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Summary. The role of interferon (IFN) 7 in controlling chronic infections of Listeria monocytogenes (Listeria) was 
studied in athymic C57BL/6 nu/nu mice, and by treating thymectomized C57BL/6 4-/4- mice with monoclonal rat 
CD4 and CD8-specific monoclonal antibodies (Mab). Mice treated with a combination of the two T cell subset 
antibodies were similar to athymic, nude mice in being able to contol Listeria infection, keeping the titers 
below 3 - 5  log~o bacteria per organ, but they could not eliminate them completely. Treatment with antibodies to IFN 
7 of nude or CD4 § + CD8 § - T  cell-depleted mice suffering from chronic Listeria infection caused a marked increase 
of Listeria titers in liver and spleen. This result implies a role of IFN ~ in maintaining anti-Listeria resistance in mice 
lacking mature T cells. 
Key words. T cell deficient mice; nude mice; T subset depleted mice; interferon 7; Listeria monocytogenes. 

Antibacterial cell-mediated immunity is biphasic; first, 
resident macrophages limit early bacterial growth, and 
then, subsequently to the induction of a specific T cell 
response, mononuclear phagocytes are attracted by T cell 
products (lymphokines) to the sites of bacterial prolifera- 
tion and are stimulated by them to express increased 
bactericidal activity 1-3. The function of T cells and 
lymphokines (e.g. interferon IFN ~) in the activation of 
antibacterial host defense during Listeria infections has 
been well documented 2, 4- 7. The role of lymphokines in 
controlling Listeria in T cell-deficient mice is less 
clear 8-10. Several studies have shown that nude mice are 
able to control bacterial titers at a certain level over an 
extended period of time despite the absence of significant 
populations of mature T cells xo-13. This study attempt- 
ed to evaluate the role of IFN 7 in the apparent long-term 
control of  Listeria in mice lacking mature T cells. 

Materials and methods 
Mice. Six- to eight-week-old inbred C57BL/6 (H- -2  b) 

4-/4- and nu/nu mice were bought from Bomholtgard, 
Ry, Denmark. The 4-/4- mice exhibited high-intermedi- 
ate resistance to Listeria as described by Cheers 14. 

Antibodies, thymeetomy and T cell depletion. The rat IgG 
2b, monoclonal antibodies YTS 169.4 (CD8-specific 
Mab) and YTS 191.1 (CD4-specific Mab) were prepared 
as described 15,16. Mice were treated with about 1 mg of 
active antibody as indicated in the experiments. Deple- 
tion was > 9 7 %  for both the CD4 and CD8 T cell 
populations. The sheep anti-murine IFN 7 antiserum and 
treatment of mice has been described in detail else- 
where 17. Mice were thymectomized at the age of 6 - 8  
weeks according to the method of Monaco et al. 18. The 
animals were allowed to recover for at least 4 weeks 
before they were treated twice with antibody. 

Culturing and enumeration of bacteria. A seed-culture of  
Listeria monocytogenes was originally obtained from Dr 

R. V. Blanden, Australian National University, Canber- 
ra4; the lethal dose 50% was about 1.5 x 105 cfu for 
C57BL/6 + / +  mice. Methods of culture and enumera- 
tion were as described 3, 4, x 7 

Production and assay of IFN ~. Unfractionated spleen 
cells from untreated thymectomized C57BL/6 mice or 
from those which were injected with CD4-specific Mab, 
with CD8 Mab or with a combination of the two anti-T 
cell subset antibodies were adjusted to a concentration of 
5 • 10 6 lymphocytes/ml in Iscove's modification of Dul- 
becco's medium (IMDM) supplemented with 5 % FCS, 
10 -SM 2-mercaptoethanol, 100U/ml of penicillin, 
streptomycin and 2 mM L-glutamine. Spleen cell suspen- 
sions were transferred to a 24-well plate and stimulated 
for 48 h with 5 ~tg/ml of concanavalin A (Pharmacia, 
Uppsala, Sweden). IFN ~ was measured by a solid phase 
sandwich immunoassay method 16,19 using the rat anti- 
IFN 7 Mabs R4-6A2 and An-18 (kindly provided by Dr 
E. Havell, Trudeau Institute, Saranac Lake, NY, and Dr 
S. Landolfo, University of Turin, Turin, Italy). 

