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vitro technique 23. Concentrations of 10 ppm peptide in 
rumen liquor significantly increased the digestion of starch 
following a 24-h incubation (about 1.9%), but it decreased 
with more than 100 ppm. In the case of cellulose, 100 ppm 
and 500 ppm increased the digestion about 7.6% and 7.5%, 
but decreased the activity of rumen microorganisms in 
higher concentration. 
When subjected to quantitative amino acid analysis, crys- 
talline paracelsin exhibits non-stoichiometric amino acid 
ratios which indicates its microheterogeneity. Using HPLC 
it could be separated in 3 main components, paracelsin A, 
B and C (fig.). After vigorous hydrolysis of isolated com- 
ponents the amino acid composition could be determined 
(table 2). Paracelsin cannot be esterified by diazomethane, 
indicating that Glx is present as Gln. The occurrence of 
Phol was proved by UV-spectroscopy (maxima at 253, 260, 
262, 265 and 269 nm), 2-dimensional TLC of a hydrolysate 
(lst direction: n-butanol-acetic acid-water 40:10:10, v/v; 
2nd direction: phenol-water 75:25, w/w) and comparison 
with synthetic Phol, and 13C NMR-spectroscopy (62.89 
MHz, in 12C,2H-methanol): 6ppm=38.1 (Phol-Cfl), 54.2 
(Phol-C~), 64.8 (CHzOH); phenyl: 127.2 (C-4), 129.2 
(C-3,5), 130.5 (C-2,6), 139.8 (C-I). The blocking of the 
N-terminal amino acid by an acetyl group could be demon- 
strated unambiguously, using methods which were devel- 
oped for sequencing trichotoxin and related peptide anti- 
biotics 24. 

Part B of this piece of work has been submitted for publication 
in Experientia. 

1 Acknowledgments. We thank Miss I. Ackermann and Mrs 
A. Kaupp for their valuable technical assistance, Dr G. Wolf 
for supply with microorganisms, Mr H. Steingass for ex- 
periments on rumen fermentation, Dr M. Bokel for NMR and 
Prof. W. Christ for his encouragement. 

2 For a review see: Jung, G., Brtickner, H., and Schmitt, H., in: 
Structure and Activity of Natural Peptides, p. 75. Eds W. Voel- 
ter and G. Weitzel. De Gruyter, Berlin 1981. 

Experientia 39 (1983), Birkhauser Verlag, CH-4010 Basel/Switzerland 

3 Brt~ckner, H., K6nig, W.A., Greiner, M., and Jung, G., 
Angew. Chem. 91 (1979) 508; Angew. Chem. int. Ed. Engl. 18 
(1979) 476. 

4 Aydin, M., Bloss, D.H., K6nig, W.A., Briickner, H., and Jung, 
G., Biomed. Mass Spectrom. 8 (1981) 51. 

5 Brt~ckner, H., Nicholson, G.J., Jung, G., Kruse, K., and 
K6nig, W.A., Chromatographia 13 (1980) 209 and 516. 

6 Bosch, R., BrOckner, H., Jung, G., and Winter, W., Tetrahe- 
dron 38 (1982) 3579. 

7 We would suggest that the comprehensive name peptaibols be 
adopted for all members of this class of antibiotics, defined as 
N-terminal acylated linear pepfides containing several moles of 
Aib (a-aminoisobutyric acid) and an amino aIcoho/(phenyl- 
alaninol, valinol, leucinol etc.) as well as other amino acids. 

8 Meyer, C.E., and Reusser, F., Experientia 23 (1967) 85. 
9 Brewer, D., Hanson, A.V., Shaw, J.M., Taylor, A., and Jones, 

G.A., Experientia 35 (1979) 294. 
10 Gisin, B.F., Kobayashi, S., and Hall, J.E., Proc. natl Acad. Sci. 

USA 74 (1977) 115. 
11 Naqaraj, R., and Balaram, P., Tetrahedron 37(1981) 1263. 
12 Balasubramanian, T.M., Kendrick, N.C.E., Taylor, M., Mar- 

shall, G.R., Hall, J.E., Vodyanoy, I., and Reusser, F., J. Am. 
chem. Soc. 103 (1981) 6127. 

