GFP,which was
marked with green fluorescence protein ( GFP) gene and shared homology with enterotoxigenic E. coli
(ETEC) K88 ,by intraperitoneal injection. Eyeball blood of the infected mice was sampled and the standard
blood biochemical indexes were determined at different moment post-injection. Different organs and ti ssues
of the mice-killed at different time points post-injection were sampled and cultured. Then ,the distribution
of the ETECin the mice was observed by ultraviolet radiating of the green florescence of K88- GFP clones.
Probiotics were screened by using inhibition test invitro and mice feeding test invivo. The results showed
that the ETEC was invasve,and could infect murine liver , kidney , heart ,lung, brain and muscles but
damage serioudy the liver and kidney. Probiotics strain PB JK-2 was selected and proved to suppress the
pathogeny K88 well invivo and invitro.
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1 K88- GFP
Table 1 Blood normal analysis of mice infected by different dilutions of K88 GFP

Time post Dilutions (105??_ Ty HCT/ % MCV/fL RDW-SD/fL  RDW-CV/ % (gH_ ?3_/1)
11 7.00+2.602 37.00+13.882  52.73+0.75% 33.27+3.552 17.03+2.342  112.33+40.38?
1 100 6.94+0.372 36.87 +2.312 53.10 0. 562 38.90+7.202 20.33+4.84% 110.33%6.512
Hour 0.5 1 70 6.73+1.102 35.33+5.372 52.53+0.672 37.80+4.392 20.17 £3.74%  104.67 +£15.312
1 40 7.41+0.24%  40.10+1.592 54.17 + 1. 402 35.30+6.932 17.33+4.40%  120.67 £3.212
110 7.29+0,73? 39,17 +5,152 53,60+1,852 33.77+1.722 16.63+1.97%  116.70+14, 20
11 6.79 +1.48% 35.77+7.66%  52.70+1.042 33.80+2.528  17.47+2.40%® 111.30 +22.00%
1 100 8.25+1.212 44.00 % 6. 422 53.37+1.182 33.83+3.092  17.87+1.24% 134,00 + 18. 682
Hour 2 1 70 5.26+1.67° 27.80+8.67° 52.93+0.672 32.40+0.532  16.00+0. 66" 88.67 +27.15"
1 40 7.25+0.77%® 38.57+3.43%  53,33+3,532 33.97+2.842  17.87+3.01% 120.00+9.54%
1 10 8 31+0 752 44 17+3 402 53 17+1.682 38 70+7.73% 21 47+4.312 132 67+9 292
11 7.43+0.262 40.83+0. 752 54,97 +1.002 37.40+6.432 18.47+4.672  121.00 +3.46
1 100 6.81+0.402 36.00%3.272 52.93+4.312 35.20+3.312 18.70+5.012  107.67 +14.842
Hour 4 1 70 7.76+0.712 42.03+4.972 54.07 +2.242 33.80+3.722 16.43+1.722  126.33+13.322
1 40 6.23+0.80% 34.57 +3.582 55.57 +1.722 38.57+6.272 18.77+3.37%8  103.33+8.39?
1 10 7.26+0.082 38.53+12.308 52.80+2. 182 38.93+4.832 21.73+2 062 115.67+234 502
11 7.99+0.45% 42.30+2.26"  52.97+0.47A 38.80+5.462 20.67+3.022  120.30+7.57*
1 100 6.47+0.528 33.77+2.828 52.17+0.38» 41.00+7.032 22.20+4.822  101.33+8.96"8
Hour 6 1 70 6.25+0.565C  31.00+3.10%¢  49.55+0.55° 35.25+0.652 19.55+0.552 95.50 + 7. 508
1 40 5.67+1.378¢  28.90+6.208¢ 51.23+2.05"B  37.30+6.322 20.23+3.112 87.67 +18.58°
1 10 5 05+0 85 27.13+5.28¢ 53 63+2 12A 36.70+3. 582 18 43 +3.292 83 00+17 008
) MCHC/ WBC/ W-SCC/ W-MCC/ WAL CC/
