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nucleoli  and round cytoplasmic  inclusions of Drosophila 
fa t  bodies. In  addit ion,  the  dense granules of clubs (one 
of the  Y-chromosome loops in D. hydei spermatocytes)  
also appear  s tained by  Schiff 's  reagent.  In teres t ingly ,  all 
these s tained s t ructures  are v e r y  compac t  and h ighly  
pos i t ive  af ter  s ta ining techniques  selective for proteins  in 
E p o n  semithin  sections 9,18. 
T o d a y  i t  is widely  accepted tha t  r ibosomal  D N A  probab ly  
embedded  wi th in  the  fibril lar region is a pr incipal  com- 
ponen t  of the  nucleolar  body  n. In  such a s i tuat ion,  the  
concent ra t ion  of D N A  seems to be s imply  too low to 
give a posi t ive  Feulgen reaction,  as revealed in nucleoli  
f rom squashes and paraff in  sections4, 12. Af te r  acidic 
toluidine blue has been appl ied to E p o n  sections, the  
typ ica l  o r thochromat ic  s ta ining of D N A  is also lacking 
f rom Allium and Chironomus nucleoliaa. Other  organisms 
in which nucleoli  show conspicuous posi t ive  react ions for 
D N A  are clearly different,  since they  are surrounded or 
pe rmea ted  by  large masses of condensated  chromat in  1.. 
I t  is a l ready  known tha t  some p lan t  nuclei  (par t icular ly  
algae and bryophites)  show v e r y  weak Feulgen staining 15. 
Unmis t akab le  Feulgen react ions are obviously  expected  
to occur  in cells wi th  a great  a m o u n t  of condensed chro- 
ma t in  (e.g. po ly tene  bands, chromocenters ,  mi to t ic  chro- 
mosomes).  However ,  the  nonspecific s ta ining on non- 
hydro lyzed  sections could be caused by  Schiff-react ive 

groups a l ready  present.  As a consequence of incomple te  
cross-linking react ions wi th  tissue elements ,  g lu ta ra ldehyde  
f ixat ion m a y  in t roduce  free a ldehyde  groups l~-1% spe- 
c ia l ly  in prote in-r ich  cell s tructures.  
Since g lu tara ldehyde-f ixed,  Epon -embedded  sections are 
capable of giving percept ible  s ta ining direct ly  after  the  
Schiff 's  reagent ,  careful  control  seems to be necessary to 
decide whether  or no t  a g iven s t ructure  contains  DNA.  
The present  results  suggest t h a t  by  using the  Feulgen 
react ion on semi th in  sections, not  only  false negat ives  
bu t  also false posi t ives are possible. 
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Spec t rome t ry  in Biochemis t ry  and Medicine and the  
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The diagnosis of anaerobic infections 

by J. Wiist 
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In recent years, there has been an enormous increase in 
reports concerning infections caused by  anaerobic bac- 
teria of endogenous origin. This new interest can be 
credited to several developments: clarification in the 
taxonomy of anaerobes, technical advances facilitating 
the culture of these bacteria and the availability of ef- 
fective antimicrobial agents. These developments have 
produced a demand for accurate bacteriological diag- 
nosis (for reviews1-4). There is no single definition of an 
anaerobe 5. In general, anaerobes are bacteria that  sur- 
vive and grow only in an environment with a relative 
lack of oxygen. There are considerable differences in 
the ability of different anaerobes to survive and grow 
in different concentration of oxygen 6. 

I. Anaerobes as normal flora 

Critical to the proper diagnosis of anaerobic infections 
is the fact that  anaerobic bacteria are the predominant 
part  of the normal flora in the oral cavity, the intestinal 
tract  and in the genito-urinary tract  (especially in 
women). In the normal colon, anaerobic bacteria out- 
number the aerobes by 1000 to 1, and in the skin, 
mouth and vagina by  10 to 1. 

With few exceptions, such as tetanus, gas gangrene, 
crepitant cellulitis, botulism and septic abortion, most 
anaerobic infections are of endogenous origin, i.e. they 
stein from the patients own flora. Consequently, it is of 
utmost  importance that  clinical specimens represent 
the material from the infectious process. If  a specimen 
is contaminated with normal flora, the results reported 
by  the bacteriological laboratory may  be very mis- 
leading. 

I I .  Clinical clues suggesting anaerobic infection 

There are a number of clues that  suggest infection by  
anaerobic bacteria. These include7: 

- foul-smell ing discharge 
- locat ion of infect ion in  p r o x i m i t y  to a mucosal  surface 
- necrot ic  tissue, gangrene 
- gas in  t issues or discharges 
- endocardi t i s  w i th  nega t ive  rout ine  blood cul tures  
- infect ions associa ted wi th  ma l ignancy  or o ther  processes resul t ing  

in  t issue des t ruc t ion  
- infect ions re la ted  to the use of aminoglycosides,  to which  mos t  

anaerobes are r e s i s t an t  
- infect ions following h u m a n  or an ima l  b i tes  
- sept ic  th rombophleb i t i s  
- the presence of ' sulfur '  granules  in  discharges (aetinomycosis)  
- c l i n i c a l  se t t ing  suggest ive  of anaerobic infect ion (e.g., sept ic  

abort ion,  infect ion following gas t ro in tes t ina l  surgery) 

I I I. Specimen selection and collection 

To avoid invalid and misleading results, certain 
specimens should not be cultured for anaerobes. For 
example, sputum is unsuitable as the oropharynx con- 
tains large number of anaerobic bacteria. Other clinical 
specimens which should not be cultured anaerobically 
are nasal and throat swabs, feces or rectal swabs, voided 
or catheterized urines, vaginal or cervical swabs (un- 
less collected by visualization) and material from ab- 
dominal wounds obviously contaminated with in- 
testinal contents. 
Acceptable specimens include the following: body 
fluids that  are normally sterile such as bile, pleural, 
sinusitis, joint or peritonitis fluid; surgical specimens 
obtained from normally sterile sites ; abscess contents ; 
blood cultures; deep aspirates of wounds; and speci- 
mens collected by specialized procedures such as supra- 
public bladder, transtracheal and culdoscopy aspira- 
tion. 
When culturing material from wounds and abscesses, 
it is necessary to obtain an aspiration sample with a 
sterile needle or a catheter attached to a syringe. Swabs 
are far less suitable, because such specimens are usually 
very small and difficult to protect from oxygen s . Bart-  
lett et al. 9 have shown in 11 specimens containing at 
least 2 ml aspirate, that  of the 26 anaerobes isolated 
with processing the specimen within 10 rain after col- 
lection, 22 were still present after exposure to air for 
24 h. 

IV .  Specimen transport 

The specimen may  be delivered in the syringe in which 
it was obtained, if the culture is set up within 30 rain 
after collection. For that  purpose tile syringe should be 
closed by  means of a sterile rubber stopper 4. When 
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longer periods are required for transport, gassed out 
tubes with a rubber stopper are convenient 1~ The 
tubes are filled with oxygen-free gas and contain an in- 
dicator so that  one may  be certain that  the atmosphere 
is anaerobic. The indicator may  be incorporated in agar 
or in a fluid diluent. Only a small amount of the diluent 
(which usually contains cysteine to help maintain a re- 
duced atmosphere) should be used to minimize dilution 
of the specimen. 

b) The roll-tube system 2a uses oxygen-free tubes with 
pre-reduced, anaerobically sterilized media. The oxy- 
gen-free atmosphere in the tubes is maintained by  in- 
oculation under a s tream of oxygen-free gas. To obtain 
isolated colonies in these tubes, an agar film on the in- 
ner surface of the tube can be streaked. The major ad- 
vantage of this system is that  every culture tube is 
its own anaerobic container which can be inspected 
and handled at any time without exposing the 

V. Laboratory processing 

A. Direct examination. First, a gram stain should be 
made. The fact that  many  anaerobic bacteria have a 
characteristic pleomorphic morphology, can make it 
possible to provide the clinician with a presumptive 
diagnosis. 
Fluorescent antibody staining appears promising lz-16. 
L. R. Stauffer 17 could presumptively diagnose Bac- 
teroides fragilis by immunofluorescence in 15 of 17 cli- 
nical specimens yielding B. fragilis on culture. No false 
positive reactions were encountered in 15 specimens 
yielding negative culture results. 
Quantitative direct gas-liquid chromatography of clini- 
cal specimens has also been proposed as an aid in pre- 
sumptive diagnosis. Gorbach et al. is have found that  
the presence of isobutyric, butyric and/or succinic 
acids in amounts > 0.1 ~,moles/ml are suggestive for 
anaerobic infections with gram negative anaerobic rods, 
i.e. Bacteroidaceae. In contrast to Gorbach et al. 18 
I have found similar and higher amounts of succinic 
acids in purulent specimens from pure infections by 
Staphylococcus aureus (0.1-0.9 btmoles/ml), fl-hemo- 
lytic streptococci group A (0.15 ~xmoles/ml), Pseudo- 
monas aeruginosa (0.2 txmoles/ml), Nocardia asteroides 
(0.15 btmoles/ml) and in a case of multiple amebic liver 
abscesses (0.5 btmoles/ml; amebiasis diagnosed by  
serology) 19. Although direct gas-liquid chromatography 
of clinical specimens is, in m y  opinion, a useful tool in 
establishing a presumptive and rapid diagnosis, the 
presence of succinic acid has to be interpreted with 
caution. 

B. Anaerobic culture techniques. There are 3 major 
culture systems in use for the isolation of anaerobic 
bacteria: 

a) The most commonly used method is the anaerobic 
jar. The availability of the simple GasPak jar 2~ has 
facilitated anaerobic baeterioIogy in the clinical lab- 
oratory to a great extent. Studies by Killgore et al. 21 
and Rosenblatt  et al. 22 have shown that  recovery of 
anaerobic bacteria is as good as with the more complex 
methods mentioned below, as long as the cultures are 
incubated for 48 h without interruption. The major 
drawback of the method is that  cultures cannot be in- 
spected at any time, and that  all plates are exposed to 
oxygen as soon as the jar is opened. 
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bacteria to oxygen. The drawbacks are the somewhat 
more complicated techniques and that  colony mor- 
phology is less distinctive than on plates. 
c) The third approach is the anaerobic 'glove box'  or 
chamber into which specimens and media are intro- 
duced through an entry lock 24. All procedures are per- 
formed within the chamber by means of rubber gloves. 
Thus, the techniques employed are basically the same 
as in aerobic bench bacteriology. Plates can be in- 
spected at any time under anaerobic conditions. The 
disadvantages of the glove box are its large space re- 
quirement, its relatively high initial cost, and that  all 
manipulations have to be done with gloves and ob- 
served through the plastic wall. 

C. Identification. I t  is beyond the scope of this review 
to give explicit details on the processing and exami- 
nation of anaerobic bacteria. There are several manuals 
to which the reader is referred23,25, 26. Besides 'en- 
richment broth '  such as thioglycollate, enriched agar 
media are essential to the recovery of anaerobes. The 
use of selective media such as those containing kana- 
mycin and vancomycin is frequently helpful in iso- 
lating Bacteroides species. The identification is based 
on morphology, biochemical reactions and the use of 
gas-liquid chromatography. 

Biochemical identification usually requires a large 
bat tery  of tests which makes an exact identification 
quite costly. The systems now commercially available 
(API, Minitek) do not give satisfactory results when 
the results obtained in these systems are evaluated by 
means of the standard tables published in the anaero- 
bic manuals mentioned 27-29. 

Gas-liquid chromatography of fermentation products 
produced by  the anaerobic bacteria under investiga- 
tion often allows a genus identification. Gas chromatog- 
raphy may  be unfamiliar to many  bacteriologists but 
it is a simple procedure providing much information. 
One may  question whether definitive identification of 
anaerobes is necessary for the clinical laboratory. For 
most clinical purposes, the exact identification is not 
necessary for the management  of an infection. How- 
ever, laboratories should at least be able to rapidly 
recognize the bacteria in the Bacteroidesfragilis groupSO 
and Clostridium perfringens, as these are the most 
frequently encountered anaerobes, possessing the 
greatest  pathogenic potential. In addition, the B. 
fragilis group is resistant to the most often used anti- 
biotics such as the aminoglycosides and the fl-lactam 
antibiotics. 
Nevertheless, there are arguments which favor a de- 
finitive identification: the portal of entry or source 
may  be found in cases of unclear bacteremia. The 
strong association between Clostridium septicum in- 
fection and malignancy underlines the desirability of 
proper identification 31. In certain cases, accurate 
identification permits differentiation between relapse 

of an old infection and a new one in the same patient. 
Finally, careful bacteriological and clinical studies will 
permit us to gain information regarding the importance 
of various anaerobes in different infections and the 
management and prognosis of these infectious pro- 
cesses. 

D. Antimicrobial susceptibility testing. Controversy 
exists on whether or not anaerobic bacteria should be 
tested routinely as to their susceptibility to antimicro- 
bial agents or if the t reatment  should rely upon pub- 
lished data obtained by minimum inhibitory concen- 
tration determination a2-3a. As I have encountered 
several strains with atypical resistance o v e r a  period 
of a few months (Bacteroides fragilis resistant to 
100 ~zg clindamycin/ml and Clostridium perfringens re- 
sistant to 25 ~xg penicillin/ml or 50 ~xg chloramphenicol/ 
ml), I am in favor of routinely testing at least those 
anaerobes which may  have a clinical significance from 
sources not contaminated with normal flora 36. This 
testing should include the agents known to be effective 
against anaerobes, i.e. chloramphenicol, clindamycin, 
erythromycin, penicillin, tetracycline and probably 
metronidazole or a related compound such as ornida- 
zole or tinidazole. 
Unfortunately, the methods used in aerobic bacterio- 
logy cannot be used in testing anaerobes. This especial- 
ly applies to the Bauer-Kirby method37, 38. Sutter 
et al. 2s have published a reliable disk diffusion method. 
However, it has several disadvantages such as the need 
for plates poured immediately prior to use. I t  also re- 
quires species identification because there are different 
standards for interpreting zone diameters. A simple 
and reliable method is the broth-disk test by Wilkins 
and Thie189, 40. I t  consists of adding regular antibiotic 
susceptibility disks to tubes of anaerobic broth in 
order to achieve an antibiotic concentration in the 
broth that  is similar to that  obtained in blood. The 
tubes are inoculated with 1 drop of the culture to be 
tested. The organism is considered resistant to an anti- 
microbial agent if, after incubation, the turbidity is 
greater than 50% of a control tube without any anti- 
microbial agent. For a review of methods, see Wilkins 
and Appleman 34. 

