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The mitogenic activity of whole cells of 18 strains of lactobacilli toward splenocytes
from C57BL/6 mice was studied. Although most of the strains showed no mitogenicity,
L. fermentum and L. plantarum were capable of increasing the incorporation of 3H-thymi-
dine (*°H-TdR) into splenocytes. Both strains were also able to stimulate the incorporation
of 3H-TdR into splenocytes that had been treated with rabbit antithymocyte serum in the
presence of complement in order to kill T-lymphocytes, but did not stimulate the incorpora-
tion into thymocytes. These results indicate that L. fermentum and L. plantarum cells
act on the B-lymphocyte population of splenocytes.

Keywords——lactobacillus; mitogenic effect; *H-thymidine; C57BL/6; splenocyte;
thymocyte

Various gram negative microorganisms and their components, particularly bacterial
lipopolysaccharide (LPS), have been reported to have a mitogenic effect on lymphocytes in
animals. Grampositive bacteria such as mycobacteria, nocardia and corynebacteria, are
also able to elicit the mitogenic effect.®? Although lactobacilli are commonly found in the
mammalian intestine and have been shown experimentally to stimulate a humoral immune
response,® little attention has been paid to their mitogenic activity.®

Therefore, it seemed worthwhile to examine the mitogenic effect of the gram positive
bacteria, lactobacilli, on lymphocytes of mice. In this paper, we describe the mitogenic
effect of 18 strains representing 12 species of lactobacilli.

Experimental

Organisms Bacterial strains obtained from the American Type Culture Collection or newly isolated
and identified according to Bergey’s Manual®) were used. They are listed in Table I. The bacteria were
cultured at 37°C for 48 h in Rogosa’s medium.® The cells were harvested by centrifugation (8000 rpm,
15 min, 4°C), washed several times with distilled water and lyophilized.

Animals Six- to 12-week-old C57BL/6 male mice (Shizuoka Agricultural Cooperative for Laboratory
Animals, Hamamatsu) were used throughout the experiments.

Mitogens——As standard mitogenic substances, concanavalin A (Con A) and LPS were used. Con A
was purchased from Boehringer Mannheim, West Germany, and LPS was extracted from Salmonella typhimu-
rium LT-2 by the phenol-water method.”

Mitogenicity Assay Spleen and thymus were removed and teased with forceps in cold Eagle’s minimal
essential medium (Nissui Seiyaku Co., Ltd., Tokyo). After brief sedimentation, the cells in the supernatant
were collected, washed with Eagle’s medium and then suspended in 0.839, NH,Cl buffer for 1 to 2 min until
the erythrocytes were lysed. The residual lymphocytes were washed with Eagle’s medium and their viability
was determined by trypan blue dye exclusion. To adjust the cell number, the lymphocytes were suspended
in RPMI-1640 medium (GIBCO, Grand Island Biological Co., U.S.A.) supplemented with 109, fetal calf
serum (GIBCO). The cell suspension (2x 10%/0.25 ml) and 0.15 ml of a suspension of heat-killed lactobacilli
were placed in a sterile culture tube (16 X 125 mm) and the final total volume was adjusted with RPMI-1640
medium to 3 ml per tube. The suspension was incubated 37°C in a humidified CO, incubator (Type CO-MINI
A-1, Tokiwa Co., Ltd., Tokyo) with a flow of 59 CO, in air. Each culture was pulsed with 1 pCi of 3H-
thymidine (*H-TdR; thymidine-6-H, Radiochemical Centre, England) for the final 16 h of incubation.
After incubation for 64 h, the cells were harvested on a glass fiber filter (Whatman, GF/C). The filters were
washed with Hanks’ solution and 59, trichloroacetic acid, and dried. The radioactivity taken up by the
cells was measured with a scintillation counter (Aloka, LSC-661, Aloka Co., Tokyo). Triplicate tubes were
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used for each test. The results are expressed as the mean of counts per min (CPM) per culture with the
standard error.

ATS Treatment of Spleen Cells——Rabbit antithymocyte serum (ATS) was prepared according to the
method of Gray ef al.® The prepared ATS showed 2° and 23 cytotoxic titer for mouse thymocytes and bone
marrow cells, respectively, when it was examined by the trypan blue dye exclusion method.” The spleno-
cytes from C57BL/6 mice were incubated with suitably diluted ATS for 45 min at 37°C in the presence of
complement (guinea pig serum) in order to kill T-lymphocytes in the splenocyte population.