Results and discussion 
Comparison of resistance to Listeria in CD4 + + CD8 + T 
cell-depleted mice and athymic mice. Thymectomized 
C57BL/6 mice were treated with a combination of CD8 
and CD4-specific Mab 14 and 10 days prior to infection 
with 400 cfu of Listeria. Mice were sacrificed 6 and 12 
days after bacterial challenge and Listeria titers were 
measured in the liver and spleen. At both time points the 
values assessed in C D 4 + +  CD8 + cell-depleted mice 
were comparable to those found in athymic, T cell-in- 
competent mice. Mice treated with both the anti-T cell 
subset antibodies, and also nude mice, were able to con- 
trol the spread of Listeria to a certain level but were not 
able to completely eliminate the bacterium (table 1). 
No significant differences could be observed between 
thymectomized but otherwise normal mice and thymec- 



Research Articles Experientia 47 (1991), Birkh/iuser Verlag, CH-4010 Basel/Switzerland 631 

Table 1. Antibacterial host defense in killer plus helper T cell-depleted C57BL/6 mice and influence of anti-IFN ~, antibodies on host-Listeria balance 
in the absence of mature CD8 + and CD4 + T cells. 

Mouse strain Listeria titer (log10) per organ + SEM 
Treatment Day 6 Day 12 Day 15 

Anti-IFN V Normal serum 
Liver Spleen Liver Spleen Liver Spleen Liver Spleen 

C57BL/6 + / +  Thymectomized anti-CD4/CD8 3.1 + 0.3 4.2 + 0.3 3.5 + 0.4 4.4 + 0.3 5.8 + 0.6 6.6 + 0.7 3.6 + 0.4 4.7 + 0.3 
C57BL/6nu/nunone 3.3+0.2 4.3+0.3 3.4+0.3 4.7+0.4 6.2+0.5 7.1+0.6 3.7+0.5 4.8+0.4 
C57BL/6 + / +  Thymectomized none 2.4+0.3 3.2+0.2 <1.5 <1.5 <1.5 <1.5 <1.5 <1.5 

Thymectomized C57BL/6 mice were injected with CD4 and CD8-specific Mab antibodies 10 and 14 days prior to infection with 400 cfu of Listeria. 
Groups of mice were killed 6 and 12 days later. The remaining infected, CD4+/CD8 + cell-depleted mice and nude mice were treated with 2 • 104 
neutralizing units of anti-IFN V on day 13 and 14 after bacterial challenge; Listeria titers were assayed 24 h later. Indicated values represent the mean 
of five individual organ samples 4- SEM, The results are representative for two similar experiments. 

tomized animals treated with a combination of the two 
anti-T cell subset antibodies when measuring the bacteri- 
al titer in the blood 5 min and in the spleen and liver 
60 min after i. v. infection with 6 • 104 cfu of Listeria (not 
shown). To assess whether IFN 7 played a role in the 
anti-Listeria activity expressed in CD4 + + CD8 + T cell- 
depleted mice or in nude mice, animals of the same exper- 
imental groups were treated with a polyclonal anti-IFN 
7 antiserum or normal serum on days 13 and 14 after 
Listeria infection, and were killed 24 h later (table 1; 
day-15 groups). CD4 + + CD8 + T cell-depleted, thymec- 
tomized C57BL/6 mice and athymic C57BL/6 nu/nu mice 
treated in addition with anti-IFN ~ had Listeria titers 
that were 2 log units higher than those in identically 
pretreated control mice injected with normal serum. 

Effect of T cell subset depletion on capacity to produce 
IFN 7. Spleen cell populations (5 • 106 cells) of T cell 
subset-depleted mice were stimulated in vitro with 5 Bg/ 
ml concanavalin A and the production of IFN 7 in the 
culture supernatants was assessed 48 h later. Spleen cells 
from thymectomized and normal C57BL/6 mice treated 
with CD4-specific Mab produced approximately normal 
amounts of IFN 7 (table 2). Mice treated with CD8- 
specific Mab or a combination of the two Mab secreted 
reduced amounts of IFN 7 (table 2) but its production 
was not completely abolished. 
When treated with specific anti-IFN 7 antiserum athymic 
nude mice and animals depleted of both CD4 + and 

Table 2. Capacity of T cell subset-depleted spleen cell populations to 
secrete IFN y after stimulation with concanavalin A 

Mab ~eatment of mice IFN 7 release into the supernatant 
(U/ml) 

Cells of normal Cells of 
mice thymectomized 

mice 

CD8-specific Mab 102 ___ 13 75 _ 21 
CD4-specific Mab . 194 4- 25 168 4- 16 
CD4 + CD8-specific Mab 35 + 8 16_+ 9 
None 182 4- 18 137 4- 16 

Spleen cells from normal or thymectomized C57BL/6 mice were stimulat- 
ed in vitro with concanavalin A for 48 h. Subsequently the IFN 7 released 
into the supernatant was titrated in a two-site 'sandwich immunoassay', 
Results are representative for two similar experiments. Values represent 
means ___ SEM of three cultures. 