VI. Serology 

Serologic studies have been tried for the diagnosis and 
subsequent follow-up of patients with infections caused 
mainly by the Bacteroides fragilis group using ag- 
glutination, indirect fluorescent antibody and agar gel 
diffusion tests 41. Antibodies could be found to the 
homologous bacterial strains isolated from the patients, 
whereas titers to heterologous strains of the same 
species were usually very low. Antibodies to various 
members of the Bacteroidaceae could be detected in the 
serum of normal individuals 42-45. Due to the great 
many  genera and species comprised of different sero- 
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types involved in anaerobic infections 46-49, it will be 
difficult to establish reliable and relatively simple sero- 
logical methods. Nevertheless, the attempts ought to 
be continued for patients in whom anaerobic infection 
i s suspected, but the etiologic agent cannot be cultured. 
The main problem will consist in developing more 
sensitive methods and in differentiation between titers 
found in healthy individuals and in infected patients 
when a rise in titer cannot be found. 

VII .  Conclusion 

Over the last decade, important progress has been 
made in the knowledge of infections caused by anaero- 
bic bacteria. There is still more effort needed to gain a 
better understanding, finally resulting for the benefit 
of the patient. 
The diagnosis of anaerobic infection requires a good re- 
lationship between the physician and the bacteriolog- 
ical laboratory, otherwise much of the effort, and the 
resources, are spent in vain, e.g. in examining speci- 
mens contaminated by normal flora. Establishing a 
good contact between physician and laboratory will 

pose problems in countries such as Switzerland, with a 
centralized structure where bacteriological laboratories 
are usually not incorported into the hospitals. The 
laboratory has to inform physicians which specimens 
are suitable and offer them facilities and advice for 
transport. On the other hand, the physician ought to 
give as much information as possible to the laboratory. 
As current methods for anaerobic cultures require 
much time, reports will often be too late to benefit the 
patient. Therefore, rapid methods must be developed 
such as immunofluorescence, direct gas-liquid chro- 
matography for metabolites and serology. Perhaps 
some totally different approach may be found; in some 
respects it is amazing that bacteriology still basically 
relies on the methods developed towards the end of the 
last century. 

46 H. Werner, Zentbt. Bakt., Orig. 210, 192 (1969). 
47 H. Beerens, P. Wattre, T. Shinjo and C. Rolnond, Annls Inst. 

Pasteur, Paris 721, 187 (1971). 
48 D .W.  Lambe, Appl. Mierobiol. 28, 561 (1974). 
49 D.W. Lambe and D. A. Moroz, J. elin. Microbiol. 3, 586 (1976). 

Virus diagnostic procedures in clinical virology 1 

by P. S. Gardner 

Virology Department, Royal Victoria In[irmary, Newcastle upon Tyne (England) 

In the 1950% Sir James Spence, Professor of Child 
Health, initiated a study in Newcastle of a thousand 
families to observe all the illnesses which befall chil- 
dren. This led to descriptions Of clinical conditions and 
brought to the forefront that  infectious illness, espe- 
cially respiratory, despite antibiotics, was still the 
major cause of childhood disease, but the agents re- 
sponsible were unknown. 
This study coincided with the period when new virus 
groups were being disccovered; the adenovirus 1954, 
the parainfluenza viruses 1957/58, respiratory syncytial 
virus in 1960 and the rhinoviruses 1961, to quote just a 
few examples. With this interest in acute infectious ill- 
ness in childhood, the development of clinical virology 
in Newcastle in the late 1950's and early 1960's had not 
only a population conditioned to research, but clini- 
cians who wished to know the answers. 
By the mid 1960's it became clear that  conventional 
diagnostic techniques, although serving a research 
and epidemiological need, gave little management aid 
to the clinicians. The developments needed were 
methods for the rapid diagnosis of virus infection 
which would bring a finite diagnosis to the clinician 
within a few h of the patient's admission. 
There are many methods of rapid virus diagnosis but  

this communication is limited to the detection of virus 
antigen present in clinical material, by electron micros- 
copy and immunofluorescence but mention will be 
made of immunoperoxidase technique which is still 
developmental. 

Diagnosis by electron microscopy 

Electron microscopy has become the method of choice 
for the diagnosis of smallpox. With rapid air travel and 
an increasing susceptible population, rapid means for 
smallpox diagnosis is still required until its final erad- 
ication. Electron microscopy will differentiate small- 
pox from chickenpox but not from other poxvirus; 
only egg culture will do this. 
Another emergency for rapid diagnosis is suspected 
herpesvirus encephalitis; this can be achieved by 
examining brain biopsy material by electron micros- 
copy. 
There are many viruses which have not as yet been 
satisfactorily cultivated. Among these is orf virus, 
primary an infection of sheep man may acquire. The 
characteristic morphology can be recognized by elec- 
tron microscopy. 
Recently the importance of rotaviruses as a cause of 
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infant diarrhoea, has been determined by  electron 
microscopy. The name 'rotavirus'  has resulted from its 
wheel-like appearance. 
Hepatit is A may  be clumped in a stool specimen by  a 
human convalescent serum, i.e. by  immune electron 
microscopy. These particles could not be found in an 
untreated specimen. 

Diagnosis by immunofluorescence 

The limitation of the technique is in only making a 
morphological diagnosis, other techniques may  have a 
more universal application. Immunofluorescence is 
one, another is immunoperoxidase. The principles of 
immunofluorescence are simple and have been fully 
described elsewhere ~. 
The reason that  many  use the indirect in preference to 
direct, is that  when many  different viral antisera are 
handled their labelling would be tedious especially as 
adequate commercial antispecies conjugate are avail- 
able. Moreover, conjugation of antisera, even in the 
best of hands, lowers the titre. The larger complexes 
one obtains in the indirect, is approximately 10 times 
brighter than that  for the direct. Nevertheless, when 
one is only investigating a small number of antigens, 
the direct method may  be of great use e.g. in the diag- 
nosis of rabies. 
The success of this relatively simple technique depends 
on adequate specimens and adequate numbers of in- 
fected cells in them. More areas of the body are being 
investigated by  biopsy but the most frequent received 
is a brain biopsy. Biopsy material are investigated for 
rapid diagnosis by staining impression smears. 
However, Swedish workers have used frozen sections of 
skin biopsy for rapid diagnosis of skin infections by  the 
pox group, herpes group and measles. Answers are 
available in approximately 4 h 3. 
The author uses skin and conjunctival scrapings for the 
investigation of superficial virus infections, the scrap- 
ings being placed in phosphate buffered saline and 
teased into smaller cell groups with needles 4. 
Respiratory specimens are removed from nasopharyn,  
geal secretions by  suction using a fine catheter at- 
tached to a mucus extractor. Specimens are brought on 
ice rapidly to the laboratory;  cells in specimens are 
separated by slow centrifugation, washed free of mucus, 
resuspended in phosphate buffered saline, placed in 
squares on prepared slides, air dried and fixed in 
acetone. These cell specimens are reading for staining. 
One of the main reasons for the establishment of the 
European Group for Rapid Laboratory Viral Diagnosis 
was to ensure that  reagents used by  European viro- 
logists for rapid diagnosis, were of the highest quality 
and would give no nonspecific actiyity. Commercial 
reagents are becoming available and these too are sub- 
jected to quality control by  laboratories of the Euro- 
pean Group. Staff must be adequately trained and the 

reading of results must be in the hands of senior staff; 
all members of staff, even juniors, must be trained in 
the preparation and staining of the specimens, for these 
are part  of routine laboratory work. 

Diagnosis by immunoperoxidase 

The immunoperoxidase technique is based on very 
similar principles. An enzyme, usually horseradish 
peroxidase, is conjugated with the antispecies globulin. 
The reaction is visualized by using the appropriate 
substrate and can be viewed by an ordinary light 
microscope. The technique has been shown to work in 
tissue culture and for clinical material such as brain in 
the diagnosis of rabies but  specimens from the respira- 
tory tract, contain endogenous peroxidase in the in- 
f lammatory cells causing difficulties in interpretation 5. 
Immunofluorescence can be used for the diagnosis of 
herpesvirus hominis encephalitis in biopsy material; 
therapy with cytosine arabinoside can then be quickly 
started. 

Comparison between immunofluorescence technique and 
virus isolation 

Comparison between immunofiuorescence and isola- 
tion techniques on eye scrapings showed good cor- 
relation; skin scrapings were a little less satisfactory 
but suitable if cells were taken from the base of vesicles 
- crusted lesions were difficult to interpret 4. Investi- 
gations of nearly 6000 admissions showed that  over 
90% of viruses bringing children into hospital, are 
amenable to rapid virus diagnosis; that  surveys can be 
extensive and therefore one can draw conclusions about 
virus infection in the community;  that  some viruses 
cause various syndromes and many  viruses cause all 
respiratory syndromes; that  R.S. virus and bronchi- 
olitis is a common combinatipn, croup and parain- 
fluenza viruses is frequent and that  influenza viruses 
are important  causes of childhood respiratory infection, 
an observation only recently made. Viruses which 
can be detected in respiratory cells are R.S. virus, 
influenza A and B, parainfluenza 1, 2, 3, 4a and 4b, 
adenovirus group and measles. 
Unusual symptoms occur with virus infection; a fre- 
quent cause for admission {o hospital with influenza A 
was a febrile convulsion, another in children with in- 
fluenza B was abdominal pain, a finding helpful to the 
surgeon. 

1 Abstract. Short version of the main lecture. 
2 P .S .  Gardner and J. McQuillin, Butterworths, London 1974. 
3 E. Olding-Stenkvist and M. Grandien, Scand. J. inf. Dis. d, 27 

(1975). 
4 P.S.  Gardner, J. MeQuillin, M. M. Black and J. Richardson, Br. 

med. J. 4, 89 (1968). 
5 P; S. Gardner, M. Grandien and J. MeQuillin, Bulletin WHO, 

in press (1977). 
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The proof that a new technique is reliable needs careful 
comparison with conventional techniques. The few 
failures to make a diagnosis in the case of R.S. virus 
where virus was present in secretions, were due to poor 
specimens submitted. There were however a number of 
secretions which had positive cells present without 
virus being isolated. Their fluorescence was of a dif- 
ferent quality to normal being dull and hazy and the 
patients had long clinical histories. Subsequent ex- 
periments proved conclusively that these dull infected 
cells are coated with antibody making virus cultivation 
more difficult. Comparison of the fluorescent antibody 
technique and isolation methods for influenza A, B and 
parainfluenza 1, 2 and 3 were satisfactory. 

Respiratory virus deaths 

Childhood deaths from respiratory infection still occur, 
the majority of these are probably viral. Immuno- 
fluorescence has helped to determine the cause of 
death as virus isolation may be difficult to achieve 
from autopsy specimens. There are 2 kinds of respira- 
tory death, pneumonia and bronchiolitis, both with 
classical pathological features. Respiratory syncytial 
virus is the most frequent cause of respiratory death 
and may be found in abundance in the lungs of the 
deaths from pneumonia but in bronchiolitis virus is 
scanty and must be sought carefully 6. About a quarter 
of 'cot deaths' are associated with a virus, usually R. S. 
virus; they have the histological features of bronchi- 
olitis with only scanty virus present 7. Most respiratory 
viruses can cause death; influenza A, the parainfluenza 
viruses and adenoviruses are not infrequent causes. 

Application of rapid diagnostic techniques 
a) Management of immunosuppressed patients 

The applications of rapid virus diagnosis to many 
clinical problems has already been mentioned - im- 
munosuppression is now common place in treatment - 
- it involves all grafting operations and also occurs 
during the treatment of leukaemia. Acute lymphatic 
leukaemia in children can in many instances be cured 
but the immunosuppression leads to death from in- 
fection, the great majority being viral. The viruses in- 
volved are rhinoviruses, measles, mumps from which 
normal children rapidly recover. Leukaemic children 

often show the phenomenon of long virus excretion; 
excretion of R. S. virus was noted for 64 days and giant 
cells in measles on the 24th day of rash. 
Rapid diagnosis has provided a means of treatment of 
leukaemic children with virus infection. It  is possible 
that interferon given early in an acute viral infection 
may effect the course of the illness and at the moment 
a double blind control trial is proceeding. 

b) Prevention o/hospital cross-infection 

Rapid diagnostic techniques should prevent cross-in- 
fections from occurring in wards. Influenza A is a 
major culprit and occurs frequently when a child with 
an influenza A febrile convulsion on admission recovers 
and runs around the ward excreting influenza A over 
those with congenital heart disease, mucoviscidosis 
and other illnesses. R.S. virus too, especially in the 
young, causes bronchiolitis in cross-infections and all 
need oxygen and other resuscitative therapy. These 
rapid diagnostic techniques must be utilized for making 
hospitals safe places where children can be nursed and 
not acquire superadded infections. 

c) Virus diagnosis at a distance 

Immunofluorescent techniques lend themselves well 
for diagnosis of virus infections from distant places 
and a comprehensive diagnostic service for respiratory 
viruses is run for a hospital 100 miles away in the 
Lake District 8. 
Besides the many aspects covered, the presence of a 
virus in clinical material means illness and infection. 
With few exceptions notably influenza A, in those with 
a previously damaged lung, the findings of a virus in a 
specimen means that antibiotics will not help and 
paediatricians are now able to be discriminatory in 
their use of antibiotics. Physicians now know that 
answers are available that day and curiosity does not 
need to be satisfied many weeks later as in the early 
days of virology. 