Nmepost-  pijyions  MCH/PY (g- LY (10°- L") (10°- L-Y) (10°- LY (10°- L9
11 16.10+0.36%  305.33+6.032 3.47+1.292 2.43+0.99? 0.13+0.062 0.90+0.26~
1 100 15.93+0.40%  299.33+8.962 3.10+0.96% 2.77+0.922 0.10%® 0.23+0.158
Hour 0.5 1 70 15.60+0.36%  296.67 +5.132 1.87 £0.552 1.53+0.492 0.03+0.06" 0.30+0.108
1 40 16.37+£0.122  301.33%7.512 2.50+1.25° 2.07+1.22° 0.10%® 0.33+0.15°
1 10 15.97+0.40* 298, 30+3 512 2.50+0. 462 2.10+0. 367 0.10%® 0.30+0.108
11 16.43+0.85% 312.00+10.1%  4.47+0.95* 2.57+0.59? 0.17+0.062 1.73+0.41~
1 100 16.27£0.25%  304.67+3.21%  1.40+0.308 1.10+0.26° 0.10?2 0.20+0.108
Hour 2 1 70 16.90+0.72%  319.00+10.152  1.30+0.108 0.80+0.56" 0.10? 0.40+0.538
1 40 16.63+1.502 311.33+9.61%  1.83+0.518 1.43+0.49% 0.10?2 0.30+0.108
1 10 16.00+0.612 300 33+2 08P 1.60+0.538 1.03+0.81° 0.13+0.062 0.43+0.238
11 16.27 £0.40%  296.33+7.09°  4.50+0.26" 3.03+0.40" 0.23+0.06" 1.23+0.252
1 100 15.83+2.012  298.33+14.012 1.50+0.46° 0.63+0.83% 0.13+0.06° 0.73+0.50%
Hour 4 1 70 16.27 £0.552  301.00+4.352  1.30+0.26° 0.97+0.208 0.108 0.23+0.15
1 40 16.63+0.76% 299.67+6.812  1.83+1.04B 1.17+1.278 0.13+0.068 0.53+0.49%
1 10 15.90+0.46%  301.67+7.022  1.90+0.708 1.43+0 648 0.108 0.37+0.12°
11 15.07£0.32°  284.30+4.628 3.30+0.56% 2.67+0.512 0.102 0.53+0.062
1 100 15.67+0.21® 299.67 +4.62* 2.10+1.212 1.30+0.852 0.13+0.062 0.67+0.312
Hour 6 1 70 15.30+0.20®  308.50 +6.50" 1.85+0.652 1.30+0.602 0.102 0.45+0.052
1 40 15.57£0.67® 303.67 +1.15 3.90+2.812 3.43+2.702 0.102 0.37+0.152
1 10 16.40+1.08%  305.33+8.Q2A 3 63+2 102 2. 97+2 102 0.102 0.57+0 252
Time post- Oiluti W-SCR/ %  W-MCR/ %  W-LCR/ % PLT/ PDW/fL MPV/fL PLCR/ %
infection ilutions (10°-L-Y)
11 69.13+2.73* 4.67+1.10® 26.20+1.66" 701.3+498.6% 6.67+0.312 5.90+0.10" 3.03+0.15°
1 100 88.23+4.67® 2.50+0.26° 9.27+4.54% 658.3+271.8% 6.93+0.322 6.30+0.26% 4.87+1.502
Hour 0.5 1 70 82.17+0.918 2.93+1.20% 14.90+0.358 575.3+84.92 7.20+0.17% 6.20% 4.27+0.97®
1 40 81.67%6.98% 3.57+0.91® 14.77+6.20° 808.7+42.4%* 6.63+0.32% 6.03+0.12% 3.53+1.05%®
+ B + ab + B + a + a + ab + ab
11 57.13+1.02% 4.30+0.17% 38.57+4.18% 799.0+79.1* 6.53+0.31" 5.87+0.15" 4.00+0.442
1 100 79.13+4.2128 4.93+0.15° 15.93+4.252 589.7+117.6"86.77+0.068 5.83+0.06° 4.03+0.992
Hour 2 1 70 61.23+39.90% 6.03+2.58% 32.73+37.342299.0+80.7C 6.80+0.468 6.07+0.32% 4.63+0.992
1 40 77.63+5.712 3.40+0.792 18.97+5.732 401.3+44.68° 6.97+0.158 6.03+0.15% 3.73+1.162
1 10 56 17+42.93% 9.43+9 242 34, 40+33 702265 0+231.2° 9.40+1.328 6.50+0.50%8 4.77+4 162
11 67.30+7.35%8 5.03+1.072 27.67+6.43% 895.7+54.2° 6.93+0.328 6.17+0.15% 3.90+0.612
1 100 35.43+42.39% 8.63+5.10° 55.93+39.312558.3+209.8% 6.73+£0.112 6.00+0.10* 3.57+1.272
Hour 4 1 70 77.83+10.01% 4.40+0.98% 17.77+10.36%380.3+10.1B 6.87+0.45% 6.30+0.262 5.77+1.04
1 40 55.83+37.76% 8.00+5.70° 36.69+32.702243.3+176.9 7.83+1.232 6.73+0.922 5.93+3.23?