CD8 + T cell subsets were no longer able to control low 
dose infections of Listeria at the usual relatively stable 
levels of infection 1~ Treatment with sheep anti-IFN 7 
antiserum 13 and 14 days after initiation of infection 
caused an about 100-fold increase of Listeria titers in 
spleens and livers of T cell-deficient mice within 24-48 h. 
The results obtained with this treatment suggest a drasti- 
cally impaired production of IFN 7 in vivo in the absence 
of mature T cells in nude mice, or after T cells had been 
drastically reduced in TX mice; in contrast, in vitro cul- 
tured spleen cells from C D 4 + +  CD8+-depleted TX 
mice still produced some IFN 7 (table 2). These differ- 
ences are not easily explained but probably reflect differ- 
ing readouts and differing sensitivities of the in vivo vs in 
vitro test systems. 
Taken together, the findings presented indicate that IFN 
7 is involved in the partial, and to a certain extent effi- 
cient, control of Listeria replication in both the liver and 
spleen of T cell-deficient mice. This result supports earli- 
er studies by Nakane et al. 24 demonstrating that anti- 
IFN 7, given on day 0 and day I of infection, significantly 
suppressed the Listeria resistance of normal immuno- 
competent mice. The present results apparently contra- 
dict experiments lo showing that treatment of nude mice 
suffering from chronic listeriosis with recombinant IFN 
7 dit not detectably decrease Listeria titers, The explana- 
tion may be that injection of additional IFN 7 cannot 
enhance anti-Listeria activity beyond that normally seen 
in nude mice. However, recombinant IFN 7 has been 
shown to enhance the resistance of neonatal mice 9 
against Listeria, although it is not clear whether the effect 
is related to T cell-deficiency or to the immature status of 
phagocytes in these mice. 
Although rather indirectly, these findings may give some 
indication of the role of class I restricted T cells in immu- 
nity to Listeria in normal mice 20-23. Since these effector 
cells may produce IFN 7 24 as do some T helper cells 25 
their protective role may be mediated by IFN 7 and not 
necessarily via cytotoxicity 2o- 23, particularly if some of 
this T cell activity is not always classically transplanta- 
tion antigen-restricted 22. 
Collectively, the evidence discussed, and the experiments 
presented here, using a low dose of infection and a potent 
neutralizing anti-IFN 7 antiserum, indicated that IFN 7 
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may play a crucial role in controlling Listeria in T cell 
incompetent mice. 

Acknowledgments. The authors would like to thank Dr G. R. Adolf, 
Ernst Boehringer Institut fiir Arzneimittelforschung, for continuous sup- 
port with recombinant IFN 7, and A. Althage for excellent technical 
support. 
This work was supported by grant 3.259-0.85 of the Swiss National 
Science Foundation. 

1 Hahn, J., and Kaufmann, S. H., Rev. infect. Dis. 3 (1981) 1221. 
2 Kiderlen, A. F., Kaufmann, S. H. E., and Lohmann-Matthes, M. L., 

Eur. J. Immun. 14 (1984) 964. 
3 Mackaness, G. B., J. exp. Med. 116 (1962) 381. 
4 Blanden, R. V., and Langman, R. E., Scand. J. Immun. t (1972) 379. 
5 Buchmeier, N. A., and Schreiber, R. D., Proc. natl Acad. Sci. USA 82 

(1985) 7404. 
6 Lane, F. C., and Unanue, E. R., J. exp. Med. 135 (1972) 1104. 
7 Nakane, A., Minagawa, T., Kohanawa, M., Chen, Y., Sato, H., 

Moriyama, M., and Tsuruoka, N., Infect. Immun. 57 (1989) 3331. 
8 Bancroft, G. J., Schreiber, R. D., Bosma, G. C., Bosma, M.J., and 

Unanue, E. R., J. Immun. 139 (1987) 1104. 
9 Chen, Y., Nakane, A., and Minagawa, T., Infect. Immun. 57 (1989) 

2345. 
10 Hof, H., Thymus 10 (1987) 247. 
11 Cheers, C., and Waller, R., J. Immun. 115 (1975) 844. 