6 W. Aherne, T. Bird, S. D. M. Court, P. S. Gardner and J. Mc- 
Quitlin, J. clin. Path. 23, 7 (1970). 

7 M . A . P . S .  Downham, P. S. Gardner, J. McQuillin and J. A. J.  
Ferris, Br. reed. J. 7,235 (1975). 

8 M . A . P . S .  Downham, F. M. Elderkin, J. W. Platt, J. McQuinin 
and P. S. Gardner, Archs Dis. Childh. 49, 467 (1974). 
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N o s o c o m i a l  e co logy  Of Pseudornonas  aeruginosa .  
A n a l y s i s  of  1545 s t r a i n s  i s o l a t e d  f r o m  1970 to 1976 

P. Scha//er, M. L. Goetz, M. A. Jacquemaire, B. Pottecher, 
E. Reeb et J. Lavillaureix 
Institut d'HygiOne, Facultd de Mddecine, 
Laboratoire d'Hygi~ne Hospitali~re, 
F-67085 Strasbourg Cddex (France) 

The department of 'Hygiene Hospitali~re de Strasbourg' 
has isolated, during 6 years, 1545 strains of Pseudomonas 
aeruginosa from various units in the hospital: surgery, 
intensive care, hemodialysis, etc. The samples were taken 
from patients (428 strains), personnel (72 strains) and 
environment (1045 strains). All these strains have been 
individualized by epidemiological markers: 1. Serogroup- 
ing with the help of 15 agglutinating sera of I. Habs 
system completed by M. Veron and distributed by In- 
stitut Pasteur. 2. Phage-typing on a set of 17 bacterio- 
phages of Lindberg et al. This set was kindly made 
available by Dr J. F. Vieu of the Inst i tut  Pasteur. 
Results. The study of these strains corroborates a highly 
heterogeneous distribution of the germ indicating the 
probability of an origin outside the hospital. 
The study of distribution of strains by unit 
1. of serotypes, shows that  serogroup 6 is the most fre- 
quent (14.9%) followed by serogroup 11 (14.8%) and 
serogroup 1 (9%), and that  28% of strains of all units 
are auto-agglutinable or not agglutinable. The serogroups 
12, 14 and 15 are almost absent. 
2. Of phages, shows that  for all the strains the phage 68, 
than the phage 44, 7, 21, 119 X are the most frequently 
encountered, whereas the distribution is significatively 
different for different units. The phage F 10 lyses only 
0.8% of strains. 
3. Of resistance to antibiotics: shows total resistance to 
all the tested antibiotics except carbenicilline (51% of 
resistant strains), streptomycine (85 %), neomycine (65 % ), 
gentamycine (14~ colimycine (0.40/0), polymyxine (270/0), 
and nitro-5-hydroxy-8-quinoleine (27%). The study of 
resistance shows: a) a different percentage of resistance 
for different units, b) the resistance does not increase 
with time. 
4. The computer study by the method of 'analyse fae- 
torielle des correspondances' does not permit a grouping 
of strains or of phages. 

S t a n d a r d i z e d  an t ib io t i c  a s s a y s  w i t h  p r e s e r v e d ,  
r e a d y - m a d e  i n o c u l a  

W. Tosch and H. Fehlmann 
Forschungslaboratorien der Ciba-Geigy AG, 
Departement Pharma, CH-4002 Basel 

To ensure that  antibiotic assays will yield comparable 
results over periods of many years, the qualities of the 
laboratory strains and clinical isolates used must be kept 
as nearly constant as possible. This requirement can be 
met by using standardized, ready-made inocula from a 
deep-frozen stock, thus obviating the need for recultiva- 
tion. 
Our bacterial cultures are suspended at a defined cell 
density in broth or phosphate buffer supplemented with 
foetal calf serum and stored in portions of about 0.3 ml 
in plastic ampoules at a temperature of -140~ When 
needed for MIC or MBC determination, the ampoules 
are thawed and the contents diluted to give the desired 
inoculum and used immediately. For studies of bacteri- 

cidal kinetics or morphology, in which proliferating cells 
are required, we first incubate the samples for 2-3 h, 
until the log phase of growth commences. 
This method is less timeconsuming than others and 
considerably enhances the reproducibility of the assays, 
notably with prolific fl-lactamase-producing strains and 
the fastiduous strains of Neisseria and Haemophilus, the 
characteristics of which are often altered by storage and 
passage. 
This method of preservation makes it possible to perform 
antibiotic assays over periods of years under standardized 
conditions. 

S e n s i t i v i t y  tes t s  on s t ra ins  of  Gonococcus  o r i g i n a t i n g  
f r o m  the  B a s l e  d i s t r i c t  

J. FiHlhaas, W. A. Vischer, P. Bri~gger and T. Rufli 
Forschungslaboratorien, Pharma Division, 
Ciba-Geigy AG, Post/ach, CH-4002 Basel, und 
Dermatologische Poliklinik, Kantonsspital, CH-4031 Basel 

During the first 4 months of 1977 about 100 different 
strains of Gonococcus were isolated in the out-patient 
department of the Dermatology Clinic of the University 
of Basle. These were systematically tested for sensitivity 
to penicillin G, spectinomycin, thiamphenicol, doxycyclin 
and rifampicin. The MIC values were determined by the 
agar-dilution method on Mtiller-Hinton chocolate agar 
with 2 inocula, and the diameter of the zones of inhibition 
by the disc method according to Bauer-Kirby. Tests for 
fl-lactamase production were made using the chromogenic 
cephalosporin Glaxo 87/312. 
The MIC values found were: penicillin G 0.001-1 ~g/ml; 
spectinomycin 2-16 [~g/ml; thiamphenicol 0.12-4 vg/ml; 
doxycyclin 0.06-4 ~g/ml; rifampicin 0.016-4 ~g/ml. The 
size of the inoculum had little influence on the activity 
of the substances, except for that  of penicillin G against 
the fl-lactamase-positive reference strains. No fi-lacta- 
mase-producing strains were detected amongst the clini- 
cal isolates. In the case of penicillin G, thiamphenicol 
and doxycyclin, there was a correlation between the MIC 
and the inhibition-zone diameter. 

S t a n d a r d i z a t i o n  of  the  s e r o - i m m u n o l o g i c a l  tes t s  
by  the i r  m e c h a n i z a t i o n  or a u t o m a t i o n  by  m e a n s  
of  the  B i o d i l u t o r  and  Bioreac tor  (B io techn ia )  

E. Engelbrecht 
Stichting Samenwerking Del]tse Ziekenhuizen, 
Department [or Clinical Microbiology, 
Reynier de Grae/weg 7, Delft 5010, Holland 

In most cases the demonstration of an antibody or an 
antigen has to be completed with a determination of 
their concentration in the sample, which has to be suffi- 
ciently accurate to allow a comparison to be made with 
the results obtained on foregoing or succeeding samples 
of the same origin, or on a known positive control sample. 
The lack of precision of the results obtained by hand- 
executed, or primitively mechanized tests, renders such 
a comparison rather hazardeous. Furthermore, the work 
itself being time-consuming and tedious, most often semi- 
quantitative,  or even purely quali tat ive methods are 
employed when the number of samples to be examined is 
large in comparison to the time or the personnal available. 
In order to ensure quanti tat ive results, which can always 
be reproduced at any time, in any work situation, we 
developed an accurate serial diluting and dispensing 
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system, based on a new peristal t ic  p u m p  system, and 
realized the  Biodilutor,  a simple and cheap table- top  
device, as well as the  Bioreactor,  an au tomat ic  machine 
wi th  inser table  programme.  Both  devices are now avai lable 
th rough  Biotechnia ,  P.O.B. 562, Voorburg 2119, Holland.  
The  Biodi lutor  allows the var ious operat ions  to be per- 
formed mechanica l ly  wi th  a tligh output ,  the  Bioreactor  
executes  any  classical sero-immunologicM tes t  in a fully 
au tomat i c  way, according to the ins t ruct ions  furnished 
by  the  operator,  and excluding any human  error. The 
accuracy  of the  basic system is such tha t  af ter  10 2fold 
di lut ions the  di lut ing error remains l imi ted  to ~= 1/2 of the  
2fold di lut ional  step. Complement  f ixat ion tests, ant i-  
s t reptolys in  determinat ions ,  haemagglut ina t ion ,  direct  
agglut ina t ion  and immuno-prec ip i t a t ion  tests, radio- 
i m m u n o  assays, enzyme l inked immuno-sorben t  assays, 
and MIC de te rmina t ions  are now rout ine ly  performed 
by  means  of these devices. 

A nove l  m e t h o d  for the produc t ion  of S a l m o n e l l a  
f lage l lar  a n t i g e n ,  used  in  the preparat ion  of 
H - a n t i s e r a  

H. Fey and M. Surer 
Vet.-Bakteriologisches Institut, 
Liinggaflstrasse 722, Post[ach 2735, CH-3007 Bern 

In  the  classical procedure for making  Salmonella flagellar 
antigen,  whole formalinized cultures of highly mot i le  
Salmonella are used to immunize  rabbits .  This  method  
yields OH-sera,  often wi th  dis turbingly  high O-titers.  I t  
would be desirable to use pure  flagellar antigens,  bu t  
unt i l  now its p repara t ion  has proved  laborious (differential 
centr i fugat ion) .  Ear l ie r  we (Fey and Wetzste in ,  Med. 
Microbiol.  Immun .  767, 73, 1975) proposed the  use of 
immunoabso rp t ion  for ant igen preparat ion,  and now des- 
cribe a ve ry  simple new method  which gives a high yield 
and sufficiently pure flagellar ant igen for the product ion  
of ant isera  wi th  high H- t i te rs  and vory  low O-titers.  
W h e n  flagella are brougth  to a p H  of 1.5, t h e y  depoly- 
merize to monorneric subunits  of flagellin (mol. wt  ~30 ,000  
daltons).  W h e n  the  p H  is ad jus ted  back  to neu t ra l i ty  in 
a high salt  concent ra t ion  they  spontaneously  reaggregate  
to polymer ic  flagellin. We  make  use of these quali t ies 
in the  following method  of p repara t ion :  A dense suspen- 
sion of h ighly  mot i le  Salmonellae is b rought  to p H  1.5 
and left  overn igh t  (at 4~ In  some exper iments  the  
bac ter ia  were deflagel lated mechanica l ly  wi th  a waring 
blendor,  cent r i fugated  at 4000 •  and the superna tan t  
b rought  to p H  1.5. Both  superna tan ts  are centr i fugated 
at  49,000 •  (20,000 rpm Sorvall  SS34) for 60 rain. Solid 
a m m o n i u m  sulfate is added to the  superna tan t  to a 2/3 
sa tura t ion  (i.e., 2/3 of 4 M = 2.66 M) and lef t  overnight  
at  4~ The sediment  is reprec ip i ta ted  twice wi th  2/3 
sa tu ra ted  a m m o n i u m  sulfate. The sediment  is dialyzed 
against  phospha te  buffered saline (pFI 7.2). The end 
produc t  developed a s trong precip i ta t ion  line wi th  the  
homologous an t i -H-se rum and a s trong band wi th  2 faint  
minor  bands in the po lyacry lamide  electrophoresis.  
E x a m i n a t i o n  by  t ransmission and scanning EM revealed 
a fair ly uni form suspension of flagellar threads  wi th  no 
visible bacteria.  20 rabbi ts  were immunized  and produced 
tile following t i ters  (number of sera) : H :  3200 (4), 6400 (6), 
12,800 (6), 25,600 (2), 51,600 (2). O: < 50 (9), 50 (1), 
100 (6), 200 (4). 
In  the  Limulus  tes t  our flagellar ant igen is s t rongly 
posit ive,  thus  still conta ining endotoxin.  

Detec t ion  of s t a p h y l o c o c c a l  en tero tox in  B w i t h  a 
n e w  m o d i f i c a t i o n  of the  e n z y m e  l inked  i m m u n o  
a s s a y  (ELISA)  

H. Fey and G. Stiffler-Rosenberg 
Vet.- Bakteriologisches Institut, 
Liinggaflstrasse 722, Post/ach 2735, CH-3007 Bern 

The demons t ra t ion  of s taphylococcal  en te ro tox in  in 
cultures and food is still not  widely  done because of the  
laborious methods  of ex t rac t ion  and concent ra t ing  and, 
af ter  all, because of the  exorb i tan t  prices of ant isera  and 
test  toxins.  In te rna t iona l ly  the  microslide technique  is 
main ly  used which needs only 10 ~xl of ant iserum. Af ter  
pre l iminary  exper iments  wi th  a radio immunosorben t  
test  and an entero toxin-coupled  bacter iophage inhibi t ion 
test  we decided to apply  the E L I S A  which exhibi ts  a 
comparable  sensit ivi ty.  We deviced a modif ica t ion  which 
allows 20 ml of tox in -ex t rac t  instead ot 10 txl to react  
wi th  ant ibody.  This makes  tedious manipula t ions  of 
concentrat ion,  which always cause a heavy  loss of prote in  
superfluous. 
Polys tyro l  pe t r i  dishes are coated  wi th  ant i  en te ro tox in  
B immunoglobul in  ( ammonium sulfate precipi tated) .  
20 ml of en te ro tox in  is added and 6 h la ter  a phosphatase-  
coupled en te ro tox in  B conjugate  as well. Both  ant igens 
compete  for the  an t ibody  sites. After  incubat ion  over  
n ight  at  room- tempera tu re  the  plates are washed and 
substra te  N P P  (p-nitro phenyl  phosphate} is added.  The  
enzymat ic  react ion is s topped after  30 min by addi t ion 
of 2 N NaOI-I (Engval l  and Per lman,  J. Immun.  709, 
129, 1972). If  en tero toxin  is present  the  substrate  remains  

colorless ,  if not,  en tero toxin-phosphatase  is bound and 
breaks the  N P P  down to the  yellow N P  (p-nitrophenol) 
the ex t inc t ion  of which is measured at  403 nm. W i t h  
this simple me thod  we de tec ted  1 ng/ml  en tero toxin  13 
in 9 exper iments ,  0.5 ng/ml  in 8, 0.25 ng/ml  in 6 and 
even 0.1 ng /ml  in 3 exper iments .  
Since most  sensible persons react  clinically if the  in- 
cr iminated  food contains  1-10 [xg of enterotoxin/100 g 
(i.e. 10-100 ng/ml),  our me thod  is sufficiently sensi t ive 
for the  detec t ion  of clinically dangerous specimens. 
We obta ined  posi t ive  results wi th  ext rac ts  f rom mi lk  
and mea t  which had been con tamina ted  wi th  0.5-1 txg/ 
100 g en te ro tox in  B before the  ext rac t ion  procedure  
(i.e. 5-10 ng/ml).  