13 Briickner, H., and Jung, G., Justus Liebigs Annln Chem. 1982, 
1677. 

14 Mueller, P., and Rudin, D.O., Nature 217 (1968) 713. 
15 Hanke, W., and Boheim, G., Biochim. biophys. Acta 596 

(1980) 456. 
16 Mandels, M., Weber, J., and Parizek, R., Appl. Microbiol. 21 

(1971) 152. 
17 Montenecourt, B.S., and Eveleigh, D.E., Appl. envir. Micro- 

biol. 34 (1977) 777. 
18 Bruchmann, E.-E., Graf, H., Saad, A.A., and Schrenk, D., 

Chem.-Ztg. 102 (1978) 154. 
19 The name paracelsin was choosen in honor of Theophrast 

Bombast von Hohenheim, called Paracelsus (1493/94-1541). 
20 Raistrick, H., and Rudmann, P., Biochem. J. 63 (1956) 395. 
21 Boheim, G., Universit~t Bochum, personal communication. 
22 Schmidt, W.H., and Moyer, A.J., J. Bact. 47(1944) 199. 
23 Menke, K.H., Raab, L., Salewski, A., Steingass, H., Fritz, D., 

and Schneider, W., J. agric. Sci., Camb. 93 (1979) 217. 
24 Brt~ckner, H., and Jung, G., Chromatographia 13 (1980) 170. 

0014-4754/83/050528-0351.50+ 0.20/0 
�9 Verlag Basel, 1983 

Transfection assay: A new test system for studying mutation induction 
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Summary. A new test system for the detection of mutagens and carcinogens is presented. It is based on the observation that 
mutations in a gene coding for a repressor protein destroy the ability of q~ 105 phage to lysogenize Bacillus subtilis cells. A 
clear instead of a turbid plaque is formed. To exclude cellular influence on the reaction of a mutagen with DNA, purified 
~b 105 DNA was used. The biological properties of the treated DNA in a transfection system were assayed. 

A variety of test systems have been developed in the past to 
detect the mutagenic potential of physical and chemical 
agents 2-4. Recently, a bacteriophage system for detecting 
substances that are potentially carcinogenic has been de- 
scribed 5. In this test, infectious nucleic acids isolated from 
either MS2 or from ~bX174 bacteriophages, treated with test 
compound, were incubated with Escherichia coli sphero- 
plasts and assayed for their plaque-forming capability. This 
is a valuable test, because of its directness. A similar test 
system using purified DNA of a bacteriophage as an 
indicator for the interaction of a mutagen with genetic 
information is describ,ed in the present communication as a 