+ a + a + a + C + a + a + a
11 80.00+3.022 3.20+0.352 16.80+2.758C 828.7+149.1" 6.77+0.068 6.00+£0.17% 3.00+1.112
1 100 58.07+10.28 6.47+1.682 35.47+8.60° 334.7+108.68 7.80+1.66% 6.20+0.302 3.47+1.072
Hour 6 1 70 66.25+8.45% 4.00+1.56% 29.30+7.10"° 268.0+120.08 7.70+0.60% 6.15+0.05% 3.25%0.552
1 40 83.27+10.29% 3.57+3.75° 13.17+7.00C 179.0+109.3% 9.73+1.74® 6.77+0.612 5.47+2.682
+ a + a + BC + B + a + a + a
, (P<0.05) , (P<0.01) ,

At the same time ,the difference between data with the different small letters within aline is sgnificant ( P<0.05) and the difference between

data with the different capital lettersis very sgnificant difference( P<0.01) . The same asfollows
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Table 2 Analysis of biochemical substances in serum of mice infected by different dilutions of K88 GFP
ALT/ AST/ AST/ALT TG TCHO/ BUN/ UA/
Time post- Dilutions (Uu-L-?Y (Uu-L-?Y (mmol - L) (mmol-L-1Y) (mmol-L-) (mmol-L-1)
infection
11 63.33+12.748 151.33+25.14° 2.43+0.50® 0.77+0.362 1.60+0.272 5.61+0.67*BC 164.00+ 34.122
1 100 78.67+37.10° 236.00+98.40% 3.14+0.892 0.87+0.35% 1.9240.22% 6.37+0.40" 176.33+27.602
Hour 0.5 1 70 65.00+20.818 121.33+16.86° 1.97+0.45® 0.84+0.2228 1.96+0.05% 6.20+0.56" 148.67 +23.63?2
1 40 127.67+16.87% 176.33+9.07® 1.40+0.21° 0.75+0.35% 1.94+0.48% 4.60+0.76C 153.67+8.142
1 10 57.67+6 5]B 151.00 + 41 ng 2.62+0 ﬁgab 0.47+0.03? 2.00+0,.582 5.20+0 ]QBC 139.30+15.802
11 75.67+22.30° 174.30+33.00° 2.37+0.49%C¢ 0.59+0.18% 1.76+0.312  4.73+0.40 119.00+26.20
1 100 63.67+32.47® 177.00+49.57° 3.04+1.078 0.51+0.192 1.52+0.092 5.05+1.48 166.00 + 80. 60
Hour 2 1 70 167.67+61.78* 328.33+139.3021.96+0.27¢ 0.59+0.08% 1.93+0.412 8.07+2.70 154.67 +25.54
1 40 70.67+12.58% 283.33+36.67® 4.09+0.92" 0.59+0.17% 1.58%0.142 6.20 141.00
1 10 50.67+11.37° 232,33+33,99% 4,690+0.89" 0,54+0.,20° 1,91+0,20% 7.90 103.00
11 66.00+1.00° 142.00+11.53% 2.15+0.16" 0.38+0.022 2.22+0.09% 4.43+0.45° 121.33+9.02°
1 100 79.33+18.77% 170.00+7.00® 2.22+0.50®° 0.35+0.13%* 1.80+0.178 6.20+0.90®° 91.50+0.50°
Hour 4 1 70 98.67+37.292 229.00+78.94% 2.42+0.618 0.74+0.262 1.76+0.218 7.47+1.125C 114.67 +26.65°
1 40 92.00+0.77% 194.00+19.00® 2.12+0.18% 0.79+0.32% 1.91+0.16% 8.97+1.16°® 86.33+8.74°
1 10 82.00+14,73% 451,00+99.51A 5.52+0.87% 0.79+0.42% 1,94+0.01* 12.90+2.10° 202.00+37.80*
11 41.00+6.08° 128.30+12.90° 3.15+0.14% 0.45+0.14% 1.99+0.32%  4.77+0.74° 120.00 + 20. 10°
1 100 181.00+80.02" 400.00+118.90* 2.32+0.392 0.66+0.142 2.01+0.292 11.03+1.95% 126.67+14.57°
Hour 6 1 70 83.50+19.508C 193.00 £3.008¢ 2.40+0.622 0.48+0.102 2.04+0.042 9.90+0.90® 140.00+21.00°
1 40 154.67 +66. 988 301.00+68.247B 2.22+0.992 0.48+0.34% 1.92+0.192 13.67+1.74* 169.33*60.80%
1 10 183.00+76.27” 351.00+174.40°82,07+1.34% 0.37+0.08% 1.82+0.15% 14.43+0.85" 253,33+93, 722
K88 )
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