12 Emmerling, P., Finger, H., and Hof, H., Infect. Immun. 15 (1977) 382. 
13 Zinkernagel, R. M., and Blanden, R. V., Experientia 31 (1975) 591. 
14 Cheers, C., McKenzie, I. E C., Pavlov, H., Waid, C., and Jork, J., 

Infect. Immun. 19 (1977) 763. 
15 Cobbold, S. P., Jayasuriya, A., Nash, A., Prospero, T. D., and Wald- 

mann, H., Nature 312 (1984) 548. 
16 Leist, T. P., Cobbold, S. P., Waldman, H., Aguet, M., and Zinker- 

nagel, R. M., J. Immun. 138 (1987) 2278. 
17 Leist, T. P., Heuchel, R., and Zinkernagel, R. M., Eur. J. Immun. 18 

(1988) 1295. 
18 Monaco, A. P., Wood, M. L., and Russel, P. S., Annls N. Y. Acad. 

Sci. 129 (1966) 190. 
19 Chang, T. W, McKinney, S., Liu, V., Kung, P. C., Vilcek, J., and Le, 

J., Proc. natl Acad. Sci. USA 81 (1984) 5219. 
20 Cheers, C., and Sandrin, M. S., Cell. Immun. 78 (1983) 199. 
21 Jungi, T. W, Kunz, H. W, Gill, T. J., and McGregor, D. D., Trans- 

plant. Proc. 13 (1981) 1383. 
22 Kaufmann, S. H., Rodewald, H. R., Hug, E., and De Libero, G., J. 

Immun. 140 (1988) 3173. 
23 Kaufmann, S. H. E., Hug, E., V/ith, U., and M/iller, I., Infect. Im- 

mun. 48 (1985) 263. 
24 Morris, A. G., Lin, Y.-L., and Askonas, B. A., Nature 295 (1982) 150. 
25 Mosmann, T. R., and Coffman, R. L., Immun. Today 8 (1987) 223. 

0014-4754/91/060630-0351.50 + 0.20/0 
�9 Birkh/iuser Verlag Basel, 1991 

Brominated diphenyl ethers from a marine bacterium associated with the sponge Dysidea sp. 

G. B. Elyakov, T. Kuznetsova, V. V. Mikhailov, I. I. Maltsev, V. G. Voinov and S. A. Fedoreyev 

Pacific Institute of Bioorganic Chemistry, Far-Eastern Branch of the USSR Academy of Sciences, pr. 100 let Vladivos- 
toku 159, 690022 Vladivostok (USSR) 
Received 2 January 1990; accepted 30 October 1990 

Summary. Bacteria Vibrio sp. isolated from the sponge Dysidea sp. were shown to biosynthesize brominated diphenyl 
ethers. We identified one of the bacterial brominated metabolites, using gas liquid chromatography and mass 
spectrometry to compare this product with standard 3,5-dibromo-2-(3',5'-dibromo-2'-methoxyphenoxy)phenol. The 
latter has been isolated from ethanol extracts of the sponge Dysidea sp. 
Key words. Marine bacteria; sponges; Dysidea sp. 

In recent years, several reports have appeared in the 
literature about the microbial biosynthesis of some 
metabolites which had earlier been isolated from marine 
macroorganisms 1 - 3. In the present work we show that 
symbiotic microorganisms of the sponge Dysidea sp. can 
synthesize physiologically active compounds which be- 
long to the group of brominated diphenyl ethers. To 
identify brominated bacterial metabolites we employed 
tetrabrominated diphenyl ether 1, isolated from the 
ethanol extract of the sponge Dysidea sp. as a standard. 
The H 1 and C ~3 NMR spectra of 1 were identical to 
those of 3,5-dibromo-2-(3',5'-dibromo-2'-methoxyphe- 
noxy)phenol from Dysidea fragilis 4. 
Eight pure bacterial cultures were isolated from two spec- 
imens of Dysidea sp. collected near the islands Tutuila 
and Ofu (Eastern Samoa) in June 1989, during the 9th 
cruise of the R/V "Akademik Oparin". All the bacteria 

isolated were grown during 96-100 h at 30~ in a ther- 
mostat in 1-1 flasks with 500 ml of medium (peptone 5 g, 
yeast extracts 2.5 g, MgSO4 �9 7H20 0.1 g, seawater 1 1). 
Evaporated butanol extracts from culture broths were 
tested for the presence of brominated metabolites, using 
negative ion mass spectrometry (NIMS) with direct inlet 
for detection of characteristic ions of Br at m/z 79 and 81. 
Thus the presence of brominated compounds was 
demonstrated in the culture broths of two bacterial 
strains of the genus Vibrio. One of these strains, KMM 
9-81-1, was cultivated under the above conditions. 
The filtered culture broth was extracted by n-butanol 
and the butanolic extract evaporated in vacuo. The 
dry concentrate was fractionated in the system: wa- 
ter:ethanol:chloroform (1:1:1). Substances that gave a 
color reaction with diazotized benzidine, characteristic 
for phenol compounds, were present in the chloroform 