simple and sensitive test to detect agents which may be 
mutagenic per se. 
Material and methods. Bacteria and phage: A derivative of 
Bacillus subtilis 168, strain BR 95 (tr-~}i ph-e l, ilv A1) and 
the lysogenic strain BR 95 (q~105) together with the temper- 
ate B. subtilis phage ~b105 were kindly provided by Dr Rut- 
berg. 
Growth and preparation of competent cells. For the prepara- 
tion of competent cells, 100 ml of tryptone broth were 
inoculated with B.subtilis strain BR 95 from Tryptose 
Blood Agar Base (TBAB, Difco) plates. Cells were grown in 
a shaker bath at 37 ~ to an absorption at 600 nm of 1.2. 
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Competence medium in which the efficiency of  cells for 
transfection (competence) is increased, was inoculated at 
the ratio o f  1:10 with the bacterial stock suspension and 
shaken at 37 ~ for 4 h. These competent  cells were then 
either frozen with glycerol (30% final concentration) in 
liquid nitrogen or immediate ly  centrifuged and re-suspend- 
ed in the transformation medium 6. 
Isolation of vegetative r DNA. Phage r D N A  was 
isolated from Mitomycin induced lysogenic B.subtilis 
BR 95 (r as described by Rutberg et al. 7. The concen- 
tration of  this vegetative phage ~b 105 D N A  was determined 
spectrophotometrically. In an average experiment a D N A  
stock solution of  400-500 l~g/ml is obtained. This solution 
can be stored for more than 6 months at 4 ~ without loss o f  
transfection activity. Transfection efficiency was deter- 
mined by scoring infectious centers using varous dilutions 
o f r  DNA.  
Treatment of transfecting DNA with mutagens. The D N A  
stock solution is diluted to approximately 40 g g / m l  with 
0.05 M phosphate buffer, pH 7.4. A typical reaction mix- 
ture with a total volume of  1 ml contained 0.5 ml of  D N A  
and 0.5 ml of  the mutagen in either 0.05 M phosphate 
buffer, 0.2 M sodium borate (pH 7.4), distilled water or 
dimethyl sulfoxide. All solutions were freshly prepared and 
used immediately.  D N A  treatment was terminated either 
directly by 10 -~ dilution in 0.05 M phosphate buffer or by 
the addition of  a stopping mixture followed by dilution. 
The stopping mixture for alkylating agents was 0.1 M 
sodium thiosulfate in 0.05 M phosphate buffer. Hydroxyl- 
amine was destroyed by the addition of  1 M sodium 
chloride in 0.05 M Tris/HC1, pH 7.5 containing 10% 
acetone. The reaction mixture was then kept in ice for 30 
min. 0.1 ml of  this mixture was used in the transfection 
assay. 
Transfection assay. A typical transfection assay contained 
0.1 ml of  vegetative r D N A  (either treated with a 
mutagen or untreated as a control) and 0.9 ml of  competent  
bacteria. D N A  uptake by the cells takes place within 
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30 min at 37 ~ with gentle shaking. Aliquots o f  0.1 ml were 
removed and added either directly or after appropriate 
dilution in saline (0.05 M phosphate, 0.075 M sodium 
chloride) to 2.5 ml o f  l iquefied top-layer agar 8 and 0.1 ml of  
an overnight culture of  BR 95 in tryptone broth and plated 
on min-CH agar plates 9. Incubation for 24 h at 37 ~ gives 
turbid plaques 1-2 mm in diameter.  Clear  plaque mutants 
are clearly visible in a lawn of up to l0 s turbid plaques. 
Observations. We tested 14 chemicals, carcinogens as well 
as non-carcinogens (table). A broad range of  doses of  all 
chemicals (with a constant t ime period for 0105 D N A  
treatment) was utilized to check for the existence of  a dose 
relationship. 
Ten of  the chemicals assayed showed a dose relationship. 
With few exceptions, both carcinogens and non-carcino- 
gens were found to be mutagenic in this test system. 
Adrimycin, reported to be mutagenic  in the Salmonella  
assay system, did not show any mutat ion induction in our 
test, whereas hydroxylamine was non-mutagenic  in the 
Ames test but mutagenic  in this test system. Among  the 
14 chemicals tested, N-methyl-N-ni t ro-N-ni t rosoguanidine  
(NMG)  and methyl methane  sulfonate (MMS) were found 
to be highly mutagenic but 9-amino acridine and sodium 
azide were weak mutagens. 
We also measured  the lethal effect of  the mutagen treat- 
ment  by dividing the titer of  treated plaques (Nt) by the 
titer of  control plaques (No). N-Nitroso methyl urea, N M G  
and MMS were found to be highly lethal with N t / N o  
values ranging from 0.03 to 0.06. 
Discussion. In this communica t ion  we describe an easy, fast 
inexpensive and reproducible test to detect agents with 
toxic and mutagenic effects. This test can readily be stan- 
dardized. Once transfecting D N A  has been isolated and 
late logarithmic cultures of  recipient and indicator cells 
have been prepared and frozen, the test requires only 
treatment of  DNA,  growth of  competent  cells for 4 h (or 
use of  frozen competent  cells), t reatment of  competent  cells 
with DNA,  and plating. 

Showing the effect of the 14 chemicals on #105 DNA in transfection assay 

Chemicals Group of Time of 
chemicals ~ DNA 

treatment 
(min) 

Final concentration Mutation/[03 Inactivations Dose Carcinogenic 
ofmutagens transfectants Nt/No relation- or non- 
in reaction (average of (average of ship carcinogenic 
mixture giving 5 experiments)5 experiments)(exist or not) 
maximum 
mutations 

9-Aminoacridine A 30 5 x 10- 6 M 0.10 0.10 No ? 

Bis-(2-chloroethyl)amine B 30 5 x ]0 -4 M 0.6 0.17 Yes ? 

Benzo-(a)-pyrene C 60 5 x |0 4 M - + 

Ethyl methane sulfonate D 180 5 x 10-1 M 0.72 0.15 Yes + 

Methyl methane sulfonate D 30 5 x 10-1 M 2.6 0.03 Yes + 

Diethyl sulfate D 60 5 x 10- 3 M 0.4 0.43 Yes + (weak) 

4-Nitrobiphenyl E 30 5 • 10 -2 M 0.6 0.6 Yes + 

N-Nitrosomethylurea F 30 5 x 10 -3 M 0.9 0.06 Yes + 

N-Methyl-N-nitro-N- F 30 0.01 M 3.5 0.06 Yes + 
nitrosoguanidine 

Adrimycin-Hcl G 30 5 x 10- 6 M - 0.12 + 

Mitomycin-C" G 30 5 x 10- 4 M - 0.04 ? 