A rapid  c h r o m a t o g r a p h i c  s eparat ion  of IgM f r o m  
50~1 of w h o l e  s e r u m :  i ts  appl i ca t ion  to d i a g n o s t i c  
t es t s  

N. Pyndiah, P. Price, M. Jung, J. Wilhelm and U. Krech 
Institut [iir medizinisehe Mikrobiologie, 
Frohbergstrasse 3, CH-  9000 St. Gallen 

The presence of specific IgM in serum is normal ly  con- 
sidered to signify a recent  infection wi th  a par t icu lar  
disease agent.  To ascertain the  specific IgM t i ter  i t  has 
proved  in m a n y  instances useful, if not  necessary, to 
remove  the  IgG fract ion from the  mater ia l  to be tested. 
We have  adap ted  a p repara t ive  gel ch romatography  pro- 
cedure to a rapid, reproducible  small  column technique.  
Diagnost ic  results on 10-15 separated IgM fractions can 
be obta ined  per  day. 
A sample (50-100 txl) of whole serum is applied to a 
1.1 x 3 cm column of Biogel A-5m resin in 0.05 Tris-HC1, 
p H  7.2, 0.15 M Nac1 and 0.02% NaN 3. The 1.1 ml  void  
vo lume is discarded and the following 0.3 ml is collected 
as the  IgM fraction. This  f ract ion contains about  50% 
of the  to ta l  IgM applied and is about  8fold diluted,  bu t  
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con t a in s  no  d e t e c t a b l e  IgG or IgA. T he  e f f luen t  is used 
d i rec t ly  in c o m p l e m e n t - f i x a t i o n ,  h e m a g g l u t i n a t i o n  inh ib i -  
t ion,  or immunof luo r e s cence  (IF) tests .  
Us ing  th i s  t e c h n i q u e  we h a v e  a) e l imina t ed  false nega t ive  
resul t s  due to I gG  in te r fe rence  in I F  for T oxop l a sma-  
specific IgM ; 
b) rep laced  t he  c u m b e r s o m e  sucrose dens i ty  g r a d i e n t  
t e c h n i q u e  for Rubel la -spec i f ic  IgM, a n d  
c) s impl i f ied  t he  E B  v i rus  I F  m e t h o d  (tr iple sandwich)  
b y  us ing  t he  c o l u m n  f r a c t i o n a t e d  IgM. 
The  smal l  c o l u m n  t e c h n i q u e  is h igh ly  reproduc ib le  and  
is m u c h  faster ,  cheape r  a n d  s impler  t h a n  o the r  c u r r e n t l y  
emp loyed  p rocedures  for t he  s epa ra t i on  of IgM f rom serum.  

M i c r o c a l o r i m e t r y ,  a n e w  p r o c e d u r e  for r e g i s t e r i n g  
the  a n t i b a c t e r i a l  ac t iv i ty  of  c h e m o t h e r a p e u t i c  
s u b s t a n c e s  

E. Semenitz 
Bundesstaatliche bahteriologisch-serologische Untersuchungs- 
anstalt, Sch6pfstrasse 47/11, A-6010 Innsbruch, Austria 

Microca lo r ime t ry :  a new p rocedure  for reg is te r ing  t he  
a n t i b a c t e r i a l  a c t i v i t y  of c h e m o t h e r a p e u t i c  subs tances .  
Microcalorimetry m a k e s  i t  poss ible  to  show t h e  h e a t  pro- 
duc t ion  of a growing bac te r i a l  cu l tu re  graphica l ly ,  a 
cu l tu re  d u r i n g  t he  l oga r i t hmic  p h a s e  g iving as a resu l t  
a cha rac t e r i s t i c  t h e r m o g r a m .  By  add i t i on  of chemo-  
t h e r a p e u t i c  subs t ances  th i s  resu l t  will be changed .  These  
a l t e r a t i ons  are t h e  express ion  of t he  c h e m o t h e r a p e u t i c  
a c t i v i t y  b y  t he  subs tance .  I n  our  research  t he  t e s t ed  
subs t ances  showed  a dose d e p e n d e n t  effect  on t he  micro-  
ca lo r imet r i c  a c t i v a t o r  (i.e. t he  t e s t ed  bac te r i a l  s t ra ins) .  
The  add i t i on  of t e t r a cyc l i ne  c o m p o u n d s  to t he  growing 
bac te r i a l  cu l tu re  a l t e red  t he  t h e r m o g r a m  to an  i m m e d i a t e  
fall  of the  ca lor imet r ic  curve.  G e n t a m y c i n  and  Ampic i l l in  
changed  t he  mic roca lo r ime t r i c  cu rve  in a n o t h e r  specific 
way  accord ing  to  t he  used subs tance .  F u r t h e r m o r e  i t  
was possible  to  d e m o n s t r a t e  synerg is t ic  effects of chemo-  
t h e r a p e u t i c s  w i t h  t he  microca lor imete r .  Th i s  micro-  
ca lo r imet r i ca l  researches  h a v e  been  carr ied  ou t  us ing  
E. coli s t r a i n  H 3579 a n d  Staphylococcus aur. haem. s t r a in  
A 13665. 

T o b r a m y c i n - n u c l e o t i d y l t r a n s f e r a s e ,  a u n i q u e  
e n z y m e  of s t a p h y l o c o c c i  i n a c t i v a t i n g  a m i n o g l y -  
cos ide  a n t i b i o t i c s  

P. Santanam and F. H. Kayser 
Institut /~r Medizinische Mikrobiologie der Universitiit, 
Post/ach, CH-8028 Zi~rich 

T o b r a m y c i n  r e s i s t an t  Staphylococcus epidermidis s t ra ins  
p roduce  an  enzyme,  wh ich  eff ic ient ly  adeny ly l a t e s  and  
i n a c t i v a t e s  Tob  a n d  m a n y  of t he  o the r  aminoglycosides ,  
b u t  no t  g e n t a m y c i n  and  s isomycin.  E x p e r i m e n t s  w i th  a 
c rude  e n z y m a t i c  e x t r a c t  suggested  t h a t  t he  h y d r o x y l -  
g roup  4 of t he  a m i n o  sugar  I m i g h t  be the  t a r g e t  s i te  of 
th i s  e n z y m e  ( S a n t a n a m  a n d  Kayser ,  J. Infec t .  Dis. 1345, 
33, 1976). Our  resu l t s  w i t h  a pa r t i a l l y  pur i f ied  enzyme  
p r e p a r a t i o n  conf i rm th i s  suggest ion.  In  add i t ion ,  our  
resu l t s  sugges t  t h a t  the  4 " - O H  group of aminoglycos ides  
also can  be  modif ied ,  t h u s  enab l ing  ti le enzyme  to h a v e  
a b r o a d  s u b s t r a t e - s p e c t r u m  t h a t  surpasses  in  range,  all  
t h e  aminoglycos ide  mod i fy ing  enzymes  t h a t  h a v e  been  
cha rac t e r i zed  h i t he r to .  
The  e n z y m e  was p r e p a r e d  b y  t he  osmot ic  shock  p rocedure  
f rom Staph. epidermidis s t r a i n  FK109 .  Pur i f i ca t ion  was 

done  b y  a f f in i ty  c h r o m a t o g r a p h y  e i the r  on  d ibekac in  or 
t o b r a m y c i n  b o u n d  CNBr=ac t iva t ed  sepharose -4B followed 
b y  c h r o m a t o g r a p h y  on  D E A E - s e p h a r o s e  CL-6B. The  
resu l t s  s u p p o r t  the  inference  t h a t  a d e n y l y l a t i o n  of 4 ' - O H  
as well  as 4 " - O H  is m e d i a t e d  b y  one a n d  t he  same enzyme.  
The  e n z y m e  requi res  d iva l en t  ca t ions  a n d  d i t t l io t re i to l  
for ac t iv i ty .  The  pur ine  nuc leo t ide  t r i p h o s p h a t e s  are 
more  eff icient  as cosubs t r a t e s  t h a n  t he  p y r i m i d i n e  tri-  
phospha te s .  All the  aminoglycos ide  non-subs t r a t e s ,  
n o t a b l y  g e n t a m y c i n  Cla and  s t r ep tomyc in ,  i nh ib i t  adenyl-  
y l a t i on  of m o s t  of the  s u b s t r a t e s  to  v a r y i n g  degrees. 
A l t h o u g h  all t he  d rugs  have  a specific o p t i m a l  p H  for 
adeny ly la t ion ,  those  t h a t  are h igh ly  eff ic ient  as subs t r a t e s  
are modif ied  over  a b road  p H  range,  b e t w e e n  4.5 and  9.5. 
The re  is, in general ,  a close cor re la t ion  b e t w e e n  the  MIC 
of t he  drugs  and  the i r  re la t ive  eff ic iency as subs t ra tes .  
A d e n y l y l a t i o n  resul t s  in  i n a c t i v a t i o n  of all t he  subs t ra tes .  

C h a r a c t e r i z a t i o n  of the  R factor  P l l I - A C S  and of 
i ts  d e r i v a t i v e s  

J.-C. Piffaretti and Yvette Froment 
Institut Universitaire de Microbiologie Mddicale, 
22, quai Ernest-Ansermet, CH-1211 Gen~ve 4 

P r e l i m i n a r y  s tudies  showed t h a t  t he  t r ans fe r ab l e  R 
fac to r  P l l l - A C S  (A: ampici l l in ,  C: ch lo ramphen ico l ,  
S: s t r ep tomyc ine )  has  an  aggrega te  s t r u c t u r e  whereas  
i ts  infec t ious  d e r i v a t i v e  P l l l - A  is a co - in teg ra te  (Ex- 
pe r i en t i a  33, 131, 1976). Genet ic  e x p e r i m e n t s  lead to the  
i so la t ion  of t he  P111-AS,  P l l l - A C  and  P l l l - S  t r ans -  
ferable  der iva t ives .  C and  SC segregan t s  were no t  found.  
T rans fe r  assays  to  d i f fe ren t  Salmonella showed t h a t  for 
P l l  1-ACS a n d  P l l l - A S ,  the  res i s t ance  d e t e r m i n a n t s  are 
t r an s f e r r ed  a t  d i f fe ren t  frequencies,  whereas  for P111-AC, 
t he  2 d e t e r m i n a n t s  are a lways  t r an s f e r r ed  a t  t he  same 
f requency.  These  resu l t s  suggest  t h a t  t he  d e t e r m i n a n t s  
of P111-ACS and  P111-AS are t r an s f e r r ed  i n d e p e n d e n t l y  
and  t h a t  those  of P111-AC are t r a n s f e r r e d  toge ther .  
Agarose  gel e lec t rophores is  a n d  e lec t ron  microscopy  
s tud ies  are in  a g r e e m e n t  w i t h  these  d a t a :  in E. coli K12 
F - ,  P111-ACS shows t he  s t r u c t u r e  of b o t h  t he  p lasmid  
co- in tegra te  (molecule l eng th :  29,6 ~xm) a n d  of t he  p lasmid  
aggrega te  (19.2 ~xm molecules in fe r red  to be t he  t r ans fe r  
fac to r  and  3.2 a m  molecules  in fe r red  to  be t he  res is tance  
d e t e r m i n a n t s  A, C or S). P111-A S a n d  P l  11- S d e m o n s t r a t e  
s imi la r  b e h a v i o u r  (for P111-AS:  25.3 a m  molecules 
in fe r red  to be  the  co- in tegra te  s t ruc tu re ,  a n d  19.0 vm 
a n d  3.2 txm molecules  r ep re sen t ing  t h e  aggrega te  fo rm;  
for  P111-S:  22.5 txm, 19.5 v m  and  3.2 ~m molecules).  
P111-A shows only  a p l a smid  co - in teg ra te  s t r u c t u r e  of 
22.4 a m  in length .  Fo r  P111-AC, a co - in teg ra te  s t r uc tu r e  
of 29.4 ~zm a n d  a p o p u l a t i o n  of 18.9 v m  molecules  were 
found.  No molecules  of 3.2 ~m (resis tance d e t e r m i n a n t s )  
were de tec ted .  F u r t h e r  s tudies  showed  t h a t  P111-AC 
ac tua l ly  has  an  S d e t e r m i n a n t  wh ich  is no t  expressed.  
Th i s  expla ins  t he  co- in tegra te  l e n g t h  s imi lar  to  t h a t  of 
P l l l - A C S .  Simi lar  d issocia t ion  p a t t e r n s  are found  in 
E. coli Rec A -  h a r b o u r i n g  these  p lasmids .  F u r t h e r m o r e ,  
t he  presence  of these  d i f fe rent  R fac to rs  in Rec A+ or 
Rec A -  hos t s  does no t  in te r fere  w i t h  the  U V  surv iva l  
of t he  cell. These  resul t s  suggest  a possible  role of inse r t ion  
sequences  (IS) in t he  d issoc ia t ion  p h e n o m e n o n ,  which  
could be control led ,  a t  least  in  pa r t ,  b y  a specific region 
on  t he  p l a smid  itself. F u r t h e r  e x p e r i m e n t s  a r e  in pro- 
gress to  conf i rm these  hypotheses .  
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T h e  u s e  of  e t h e r - t r e a t e d  ce l l s  to a n a l y z e  the  
b i o c h e m i s t r y  of  r i f a m p i c i n  r e s i s t a n c e  in  c l in i ca l  
i so la t e s  