Statistical Analysis——The significance of the results was analyzed by the use of Student’s ¢ test. P-
values greater than 0.05 were considered not significant.

Results and Discussion

The results of mitogenic assays are summarized in Table I.  Whole cells of some lacto-
bacilli were definitely mitogenic for splenocytes, but most of the strains showed no mitogenicity
at 100 ug/ml (Table I) and 10 ug/ml (data not shown).

TaBLE 1. Mitogenic Effect of Lactobacilli on Splenocytes of C57BL/6 Mice

Fxperiment . . Dose M .E. Stimulati
T‘xp(;,\ror'ne Bacterial strain (ug/ml)® eé(l;lpims) E. S ?;tleaglon ?
7 L. delbyueckic YIT 0080 (ATCC 9649) 100 212413 0.7
7 L. leichmannic YIT 0087 (ATCC 4797) 100 445445 1.5 0.05< p <0.1
5 L. lactis YIT 0086 (ATCC 12315) 100 221+8 0.9
4 L. bulgaricus YIT 0046 100 361+ 31 1.5 0.1<p <0.2
5 L. helveticus  YIT 0083 (ATCC 15009) 100 181+ 63 0.7
6 L. acidophilus YIT 0163 100 281+ 14 1.5 0.1<<p <0.2
2 L. acidophilus YIT 0168 100 308+ 15 1.0
7 L. salivarvius YIT 0153 100 306+ 64 1.0
3 L. salivarius  YIT 0155 100 291424 1.4
2 L. caser YIT 0078 (ATCC 393) 100 254419 0.8
2 L. caset YIT 0105 (ATCC 7469) 100 278485 0.9
6 L. casei YIT 0151 100 323+ 24 1.2
1 L. caset YIT 9018 100 431+16 1.2
3 L. plantarum YIT 0102 (ATCC 14917) 100 575+ 172 2.8 0.02<p <0.05
6 L. plantarum YIT 0158 100 328+ 35 1.8 0.05<p <0.1
1 L. fermentum YIT 0159 100 1617+ 25 4.6 p <<0.001
1 50 1463+ 90 4.0 p <<0.001
1 10 1429421 3.9 b <0.001
6 L. brevis YIT 0076 (ATCC 14869) 100 204+5 1.1
4 L. jugurti YIT 0085 100 309+ 19 1.3
1 None (control) 361 +41
2 None (control) 305+5
3 None (control) 206+ 8
4 None (control) 235+58
5 None (control) 251+ 39
6 None (control) 185 £ 55
7 None (control) 297+ 38

Salmonella typhimurium LPS (10 ug/ml) and Con A (1 ug/ml) were added to the splenocytes.

The mean incorporations (cpm) of *H-TdR by these mitogens in the seven different experiments were as follows; LPS: (1)
3687, (2) 2665, (3) 5071, (4) 2147, (5) 911, (6) 752, (7) 1727. Con A: (1) 27293, (2) 38556, (3) 26122 (4) 23574, (5) 7490, (6)
7130, (7) 18910. :

a) ug of heat-killed lactobacilli per ml.

b) Stimulation rate: mean cpm of the experimental group divided by that of the appropriate control group.

L. fermentum showed the strongest activity, when tested at three doses, 100, 50 and 10 pg/
ml. The two strains of L. plantarum were also capable of increasing the incorporation of *H-
TdR. The mitogenic effect of these organisms was observed consistently in several experi-
ments. The results with L. plantarum agree with the findings of others that the cell wall
of L. plantarum has a mitogenic effect on murine splenocytes.®
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TaBLE II. Mitogenic Effect of Lactobacilli on B-lymphocytes in Murine Splenocytes
Untreated splenocytes ATS-treated splenocytes®
Bacterial strain Dose ———— ——
or mitogen (pg/ml)® Mean 4+ S.E. Stimulation Mean+S.E. Stimulation
{cpm) rated (cpm) rate
L. fermentum  YIT 0159 100 387457 2.8% 957 + 46 6.3%*
L. plantarum  YIT 0102 100 395+ 19 2.9% 724+21 4.7%%
L. lactis YIT 0168 100 131+21 1.0 75+12 0.5
L. acidophilus YIT 0168 100 122+ 10 0.9 90+10 0.6
L. casei YIT 0086 100 171418 1.2 78421 0.5
LPS 10 2110+802 15.4 5675 4932 37.2
Con A 1 8546 1535 62.4 187 +4 1.2
None (control) 137+8 153425

*0.02>p>0.05, ** p<0.001.
a) See footnote @) in Table I.
&) See footnote &) in Table I.