Sodium azide H 30 5 • 10 -3 M 0.12 0.2 No - 

Hydroxylamine H 60 1 M 0.65 0.2 Yes - 

Azaserine I 30 5 X 10 - 4  M 0.35 0.4 Yes + 

~A, Aromatic amines; B, alkyl halides; C, polycyclic aromatics; D, esters and epioxide; E, nitroaromatics; F, nitrosamines; G, antibiotics; 
H, nitrogen compound; I, diazo compounds; Nt, titer of treated pl~/ques; No, titer of control plaques. Benzo-(a)-pyrene (activated) gave 
mutation per 103 transfectants=0.15 (work in progress). 
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Most important,  in the system reported here, we test for the 
effect of  mutagen on a regulator protein, a repressor 
determining lysogeny of  phage q5105 in B.subtilis. This 
protein is not  required for phage growth but rather for 
control of  certain functions, and viable mutants are easily 
found. 
The other important  advantage of  the transfection assay is 
its insensitivity towards any cyto-toxicity o f  the agent to be 
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tested, since the chemical can be removed from the reaction 
mixture after the incubation period. 
A limited number  of  chemical  covering 9 major  groups of  
chemicals showing positive results are indicative of  the 
sensitivity and suitability of  this test system. Experiments 
are in progress using a number  of  other  chemicals to 
further confirm the usefulness o f  this test system. 
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Summary. A detailed cytogenetic investigation was carried out on P388 mouse lymphoma cells. The cells have a mean 
chromosome number  of  36.86 with a mode and median of  37 chromosomes. G-banding analysis o f  12 spreads revealed a 
total of  15 marker  chromosomes with chromosome 11, the determinant  of  thymidine kinase, being present only in single 
copy per cell. It is therefore concluded that the P388 cell line is hemizygous at the thymidine kinase locus. Thymidine 
kinase activities were assayed in P388 cells and two other malignant  cell lines, clone 707 Fr iend mouse leukaemia cells and 
L5178Y mouse lymphoma cells. No  clear relationship was observed between enzyme activity and gene dosage. 

Resistance in cultured mammal ian  cells to thymidine ana- 
logues, e.g., bromodeoxyur idine  (BrdU) or iododeoxyuri-  
dine (IdU) is brought about  by deficiency of  the enzyme, 
thymidine kinase. As thymidine kinase is autosomally 
l inked in mammals ,  mutations are required in both copies 
of  the relevant chromosome in order for BrdU (and IdU) 
resistance to occur. It therefore follows that the spon- 
taneous frequency of  cells resistant to either BrdU or (IdU) 

is usually very low e.g. 10-l0 in mouse L cells 2 and 10 -9 in 
hamster V79 cells 3. 
Two exceptions to the observation and expectation of  low 
spontaneous frequencies of  cell lines resistant to halogenat- 
ed thymidine analogues are clone 707 Friend mouse leuke- 
mia cells and P388 mouse lymphoma cells. Both cell lines 
have high spontaneous mutat ion frequencies to thymidine 
kinase deficiency: 5 • 10 -5 in clone 707 Fr iend cells 4 and 

Table 1. Results of G-banding analysis of P388 cells 

Chromosome % of cells containing Mean No. of copies Chromosome % of ceils containing Mean No. of copies 
specific chromosome per cell specific chromosome per cell 

1 100 1.0 M 1 100.0 1.0 
2 100 1.92 M 2 100.0 1.0 
3 100 2.0 M 3 100.0 1.08 
4 100 1.42 M 4 75.0 0.92 
5 100 1.83 M 5 41.67 0.42 
6 100 1.08 M 6 91.67 0.92 
7 100 2.0 M 7 100.0 1.0 
8 100 1.0 M 8 83.33 1.42 
9 100 1.33 M 9 25.0 0.25 

10 100 1.17 M 10 8.33 0.08 
11 100 1.0 M 11 8.33 0.08 
12 100 1.08 M 12 8.33 0.08 
13 100 1.33 M 13 8.33 0.08 
14 100 1.08 M 14 16.67 0.25 
15 100 1.67 M 15 8.33 0.08 
16 100 1.17 
17 100 1.42 
18 100 1.75 
19 100 1.17 
X 0 0 , 
Y 0 0 