W. Wehrli 
Departement Forschung, Division Pharma, 
Ciba-Geigy AG, Post[ach, CH-4002 Basel 

The  an t ib io t i c  r i f ampic in  i nh ib i t s  t he  g rowth  of bac t e r i a  
b y  fo rming  a t i g h t  com p l ex  w i t h  t he  bac te r i a l  R N A  
po lymerase  a n d  t h u s  i n h i b i t i n g  t he  enzyme.  R i f a m p i c i n  
r e s i s t an t  m u t a n t s  o b t a i n e d  in the  l a b o r a t o r y  h a v e  been  
shown to  con t a in  a n  R N A  po lymerase  which  is no t  
af fected b y  t he  drug. 
The  ques t ion  arose w h e t h e r  t he  r i f ampic in  res i s tance  of 
cl inical  isolates  is also based  m a i n l y  on  a change  of enzyme  
sens i t iv i ty ,  or w h e t h e r  o the r  m e c h a n i s m s  of res i s t ance  
can  be  found.  To ana lyze  such  resis tance,  a n u m b e r  of 
g r a m - n e g a t i v e  cl inical  isolates  were t r e a t e d  w i t h  e ther ,  
r ender ing  t h e m  p e r m e a b l e  to  nucleoside  t r i phospha t e s .  
The  R N A  po lymerase  in these  cells could t h e n  be  d i rec t ly  
ana lyzed  for sens i t iv i ty  t ow ar ds  r i fampic in .  Severa l  
h igh ly  r e s i s t an t  s t r a ins  (min imal  i n h i b i t o r y  concen t ra -  
t ion  (MIC) > 250 txg/ml) were found  which  c o n t a i n e d  
a n  t~NA po lymerase  w i t h  a d rug  sens i t i v i ty  ve ry  s imi lar  
to  n o r m a l  cells (MIC 4-16  ag/ml) .  Since on ly  a l imi ted  
n u m b e r  of s t r a ins  ha s  been  t e s t ed  so far, n o t h i n g  can  be 
said a b o u t  t he  f r equency  of such  m u t a n t s .  However ,  i t  
is c lear  t h a t  t he  change  in sens i t iv i ty  of R N A  po lymerase  
to r i f ampic in  is no t  t he  on ly  m e c h a n i s m  of res is tance.  
I n  p r e l i m i n a r y  expe r imen t s ,  no  r i f ampic in  degrad ing  
enzymes  h a v e  been  found ,  l eav ing  a change  in cell 
p e r m e a b i l i t y  as a possible  res i s tance  mechan i sm.  

U s e  of a ce l l - f ree  pro te in  s y n t h e s i z i n g  s y s t e m  in the  
e v a l u a t i o n  and c h a r a c t e r i z a t i o n  of  ant ib io t i c s  

W. Zimmermann and W. Wehrli 
Departement Forschung, Division Pharma, 
Ciba-Geigy AG, Postlach, CH-4002 Basel 

Cell-free p ro t e in  syn thes i z ing  sys tems  w i t h  t r a n s d u c i n g  
p h a g e  D N A  c o n t a i n i n g  t h e  lac ope ron  as t e m p l a t e  a n d  
c rude  e x t r a c t  f rom an  E. cell s t r a in  c o n t a i n i n g  a chromo-  
somal  lac de le t ion  are  c apab l e  of syn thes i z ing  e n z y m a t i -  
cal ly ac t ive  f l-galactosidase.  W e  used such a sys t em to  
s t u d y  t he  inf luence  of severa l  an t ib io t i c s  on  t r a n s c r i p t i o n  
a n d  t r a n s l a t i o n  u n d e r  cond i t ions  where  t he  p e r m e a b i l i t y  
ba r r i e r  n o r m a l l y  p r e s en t  in  g r a m - n e g a t i v e  o rgan i sms  is 
comple t e ly  lacking.  
I n  a f i rs t  a p p r o a c h  t he  specif ic i ty  and  sens i t i v i ty  of th i s  
s y s t e m  were s tud ied  us ing  severa l  an t ib io t i c s  w i t h  k n o w n  
mode  of ac t ion ,  f l -Galactos idase  syn thes i s  was  i n h i b i t e d  
b y  all  k n o w n  inh ib i to r s  of t r a n s c r i p t i o n  and  t r a n s l a t i o n  
s tudied ,  i r r espec t ive  of w e t h e r  t h e y  were ac t ive  or i nac t i ve  
w h e n  t e s t ed  aga in s t  whole  E. cell cells. On t he  o t h e r  h a n d ,  
no  inf luence  b y  an t ib io t i c s  n o t  in te r fe r ing  w i t h  p ro t e in  
syn thes i s  could be  de t ec t ed  a t  c o n c e n t r a t i o n s  up  to  
100 ~g/ml.  W e  the re fo re  conc lude  t h a t  th i s  sys t em m i g h t  
be  a useful  tool  in  a c rude  e luc ida t ion  of t he  mode  of 
ac t ion  of new an t ib io t i c s  a n d  in t he  d i f f e ren t i a t ion  be- 
t w e e n r e s i s t a n c e  due  to  a p e r m e a b i l i t y  ba r r i e r  or due  
to lack of a t a rge t .  
I n  a f u r t h e r  series of e x p e r i m e n t s  t h e  usefulness  of t he  
s y s t e m  as a possible  screening  for  t h e  de t ec t ion  of new 
an t ib io t i c s  in  f e r m e n t a t i o n  b r o t h s  was eva lua ted .  W h e n  
t e s t e d  a t  a f ina l  c o n c e n t r a t i o n  of 1% (v/v),  such  b r o t h s  
d id  n o r m a l l y  n o t  i nh i b i t  t he  sys tem.  On the  o t h e r  h a n d ,  

t he re  was a good cor re la t ion  be tween  a n t i b a c t e r i a l  
a c t i v i t y  d e t e c t e d  in f e r m e n t a t i o n  b r o t h s  by  c o n v e n t i o n a l  
m e t h o d s  a n d  inh ib i t i on  of f l -galactosidase synthes is ,  in- 
d ica t ing  s imi la r  s ens i t i v i ty  of b o t h  systems.  

P r o b a b i l i s t i c  ident i f i ca t ion  of  n o n f e r m e n t a t i v e  
g r a m - n e g a t i v e  bac ter ia  

J. D. Piguet, Radmilla Jovanovid, Gordana Strautmann and 
A. Roupas 
Institut d'Hygi~ne, 
22, quai Ernest-A nsermet, CH-7211 Gen~ve d 

The resu l t s  g iven  b y  943 fresh cl inical  isolates of non-  
f e rmen te r s  were processed t h r o u g h  a p r o g r a m  deve loped  
to be  r u n  on  a 4K P D P 8 / e  compute r .  The  m e t h o d  of 
iden t i f i ca t ion  is der ived  f rom t h a t  descr ibed b y  D y b o w s k i  
and  F r a n k l i n  (J. gen. Microbiol.  5d, 215, 1968); t he  d a t a  
base  is t a k e n  f rom Gi lard i  (Anton ie  v a n  L e e u w e n h o e k  
39, 229, 1973) in i ts  1976 revis ion.  I t  consis ts  of a m a t r i x  
of p robab i l i t i e s  of pos i t ive  resu l t s  for 45 tes t s  g iven  b y  
37 t axa .  I den t i f i c a t i on  was o b t a i n e d  w i t h  686 s t r a ins  
(72.7%) a t  a r e l a t ive  l ikel ihood level  (RLL)  of 99 .9% 
or above ,  w i t h  776 s t r a i n s  (82.3%) a t  a R L L  of 99% or 
above,  and  w i t h  897 s t r a ins  (95.1~ a t  a R L L  of 90% 
or above.  Fa i lu re  to  o b t a i n  iden t i f i ca t ion  a t  a h igh  level  
was due  e i t he r  to  a low re la t ive  l ikel ihood for all t a x a  
s tored  in t he  m a t r i x  or to  an  a p p r o x i m a t e l y  equa l  re la t ive  
l ikel ihood for 2 closely re la ted  t axa .  A new m a t r i x  of 
cond i t iona l  p robab i l i t i e s  was der ived  f rom t h e  s t r a i n s  
ident i f ied  a t  99.9% RLL.  Z 2 compar i sons  were made ,  
t e s t  b y  tes t ,  for all t a x a  r ep re sen t ed  in our  isolates,  be- 
tween  Gi la rd i ' s  f igures and  ours. S igni f icant  d i f ferences  
were no t ed  for  m a n y  tests .  These  differences m a y  be 
due  to  geograph ica l  v a r i a b i l i t y  a m o n g  s t r a ins  or to  
mul t ip le  isolates f rom p a t i e n t s  h a r b o u r i n g  an  a typ i ca l  
s t ra in .  The  presence,  in t he  ma t r i x ,  of t a x a  h a v i n g  a low 
m a x i m u m  possible  abso lu te  l ikel ihood is one of t he  
reasons  for poor  d i s c r im ina t i ng  power  be tween  some 
species. Desp i t e  these  few res t r ic t ions ,  the  p rog ram has  
the  a d v a n t a g e  of r ep roduc ib le  i n t e r p r e t a t i o n  of t e s t  
resu l t s ;  m o r e o v e r  i t  gives a l is t  of a typ ica l  results ,  if any,  
and  a l ist  of f u r t h e r  t es t s  requ i red  for a more  precise  
d i f fe ren t ia t ion .  

C o m p a r a t i v e  s t u d y  w i t h  the  s c a n n i n g  e lec tron  
m i c r o s c o p e  of  cys t s  of  Naegleria and Acanthamoeba 

Madeleine Van Saanen 
Institut de Microbiologie de l' Universitd de Lausanne, 
44, rue du Bugnon, CH-tO05 Lausanne 

The  free l iv ing  p ro tozoa  be long ing  to t he  Limax group  
are found  in soft  w a t e r  (swimmingpools)  and  soil. M a n y  
of t h e m  were found  to be  pa thogens .  They  cause  a p r i m a r y  
amoebic  meningo-encepha l i t i s ,  a l e tha l  disease which  
kil led h u n d r e d s  of i nd iv idua l s  t h r o u g h o u t  the  world.  
V e g e t a t i v e  cells or cys t s  are  n o r m a l l y  non  f lagel la ted.  
I n  u n f a v o r a b l e  condi t ions ,  t h e  vege t a t i ve  cells m a y  be  
f lagel la ted.  
I n  a s cann ing  e lec t ron  microscopic  s t u d y  of cyst ic  fo rms  
of s t r a ins  i so la ted  f rom soft  w a t e r  as well  as f rom pa tho l -  
ogic ma te r i a l s  (CSF) of p a t i e n t s  w i t h  meningo-encepha l i t i s ,  
we h a v e  conf i rmed  t h e  phase  c o n t r a s t  mic roscopy  
o b s e r v a t i o n  t h a t  Acanthamoeba (Ha r tmanne l l a )  has  a 
folded surface.  Fo lds  c an  be  deep  a n d  n u m e r o u s  (A. 
castellani Neff  and  A. polyphage) or shal low and  few (A. 
rhysodes 1534 and  A. culberstoni). Naegleria, however ,  
are cha rac t e r i zed  b y  cys ts  w i t h  regu la r ly  r o u n d  shapes.  
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Cysts  of N. ]owleri 0361 e x h i b i t  a s m o o t h  surface  
whereas  those  of N. gruberi EGs are rough.  
All Naegleriae cys ts  exh ib i t ed  pores,  w i th  excep t ion  for  
N. ]adini 0400. N. /owleri has  a n  ave rage  1.7 pores  pe r  
cyst .  The i r  r ims  are smooth .  I n  N. gruberi NB-1 a n d  NEa, 
t h e  r ims  are evag ina t ed ,  w i t h  a d i a m e t e r  of 0.6 n m  a n d  
a t h i cknes s  of 0.4-1 rim. No pore  was obse rved  in Acan- 
thamoeba. 
The  surface  of cys ts  as well  as t he  n u m b e r  and  s t r u c t u r e  
of pores  can  be  of i m p o r t a n c e  in t a x o n o m i c  de t e rmina t ions .  

J. M. Jadin, H. L. Esehbach, F. Verheyen and E. Willaert, Annls 
Soc. beige Mdd. trop. 5d, 259 (1974~. 
A. J. Lastoviea, Int. J. Parasit. 4, 139 (1974). 
F. Schuster, J. Protozool. 70, 313 (1973). 