¢) Splenocytes were treated with rabbit antithymocyte serum in the presence of guinea pig complement.

Next, to determine whether L. fermentum and L. plantarum are T- or B-lymphocyte
mitogens, T-lymphocytes in a splenocyte population were killed by ATS in the presence of
complement (Table IT). After the treatment with ATS, the mitogenic response of splenocytes
to Con A, a T-lymphocyte mitogen,'® was markedly reduced, whereas the incorporation
of ®H-TdR into ATS-treated splenocytes incubated with S. ¢yphimurium LPS, a B-lymphocyte
mitogen,!? increased. L. fermentum and L. plantarum were also able to stimulate the incor-
poration of 3H-TdR into ATS-treated splenocytes, but L. lactis, L. acidophilus and L. caser
did not affect the incorporation of 3H-TdR into normal or ATS-treated splenocytes.

Furthermore, L. fermentum and L. plantarum did not increase the 3H-TdR incorporation
into the thymocytes (Table III).

TasLe III. Mitogenic Effect of Lactobacilli on Murine Thymocytes

Bacterial strain Dose Mean+S.E. Stimulation
or mitogen (ng/ml)® (cpm) rated
L. fermentum YIT 0159 100 163+ 19 1.0
L. plantarum YIT 0102 100 162 + 52 1.0
L. casei YIT 0078 100 1754+ 22 1.1
LPS 10 162 + 54 1.0 N
Con A 1 842+ 73 5.3
None (control) 158+ 20

a) See footnote &) in Table I.
a) See footnote &) in Table I.

Thus, it is likely that L. fermentum and L. plantarum are B-lymphocyte mitogens.
We have shown that lactobacilli are to some extent mitogenic for splennocytes of mice.
However, the exact nature of the chemical differences that cause the differences in the mito-

genicity of different species of lactobacilli is unknown.
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Des-Pro?-Bradykinin was synthesized by the classical solution method as a reference
compound for a possible contaminant in synthetic bradykinins, and its behavior in various
chromatographic analyses was examined. It showed almost the same Rf values as brady-
kinin under several different conditions in cellulose thin layer chromatography and in
paper electrophoresis, but was clearly separable from bradykinin by reversed phase high
performance liquid chromatography under specific conditions. Since des-Pro?-bradykinin
was found to have a potent bradykinin-potentiating activity, contamination by this
material should be carefully avoided in bradykinin synthesis.

Keywords des-Pro®*-bradykinin; bradykinin; synthesis; HPLC of bradykinin;
ileum contraction; hypotension

Bradykinin is a hypotensive peptide with nine amino acid residues® and has been synthe-
sized by many workers.®> However, careful measurement of the biological potency of different
products does not always give the same value.¥ We considered that this discrepancy might
be due to the presence of by-products which are difficult to remove from the desired product.
Such by-products might contaminate synthetic bradykinin and modify its biological properties.
Recently, Arakawa isolated a peptide from a tryptic digest of human sera, and showed that
it had hypotensive activity in the rat; the peptide had an amino acid composition corresponding
to that of des-proline-bradykinin, but the amino acid sequence has not been determined
yet.® Independently, we synthesized des-Pro?-bradykinin as a possible contaminant of
synthetic bradykinins and examined its behavior in chromatographic analyses. Its biological
properties have also been studied in our laboratory and will be reported elsewhere.®

Des-Pro?-bradykinin was synthesized by a classical solution procedure as shown in Fig. 1.
The fully protected octapeptide was deprotected by the HF/anisole procedure,” and then
purified by ion-exchange chromatography on CM-cellulose followed by column chromato-
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