I m m u n o l o g i c a l  r e s p o n s i v e n e s s  of ca lves  fata l ly  
affected by  bov ine  v i r u s d i a r r h e a  - m u c o s a l  d i sease  
(MD) 

F. Steck, S. Lazary and A. Wandeler 
Veteriniir-bakteriologisches Institut, 
Ltinggaflstrasse 122, CH-3072 Bern, 
und Institut [i~r klinische [mmunologie der Universitiit Bern 

F a t a l  mucosa l  disease (MD) in ca t t l e  is cha rac t e r i zed  b y  
a pe r s i s t en t  v i r e m i a  a n d  t he  absence  of de t ec t ab l e  neu-  
t r a l i z ing  an t ibod ie s  even  in s u b a c u t e  a n d  chronic  cases. 
I n  order  to  s t u d y  the  poss ib i l i ty  of a p reex i s t ing  i m m u n e  
def ic iency,  severa l  aspec ts  of t he  i m m u n e  sys t em were 
s tud ied  in cat t le ,  5 -mon th -  to  2-year-old,  af fected b y  f a t a l  
MD. i n  all  an imals ,  w i t h  t he  excep t ion  of I w i t h  a low 
t i t e r  of s e r u m - n e u t r a l i z i n g  an t ibod ies ,  a ge~leralized in- 
fec t ion  a n d  v i r e m i a  and  the  absence  of neu t r a l i z ing  an t i -  
bod ies  aga in s t  t he  Oregon  s t r a i n  of B V D - v i r u s  a n d  t h e  
i s o l a t e  f rom the  p a t i e n t  i tself  was  p roven .  
I m m u n o g l o b u l i n  levels of t h e  IgG, IgM a n d  IgA 
classes were w i t h i n  the  n o r m a l  r ange  (H. Fey,  pe rsona l  
c o m m u n i c a t i o n ) .  Severa l  an i m a l s  su rv iv ing  a t  leas t  9-10 
days  were p roduc ing  p r e c i p i t a t i n g  an t ibod ie s  to  fe r r i t in  
a t  a s imi la r  r a t e  as t h e  controls .  T he  s t i m u l a t i o n  of 
l y m p h o c y t e s  b y  p h y t h e m a g g l u t i n i n  a n d  Concanava l i n  A 
was  also s imi la r  to  t he  controls .  However ,  t he  se rum of 
some an ima l s  a t  l a te  s tages  of t he  disease h a d  a suppres-  
s ing effect  on  l y m p h o c y t e  s t imu la t i on .  
I n  conclus ion  we consider ,  t h a t  t he  i m m u n o d e f i c i e n c y  
obse rved  in f a t a l  MD is specific and  is i nduced  b y  BVD-  
v i rus  m o s t  l ikely in t he  acu t e  s tage  of infect ion.  

Further  ev idence  for s p o n t a n e o u s  B o r n a v i r u s -  
i n f e c t i o n s  in  rabb i t s  

A. Metzler, F. Ehrensperger and R. Wyler 
Institut [iir Virologie der Universitiit Z~rich, 
Winterthurerstrasse 266a, CH-8057 Zi~rich 

B o r n a  disease,  a sporad ica l ly  occur r ing  v i rus - in fec t ion  of 
t he  cen t r a l  ne rvous  s y s t e m  in horses  a n d  sheep, has  been  
d iagnosed  exclus ive ly  in c en t r a l  Europe .  U n t i l  now, on ly  
2 r epo r t s  on  s p o n t a n e o u s  o u t b r e a k s  of t he  disease in 
r a b b i t s  h a v e  been  pub l i shed .  These  obse rva t ions  were 
con f i rmed  b y  t he  d iagnos is  of B o r n a  disease in 2 r a b b i t s  
f rom a seeming ly  enzoot ic  area,  in  wh ich  the  f i rs t  virolo-  
g ical ly  e s t ab l i shed  o u t b r e a k  a m o n g  sheep and  horses in  
Swi t ze r l and  was r ecen t ly  r epo r t ed  (Metzler  e t  al., 
Schweiz.  Arch.  Tierhei lk .  118, 483, 1976). The  affected 
a n i m a l s  were females,  showing  cl inical  s y m p t o m s  a few 
days  a f t e r  p a r t u r i t i o n .  In  b o t h  cases, v i rus  an t igen  could  
be  d e m o n s t r a t e d  in n e u r o n s  of t he  cen t r a l  ne r vous  s y s t e m  

b y  t he  f luorescen t  a n t i b o d y  t echn ique .  The  virus ,  wh ich  
is noncy toc ida l ,  was isola ted in a cell l ine of r a b b i t  k i d n e y  
origin (RK-13)  and  f u r t h e r  cha rac t e r i zed  as B o r n a v i r u s  
b y  immunof luorescence .  H i s to logy  of t he  b ra in  revea led  
a n o n p u r u l e n t  men ingo-encepha lo -mye l i t i s .  Only  in 1 
case, some p a t h o g n o m o n i c  i n t r a n u c l e a r  inc lus ion-bodies  
were found.  The  diagnosis  was  f u r t h e r  conf i rmed  b y  t he  
d e m o n s t r a t i o n  of vi rus-specif ic  an t ibod ie s  in  t he  sera a n d  
b ra ins  of t h e  af fected an imals ,  us ing  ind i rec t  i m m u n o -  
f luorescence in a pe r s i s t en t ly  B o r n a v i r u s - i n f e c t e d  cell line. 

Infect ious  b u r s a l  d i s ease  of c h i c k e n s  in S w i t z e r l a n d :  
A s e r o l o g i c a l  s u r v e y  for prec ip i ta t in~  ant ibod ie s  

D. Gukelberger, H.R.  Ehrsam and E. Peterhans 
[nstitut ]i~r Virologic der Un.iversittit Zi~rich, 
Winterthurerstrasse 266a, CH-8057 Zi~rich 

The  infec t ious  bursa l  a g e n t  ( IBA) is a R N A  virus ,  wh ich  
causes  necro t i z ing  i n f l a m m a t i o n  of t he  b u r s a  Fabr ic i i  in  
chicken.  M o r t a l i t y  lies be tween  1 a n d  15 % and  s e c o n d a r y  
losses due  t o  a f u n c t i o n a l  i m p a i r m e n t  of t he  i m m u n e  
s y s t e m  induced  b y  t he  v i rus  are  considerable .  
1430 sera f rom 110 p o u l t r y  he rds  in  Swi t ze r l and  were 
t e s t ed  for p r e c i p i t a t i n g  a n t i b o d i e s  to  I B A  us ing  agargel-  
p r ec ip i t a t i on  (AGP) a n d  c o u n t e r i m m u n o e l e c t r o p h o r e s i s  
(CEP).  I n  47 sera  f rom 10 he rds  a n t i b o d i e s  aga ins t  I B A  
were de t ec t ed  in C E P  as c o m p a r e d  to  45 in AGP.  The  
pos i t ive  sera were t i t r a t e d ,  aga in  us ing  C E P  and  A G P  
and,  add i t iona l ly ,  b y  a n e u t r a l i z a t i o n  t e s t  in e m b r y o n a t e d  
eggs f rom a suscept ib le  flock. The  t i t e r s  r a n g e d  f rom 1 'to 
1 :8  in CEP,  1 to  1 :64  in AGP,  1 :18 to  > 1 :243 in t he  
n e u t r a l i z a t i o n  test .  C E P  seems to  be  su i t ab le  for d e t e c t i n g  
p r e c i p i t a t i n g  an t ibod ie s  to  IBA.  Resu l t s  are  o b t a i n e d  
w i t h i n  hou r s  a n d  less a n t i g e n  and  se rum is needed  as 
c o m p a r e d  to AGP.  
We conc lude  f rom our  resul ts ,  t h a t  infec t ious  bu r sa l  
disease is no t  a serious p r o b l e m  in Swi tzer land .  Serological  
ev idence  for i ts  exis tence  was o b t a i n e d  on ly  in 9.1% of 
t he  he rds  inves t iga ted .  A v a c c i n a t i o n  p r o g r a m  is the re fo re  
no t  jus t i f ied  a t  t he  m o m e n t .  

D e t e r m i n a t i o n  of i n f l u e n z a  and m u m p s  v ira l  
an t ibod ie s  by s i n g l e  radia l  h e m o l y s i s  in  agarose  ge ls  

J.  Munzinger and J. Novak 
Institut [i~r Medizinische Mikrobiologie der Universitiit 
Zi~rich, 
Post[ach, CH-8028 Ziirich 

The  single rad ia l  hemolys i s  t e s t  (SRH)  is based  on t h e  
tysis of e r y t h r o c y t e s  coa t ed  w i t h  a n t i g e n  b y  specific 
an t ibod ie s  in  t he  presence  of c o m p l e m e n t .  The  d i a m e t r e  
of t he  hemolys i s  zone is p r o p o r t i o n a l  to  t he  a n t i b o d y  
c o n c e n t r a t i o n  in the  serum.  I n  c o n t r a s t  to  t he  hemag-  
g l u t i n a t i o n  i n h i b i t i o n  t e s t  (HI),  t he  t i m e  c o n s u m i n g  a n d  
labor ious  r e m o v a l  of nonspeci f ic  i nh ib i t o r s  is unneces sa ry  
since t h e y  do n o t  in te r fere  w i t h  a n t i b o d y  d e t e r m i n a t i o n  
b y  t h e  S R H  me thod .  F u r t h e r m o r e ,  t he  s e rum can  be  
t e s t ed  und i lu ted .  
In  o rder  to  f ind  t he  bes t  m e t h o d  su i t ab le  for  r ou t i ne  
l a b o r a t o r y  use we t e s t ed  severa l  d i f fe ren t  S R H  procedures  
(Russell  e t  al., J. gen. Virol.  27, 1, 1975; Schi ld  et  al., 
Bull .  W H O  52, 43 1975; V ~ n A n e n  et  al., Arch.  Virol.  52, 
91, 1976) for t he  assay  of in f luenza  an t ibod ies .  Fac to r s  l ike 
i n c u b a t i o n  t e m p e r a t u r e ,  t i m e  of a n t i b o d y  diffusion,  con- 
c e n t r a t i o n  of an t i gen  (crude v i rus  in a l l an to ic  fluid) were 
of g r ea t  i m p o r t a n c e  for t he  s e n s i t i v i t y o f  t he  assay.  A 
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mod i f i ca t i on  of t he  m e t h o d  of V~L/in/inen et. al., us ing  
CrC18 as a coupl ing  r eagen t  a n d  an  i n c u b a t i o n  t i m e  of 
20 h a t  37~ was found  to give the  bes t  resul ts .  Sera  
f rom 412 p a t i e n t s  a n d  b lood donors  were screened b y  
S R H ,  a n d  i n d e p e n d e n t l y  b y  H I  for an t ibod ie s  to  influ- 
enza  A/Vic tor ia /3 /75  virus.  T he  m e a s u r e m e n t  of m u m p s  
an t ibod ie s  in  420 sera f rom p a t i e n t s  was  m a d e  b y  S R H  
a n d  t he  resu l t s  were c o m p a r e d  w i t h  t he  H I  a n d  CF t i t res .  
T h e r e  was a good cor re la t ion  in sens i t i v i ty  be t w een  t he  
S R H  assay  and  t he  H I  test .  Moreover,  i t  was  possible  
to  de t ec t  rises in  a n t i b o d y  levels b y  SRH.  The  S R H  
t e c h n i q u e  appea r s  pa r t i cu l a r l y  sui ted  to t h e  screening  of 
large n u m b e r s  of sera l ike in vacc ine  t r ia l s  or he rd  
i m m u n i t y  s tud ies  since i t  is simple,  accu ra t e  a n d  un-  
af fected b y  nonspeci f ic  inh ib i tors .  

F u n c t i o n a l  a l t era t ions  of ce l lu lar  m e m b r a n e s  
f o l l o w i n g  in fec t ion  of HeLa ce l l s  w i t h  r a bb i tpox  
v i r u s  

D. Schi~mperli, E. Peterhans, A. Meier-Wdlti and R. Wyler 
Institut /i~r Virologic der Universitdt Zi~rich, 
Winterthurerstrasse 266a, CH-8057 Zi~rich 

Monolaye r  cu l tu res  of H e L a  cells were in fec ted  w i t h  
r a b b i t p o x  v i rus  (s t ra ins  U t rech t )  a t  a mu l t i p l i c i t y  of 
5 P F U / c e l l  a n d  func t iona l  p a r a m e t e r s  of t h e i r  p l a s m a  
a n d  m i t o c h o n d r i a l  m e m b r a n e s  were measu red  a t  d i f fe ren t  
t i m e s  a f t e r  infect ion.  Cytop lasmic  ( lac ta te  dehydrogenase ,  
E C  1.1.1.27) a n d  lysosomal  (acid phos pha t a s e ,  EC 3.1.3.2; 
f l -glucuronidase,  EC 3.2.1.31) enzymes  were re leased f rom 
the  cells in to  t he  s u p e r n a t a n t  m e d i u m  as ea r ly  as 7 .5-10 h 
pos t  in fec t ion  (hpi). Ca2+/O quo t ien t s ,  accep to r  con t ro l  
r a t ios  a n d  oxygen  c o n s u m p t i o n / r a g  p r o t e i n  as well  as 
45Ca2+ u p t a k e  were m e a s u r e d  u n d e r  cond i t ions  p e r m i t t i n g  
t he  a s ses smen t  af  t he  func t iona l  s t a t e  of m i t o c h o n d r i a  
in  i n t a c t  cells us ing  suce ina te  as a s u b s t r a t e  (E. Pe t e rhans ,  
B iochem.  b iophys .  Res. Commun .  75, 1078, 1977). 
P r e l i m i n a r y  resu l t s  s t rong ly  ind ica te  t h a t  r e s p i r a to ry  
ra tes ,  aecep to r  con t ro l  ra t ios  a n d  4~Ca2+ u p t a k e  decay  
f r o m  the  10 th  hpi .  These  d a t a  suggest  t h a t  as ear ly  as 
10 hp i  the  m i t o c h o n d r i a  lose t he  ab i l i ty  b o t h  of su s t a in ing  
t h e  Ca ~+ g r a d i e n t  and  of energy  p r o d u c t i o n  a n d  t h a t  the  
p l a s m a  m e m b r a n e  is t h e n  p e r m e a b l e  for soluble  pro te ins .  
Thus ,  t he  cell can  be cons idered  as me tabo l i ca l ly  dead  
or  dying,  even  t h o u g h  n e u t r a l  red  u p t a k e  does no t  fall  
be low con t ro l  va lues  before 12.5 hpi .  

R a b b i t p o x  v i r u s  and vacc in ia  v i rus  DNA:  C o m p a r i -  
son  of the  H i n d I I I  and Ss t I  res tr ic t ion  m a p s  

R. Wittek, A . Menna, D. Schiimperli, S. Stoffel, H. K. M iiller 
and R. Wyler 
Institut [iir Virologic der Universitiit Zi~rich, 
Winterthurerstrasse 266a, CH-8057 Ziirich 

The  D N A s  of t he  closely re la ted  r a b b i t p o x  v i rus  (s t ra in  
U t r e c h t )  a n d  vaec in ia  v i rus  (s t ra in  Els t ree)  were c leaved  
w i t h  t he  r e s t r i c t ion  endonucleases  HindlI I  a n d  SstI. 
The  c leavage  si tes of t he  enzymes  were m a p p e d  on  b o t h  
genomes  us ing  doub le  d iges t ion  a n d  c ros s -hybr id i za t ion  
techniques .  The  2 cross- l inks p re sen t  a t  or nea r  b o t h  
ends  of the  D N A  p e r m i t t e d  t he  iden t i f i ca t ion  of t he  
t e r m i n a l  r e s t r i c t ion  f r a g m e n t s  clue to t he i r  r a p i d  r e n a t u r a -  
t i on  a f t e r  a lka l ine  d e n a t u r a t i o n .  
Vacc in ia  v i rus  D N A  was found  to be  some 6 • 108 da l tons  
la rger  t h a n  r a b b i t p o x  v i rus  DNA.  The  2 D N A s  d i sp lay  
iden t i ca l  r e s t r i c t ion  p a t t e r n s  in  an  i n t e rna l  region com- 

pr i s ing  of a p p r o x i m a t e l y  60% of the  genome whereas  
t he  differences  b o t h  in t he  r e s t r i c t ion  p a t t e r n s  as well 
as in t h e  mol. w t  are conf ined  to  b o t h  ends  of t he  2 ge- 
nomes.  
The  2 oppos i te  t e r m i n a l  r e s t r i c t ion  f r a g m e n t s  of r a b b i t -  
pox  v i rus  D N A  hybr id i ze  to  each  o t h e r  a n d  t h u s  c o n t a i n  
some s imi la r  sequences.  

T h e  s i g n i f i c a n c e  of v i ra l  a n t i b o d y  t i ters  in  s y s t e m i c  
l u p u s  e r y t h e m a t o s i s  (SLE) 

F. Rosselet, K. Schop/er and J. Wilhelm 
Institut [~r medizinische Mikrobiologie, 
Frohbergstrasse 3, CH-9000 St. Gallen 

S L E  is cha rac t e r i zed  serological ly  b y  h igh  a n t i b o d y  t i t e r s  
aga ins t  nuc lea r  componen t s ,  especial ly  n a t i v e  DNA.  I n  
add i t ion ,  h igh  t i t e r s  of an t ibod ie s  aga ins t  v i ra l  an t igens  
such  as measles,  cy tomega lov i ru s  (CMV), adenov i ruses  
a n d  p i co rnav i ruses  h a v e  been  obse rved  in S L E  sera. The  
presence  of such  an t ibod ie s  sugges ted  t h a t  v i r a l  an t igens  
m i g h t  be  of s ignif icance in t he  pa thogenes i s  of SLE,  
especial ly  since vi rus- l ike  par t ic les  h a v e  been  occas ional ly  
obse rved  b y  E M  in skin  biopsies.  Thus  we h a v e  s tud ied  
t he  an t igen ic  specif ici t ies  of the  h i g h  v i ra l  a n t i b o d y  t i t e r s  
(CF t i t e r s  aga ins t  CMV and  meas les  s imul taneous ly )  in 
3 p a t i e n t s  w i t h  a well  e s t ab l i shed  diagnosis  of SLE.  
Se rum f rom S L E  p a t i e n t s  and  f rom p a t i e n t s  w i t h  measles  
or CMV ( ind ica ted  b y  a 4fold a n t i b o d y  t i t e r  increase} 
were  e x a m i n e d  b y  ind i r ec t  immunof luo re scence  (IF) on  
cell cu l tu res  in fec ted  w i t h  measles  or CMV. I n  addi t ion ,  
a n t i n u c l e a r  an t ibod ie s  were a b s o r b e d  f rom the  S L E  sera 
w i t h  a nuc lea r  p r e p a r a t i o n  f rom un in fec t ed  ceils. 
The  p ic tu res  o b t a i n e d  show t h a t  a) t he  I F  image  of 
meas les  v i rus - in fec ted  vero  cells (or CMV-infected h u m a n  
f ibroblas ts )  t r e a t e d  w i t h  SLE  or  specific an t i -meas les  
(or a n t i  CMV) sera is s ign i f i can t ly  d i f fe ren t  a n d  ne i t he r  
show charac te r i s t i c  v i r a l  an t i gen  f luorescence,  a n d  b) ab-  
so rp t ion  of a n t i n u c l e a r  an t ibod ie s  f rom SLE  sera does 
no t  u n c o v e r  f luorescence of t yp i ca l  CMV inclusion bodies.  
Specific v i r a l  an t ibod ie s  were n o t  abso rbed  in  con t ro l  
expe r imen t s .  
These  p r e l i m i n a r y  f ind ings  sugges t  t h a t  the  presence  in 
S L E  sera  of h igh  CF t i t e r s  aga ins t  meas les  or CMV an t i -  
gens m a y  no t  be  ev idence  for a r ecen t  or pe r s i s t en t  
infect ion.  I t  is possible  t h a t  t he  CF v i ra l  an t ibod ie s  in 
S L E  sera  r eac t  w i t h  o ther ,  no t  v i r a l  specific, an t igens  
in t he  CF an t i gen  p r epa ra t i on .  The  n a t u r e  of such  an t i -  
gens r e m a i n s  to  be  e luc ida ted .  

I n h i b i t i o n  of prote in  b i o s y n t h e s i s  in  S e m l i k i  
Fores t  V irus  infected  cel l  cu l tures  

H. Koblet and U. Kohler 
Institut /i~r Hygiene und Medizinische Mikrobiologie, 
Friedbi~hlstrasse 57, CH-3008 Bern 

I n  ch ick  e m b r y o  f ib rob la s t  cell cu l tu res  infec ted  w i t h  
Seml ik i  Fores t  Vi rus  (SFV) t he  r a t e  of over-a l l  p ro t e in  
syn thes i s  is inc reas ing ly  inh ib i t ed .  The  inh ib i t i on  is la te  
a f t e r  in fec t ion  and  t he  onse t  s low (measurab le  3 h a f te r  
infect ion,  l ead ing  to a nea r ly  comple t e  s top a f te r  7 h). 
The  i n h i b i t i o n  para l le ls  t he  e x p o n e n t i a l  phase  of v i ra l  
R N A -  a n d  v i r ion  fo rma t ion .  Severa l  e x p l a n a t i o n s  h a v e  
been  offered. 1. A decrease  of t he  e longa t ion-  a n d / o r  
re lease- ra te  of po lypep t ides .  This  c a n n o t  be  shown,  as 
equa l  masses  of po lysomes  of in fec ted  or con t ro l  cells 
y ie ld  in  v i t ro  t he  same a m o u n t  of incorpora t ion .  2. Out -  
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c o m p e t i n g  of hos t  messenger  R N A  (mRNA)  b y  v i ra l  
m R N A .  Th i s  is u n p r o b a b l e ,  because  po lysomes  decay  
w i t h  a k ine t ic  s imi la r  to  t h a t  of the  r educ t i on  of p ro t e in  
synthes is .  W e  found,  t h a t  po lysomes  are chased  in to  single 
r ibosomes ;  t he  l a t t e r  are s tab le  d u r i n g  infect ion.  P a r t  
of these  ' i n f e c t i o n  g e n e r a t e d '  free r ibosomes  con t a in s  
v i ra l  RNA,  wh ich  is he t e rogenous  a n d  s ed imen t s  b e t w e e n  
15 a n d  26 S. The  assoc ia t ion  is s t ab le  in 0.5 M KC1, in 
20 m M  E D T A  a n d  in CsC1 d e n s i t y  g rad i en t s ;  i t  su rv ives  
the re fore  the  d issoc ia t ion  to  r i bosoma l  subuni t s ,  R N A  
be ing  b o u n d  to large  or smal l  subuni t s .  The  26 S - R N A  
is also found  in large a n d  smal l  polysomes,  i nd i ca t i ng  a 
d i f fe ren t  spac ing  of r ibosomes  on th i s  RNA.  Therefore ,  
the  fol lowing sequence  of events ,  l ead ing  to i n h i b i t i o n  
of p ro t e in  syn thes i s ,  can  be  v isua l ized :  F u n c t i o n a l  r ibo-  
somes and  v i ra l  m R N A  fo rm polysomes,  of wh ich  some 
are degraded  b y  endonuc leases  because  of large spacing.  
R ibosomes  w i t h  a t t a c h e d  v i ra l  m R N A  f r a g m e n t s  c a n n o t  
be  reused  because  of s ter ic  h i n d r a n c e  a n d  are t a k e n  ou t  
of t raff ic .  

In terac t ion  of  t e t a n u s  t o x i n  and  t o x o i d  w i t h  
cu l tured  n e u r o b l a s t o m a  cel ls:  125I-toxin and  
t o x o i d  b i n d i n g  s t u d i e s  

M. Jessie Zimmerman, J.-C. PiOaretti and R.H. Regamey 
Institut Universitaire de Microbiologie Mddicale, 
22, quai Ernest-A nsermet, CH-7 271 Gen~ve d 

Our  p rev ious  i nves t i ga t i ons  us ing i m m u n o f l u o r e s c e n t  
t e chn iques  h a v e  shown  t h a t  t e t a n u s  t o x i n  b inds  to  mouse  
n e u r o b l a s t o m a  C1300 cells in t i ssue  cu l tu re  u n d e r  b o t h  
g r o w t h  a n d  morpho log ica l ly  d i f f e r en t i a t ed  cell condi t ions .  
Us ing  1~SI-labelled t e t a n u s  t ox in  a n d  toxoid,  we h a v e  
conf i rmed  these  results .  T he  toxo id  does no t  b i n d  a t  all. 
F o r  t he  toxin ,  however ,  in  g r o w t h  cu l tu re  cells, we now 
d e m o n s t r a t e  2 a f f in i ty  levels of s ial ic-acid res idue  de- 
p e n d e n t  b i n d i n g :  one b i nd i ng  d isp laceable  b y  n a t i v e  
toxin ,  a n d  a n o t h e r  wh ich  is not .  There  is no t  on ly  no 
b i n d i n g  in p resence  of n e u r a m i n i d a s e  or f l-galactosidase,  
b u t  also a f t e r  p r e - i n c u b a t i o n  of the  g r o w t h  cu l tu re  cells 
w i t h  125I-toxin, t h e  ac t ion  of e i t he r  e n z y m e  r em oves  i t  
ent i re ly .  
On the  o t h e r  h a n d ,  us ing  morpho log ica l ly  d i f f e r en t i a t ed  
cells t h e r e  are  3 d i s t i nc t  classes of b i nd i ng  recep to r s :  
s ial ic-acid res idue d e p e n d e n t ,  f l -galactoside l inkage  de- 
penden t ,  and  t h a t  wh ich  is i ndependen t .  Class 1, neu-  
r a m i n i d a s e  sens i t ive ,  can  be d iv ided  in to  2 g roups :  
d i sp laceab le  a n d  non-d isp laceable .  Class 2 b o u n d  tox in  
can  be r e m o v e d  on ly  b y  f l -galactosidase appl ica t ion .  
Class 3 si tes are  i n d e p e n d e n t  a n d  def ined by  t he  p ropor -  
t i on  which  is b o u n d  in presence  of ~-galactosidase.  Our  
resu l t s  d e m o n s t r a t e  the  k ine t ics  of t he  i n t e r ac t i on  of 
12aI-tetanus t o x i n  u n d e r  v a r y i n g  condi t ions .  The  b ind ing  
is s a tu r ab l e  w i t h i n  1 h for  e i the r  cell type ,  t h e y  s u p p o r t  
our  hypo thes i s  t h a t  inef fec t ive  and  effect ive  b i n d i n g  of 
t h e  t o x i n  are  due  to  t h e  d i f fe ren t  c h a r a c t e r  of t h e  s epa ra t e  
receptors .  

s t r a in s  of E. colt, n a m e d  A t h e n s  I and  A t h e n s  I I  were 
found  to  be  sens i t ive  to  t h e  s t a n d a r d  colicins A, B, C, D, 
E l + I ,  E2, E 3 + I ,  G, H, Is ,  !/~, K, L, $4, $5, X, V and  Vs.  
These  s t r a ins  can  be  v e r y  u s e f u l  as colicin p r o d u c t i o n  
indica tors .  A t h e n s  I was  isola ted f rom d r ink ing  w a t e r  
and  A t h e n s  I1 f rom t h e  faeces of a hosp i t a l i zed  pa t i en t .  
B o t h  s t r a ins  are no t  col icinogenic (sensi t ive i nd i ca to r  
E. colt~Row) (Fredericq,  A. Rev.  Microbiol.  71, 7, 1957). 
A t h e n s  I grows well on  m i n i m a l  m e d i u m  c o n t a i n i n g  agar,  
sa l ts  a n d  glucose a f te r  24 h of i n c u b a t i o n  a t  37 ~ A t h e n s  
I I  is an  a u x o t r o p h i c  s t r a in  wh ich  requi res  m i n i m a l  
m e d i u m  s u p p l e m e n t e d  w i t h  m e t h i o n i n  (DL-Meth ionin ,  
4000 tag/ml). The  res i s t ance  of the  2 s t r a ins  to  penici l l in  
G, ch lo ramphen ico l ,  k a n a m y c i n ,  s t r e p t o m y c i n  a n d  t e t r a -  
cycl in was t e s t ed  w i t h  an t ib io t i c  s t r ips  and  the i r  MIC ' s  
were e s t i m a t e d  in l iquid  and  solid (for the  su lphonamides )  
med ia  (Anderson  et  al., J: Hyg. ,  Camb.  72, 471, 1974), 
A t h e n s  I is s l ight ly  r e s i s t an t  to  ch lo ramphen ico l  (MIC = 3 
~xg/ml) a n d  A t h e n s  I12 r e s i s t a n t  to  s t r e p t o m y c i n  (MIC = 
600 ~g/ml).  No t r a n s f e r  of the i r  res i s tances  to  E. colt 
K12 Na l  r was obse rved  in o v e r n i g h t  crosses. A t h e n s  I 
can  mobi l ize  t he  n o n - a u t o t r a n s f e r r i n g  p l a smid  N T P 2  
( res is tance  to  s t r e p t o m y c i n  a n d  sul fonamides)  f rom E. colt 
K12 a n d  t r ans f e r  i t  to  E. colt K12 Nal  r. A t h e n s  I I  does 
n o t  mobi l ize  N T P 2  (Anderson  et al., N a t u r e  208, 843, 
1965). A t h e n s  I ha rbo r s  a n  F-l ike R T F ;  i t  is no t  lysed in 
spo t  t es t s  b y  the  female  specific p h a g e  92, i t  p r o p a g a t e s  
phages  ~z2 and  fd b u t  no t  p h a g e  I l l .  A t h e n s  I I  is lysed 
b y  92 b u t  i t  does no t  p r o p a g a t e  phages  p2, fd or I l l  
( P i t t o n  et  al., Genet .  Res.  76, 215, 1970, a n d  Gr ind ley  
e t  al., Genet .  Res. 77, 267, 1971). A t h e n s  I I  is lysogenic ;  
i t  p roduces  p h a g e  lysing a X-E. colt i nd i ca to r  s t r a in  b u t  
n o t  the  p a r e n t a l  s t ra in ,  a X+E. colt a n d  A t h e n s  I. The  
phage  p roduced  b y  A t h e n s  I I  c an  lysogenise the  X- 
s t ra in .  (Berns te in  et  al., J. gen. Microbiol.  32, 349, 1963). 
These  f indings  and  t he  fac t  t h a t  Z does no t  lyse A t h e n s  I I  
suggest  t h a t  th i s  s t r a in  m a y  be lysogenic w i t h  Z phage.  
A t h e n s  I does p roduce  p h a g e  lys ing t he  X-strain or a 
n u m b e r  of wild t y p e  E. colt s t ra ins .  The  se ro typ ing  of 
our  s t r a in s  is unde r  inves t iga t ion .  

C o l i p h a g e  PI D N A  c o n t a i n s  an i n s e r t i o n  e l e m e n t  IS1 

J.  Meyer and S. Iida 
Biozentrum der Univers$tiit, A bteilung Mikrobiologie, 
Klingelbergstrasse 70, CH-d056 Basel 

B a c t e r i o p h a g e  P l  D N A  con ta ins  1 IS1 in se r t ion  e l e m e n t  
a t  un i t  20 of t he  phys ica l  genome map.  The  P1 de r iva t i ve  
P1Cm89 has  a 2.6 k b  (ki lobasepairs)  ch lo ramphen ico l  
r es i s t ance  t r a n s p o s o n  inse r ted  a t  m a p  u n i t  4, wh ich  
gives P1Cm89  2 a d d i t i o n a l  IS1 e lements .  These  are in- 
ser ted  in the  same o r i e n t a t i o n  b u t  a n t i p o l a r  to  the  IS1 
e l emen t  as m a p  un i t  20. The  ev idence  comes  f rom e lec t ron  
microscope s tudies  w i t h  B g l l I  r e s t r i c t ion  f r a g m e n t s  
c o n t a i n i n g  these  e l emen t s  a n d  w i t h  an  IS1 probe.  E a c h  
of these  IS1 e l emen t s  is c leaved once b y  res t r i c t ion  
endonuc lease  PstI  a t  0.51 k b  f rom one end  and  a t  0.29 
k b  f rom the  o ther .  

G e n e t i c  p r o p e r t i e s  of  t w o  E, coli s t r a i n s  s e n s i t i v e  
to the  s t a n d a r d  co l i c ins  

J.  Leonardopoulos, Henriette Kourti and J.  Papavassiliou 
National University o[ A thens, Medical School, 
Department o[ Microbiology, 
P. O. Box 1540, Athens, Greece 

D u r i n g  the  las t  few yea r s  a b o u t  2000 s t r a ins  of en te ro-  
b a c t e r i a  were e x a m i n e d  in our  l a b o r a t o r y  for s ens i t i v i t y  
to  colicins a n d  colicin p roduc t ion .  A m o n g  t h e m  only  2 

T h e  r e l a t i o n s h i p  b e t w e e n  prote in  c l eavage  and 
h e a d  m a t u r a t i o n  in  b a c t e r i o p h a g e  T4  

Louise Onorato and M. K. Showe 
Abteilung Mikrobiologie, Biozentrum der Universitiit Basel, 
Klingelbergstrasse 70, CH-d036 Basel 

P r o t e i n  c leavage  has  b e e n  shown to  be  i m p o r t a n t  in  the  
m a t u r a t i o n  of m a n y  bac t e r i ophages  a n d  a n i m a l  viruses.  
I n  T4 phage  th i s  c leavage  has  been  suggested  to be  
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necessary to convert a fragile prehead to the stable 
mature head. Other presumed steps in prehead matura- 
tion are lattice expansion, incorporation of the outer 
capsid proteins and DNA incorporation, all of which 
have been suggested to be dependent upon previous 
protein cleavage. We have now isolated 2 distinct types 
of particles from mutants  in various T4 tlead genes. The 
characteristics of these mutant  preheads suggest that  the 
specific sequence of these maturat ion steps may not be 
obligatory. 
Preheads produced by mutants  in genes 21 and 24 are 
basically the same. They produce fragile particles which 
are membrane bound, have a protein core and a shell 
of uncleaved protein 23 (P23) in the unexpanded lattice 
configuration. The 24- mutants  can be matured to normal 
capsids by adding P24 and then activating the cleavage 
enzyme coded for by gene 21. 
The second class of particles is derived from a temperature 
sensitive mutant  in gene 23 (tsA78). This strain makes 
aberrant particles which are also composed of uncleaved 
P23. However, they have many of the characteristics of 
mature capsids: they are resistant to 8 M urea to 1% 
SDS up to a temperature of 50~ Optical diffraction 
studies show that  these particles have a lattice constant 
of 125 A which is characteristic of the mature capsid. 
SDS gels show that  they contain the outer capsid pro- 
teins hoc and soc never previously shown to be associated 
with structures made of uncleaved P23. The existence of 
these particles shows it is possible for lattice expansion 
and other maturat ion processes to precede rather than 
follow cleavage during bacteriophage T4 maturation. 

A n e w  c la s s  of  b a c t e r i o p h a g e  T4 h e a d  re la ted  
part ic les :  S m a l l  and large  c a p s o i d s  in  m u t a n t s  in  
gene  17 

J.  L. Carrascosa and E. Kellenberger 
Biozentrum der Universitdt, A bteilung Mikrobiologie, 
Klingelbergstrasse 70, CH-4056 Basel 

Under restrictive growth conditions, T4 mutants in gene 
17 accumulate 2 different types of head related particles. 
Electron microscopy of thin sections showed that  1 type 
(esp) has a thick shell and tile dimensions of T4 preheads. 
The other (elp) look like normal empty heads both in 
dimensions and shell thickness (H. Wunderli et al., 
J. supramol. Struct., in press). The isolated particles 
appear in negative staining as flat disks with a rough 
surface (esp's) and like normal empty capsids (elp's). 
The isolation procedure involves antibody precipitation 
of elp's and sucrose gradient centrifugation. Gel electro- 
phoresis analysis has shown that  hot  particles contain 
the major head protein in the cleaved form (gp23*). 
Also, elp's have Hoc and Soc proteins while esp's do not. 
Tile study of the surface structure of giant variants of 
these particles, have revealed that  the elp's have an 
expanded lattice (130 A) while the esp's have an un- 
expanded lattice (112~_) in spite of being made of gp23*. 
They represent a new class of head related particles with 
different lattice constants and mass distribution from 
those previously described for other T4 head related 
particles (A. Steven et al., J. molec. Biol. 706, 1976). 
In negative stained micrographs esp's look very similar 
to maturable particles (e-particles) made of gp23* which 
accumulate when wtT4 infected cells are treated with 
acridine (C. Sch~rli et al., following abstract). We have 
found that  esp's can be transformed in vitro (under low 
salt conditions) to particles similar to elp's, supporting 
the idea of the similarity of these particles with actual 
intermediates in T4 maturation. 

A n e w  c lass  of  b a c t e r i o p h a g e  T4  h e a d  re la ted  
part ic les :  T h e  m a t u r a b l e  e - p a r t i c l e s  

C. Sehtirli and E. Kellenberger 
Biozentrum der Universitdt Basel, 
A bteilung Mikrobiologie, 
Klingelbergstrasse 70, CH-4056 Basel 

Acridines cause a delay in the phage head maturat ion 
(Piechowski and Susman, Virology 28, 396, 1966). Electron 
microscopy of thin sections of infected cells shows: At 
low doses of 9 amino acridine (10-25% survivors at 
60 rain) normally sized with a reduced DNA content 
accumulate, while at  higher doses e-particles are pre- 
dominant. These, as well as their breakdown products, 
become visible on sections of cells which are partly 
extracted during fixation; they are of the same size as 
the prehead, contain a core, but are morphologically and 
chemically distinct. Electron micrographs of negatively 
stained e-particles show them as flat discs with a rough 
surface texture, while partially filled particles become 
empty and look like empty capsids. The amount of 
chemically determined gp23* (cleaved main capsid pro- 
tein) corresponds to the number of particles counted on 
sections suggesting e-particles to be made of gp23*. 
Partially filled and s-particles were tested for maturabil i ty 
by incubating the culture in the absence of new protein 
synthesis (25 txg/ml of chloramphenicol). Both types of 
particles become completely filled with DNA (black 
particles on sections). We propose tentat ively:  The gp23 
of the prehead (z-particle) becomes cleaved to gp23* 
without expansion forming the e-particle. I t  then becomes 
expanded by 15% in each dimension, filled with DNA 
and stabilised. The step at which the core material is 
processed into the internal proteins and internal peptides 
of the mature head is not yet known. 
We propose that  the empty small particles (esp's) which 
are found in cells infected with the T4 mutants 17-, are 
breakdown products of this e-particle (Carrascosa et al., 
preceding abstract). 

Are E. coli pe l -  m u t a n t s ,  w h i c h  b l o c k  p h a g e  l a m b d a  
D N A  injec t ion ,  i s o g e n i c  w i t h  ptsM,  a P T S  e n z y m e  II? 

J.  Elliott and W. Arber 
Biozentrum der Universit~it Basel, 
A bteilung Mikrobiologie, 
Klingelber~strasse 70, CH-d056 Basel 

Eseherichia coli pel- mutations block the penetration of 
bacteriophage lambda DNA into the cell. Using P1 
mediated cotransduction, we have mapped pel-  muta- 
tions at rain 40.5 on the E. coli map, between markers 
]ad and eda. PtsM, the gene coding for the phospho- 
enolpyruvate-dependent phosphotransferase system (PTS) 
enzyme I I  specific for mannose, glucosamine, glucose and 
fructose, also maps at this position. 
The following evidence suggests that  pel and ptsM are 
isogenic or coordinately regulated: 1. All pel- mutants,  
including those isolated by resistance to a large deletion 
phage, are p t s M -  ; although parental pel+ strains are ptsM+. 
2. Of p t sM-  mutants  selected by glucosamine resistance 
at high temperature in a Ida *s mutant  (Jones-Mortimer 
and Kornberg Proc. R. Soc. Lond. B 793, 313, 1976), 20% 
are p t s M -  pel-, and 80% are ptsM-pel  +. 
3. Pel and p t s M -  are not separated py P1 cotransduction 
(500 transductants tested). 
These results suggest that  the injection of lambda I)NA 
into the cell may require a cytoplasmic membrane pro- 
tein involved in the transport of some PTS sugars. 
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R i b o s o m a l  D N A  in  s p o r e s  in  Physarum polycepha- 
lurn 

H. U. A/Jolter and R. Braun 
Institut [i'w allgemeine Mikrobiologie der Universitiit Bern, 
Altenbergrain 21, CH-3OJ3 Bern 

Using RNA-DNA hybridization techniques spores of the 
true slime mold _Physarum polycephalum were found to 
contain 320 genes, each coding for 19 S and 26 S rRNA. 
Hybridization of rRNA to spore DNA fractionated on 
CsC1 density gradients shows that  the sequences coding 
for 19 S and 26 S RNA are located at a satellite position 
(1.714 g/cm 3) of greater density than the main band DNA 
(1.702 g/cma). The data demonstrate that  in spores 
ribosomal DNA is not degraded and that  no amplification 
of these genes takes place in hatching amoebae. The DNA 
content of spores (0.6 pg/spore) and the number of 
extrachromosomal rRNA genes present suggest that  
spores are in G2 phase. 

T h e  o r g a n i z a t i o n  of  g e n e s  for t rans fer  R N A  and 
r i b o s o m a l  R N A  in  a m o e b a e  and p l a s m o d i a  of  
Physarum polycephalum 

L. Hall and R. Braun 
Institut [i~r allgemeine Mikrobiologie der Universitiit, 
Altenbergrain 21, CH-3013 Bern 

Using RNA-DNA hybridization techniques nuclei from 
both amoebae and plasmodia of the true slime mould 
Physarum polycephalum were found to contain 275 genes 
each coding for 5.8 S, 19 S and 26 S rRNA, 685 genes for 
5 S rRNA and 1050 genes for tRNA. Hybridization of 
these RNA species to both amoebal and plasmodial DNA 
fractionated on isopycnic CsC1 gradients reveal that  the 
5.8 S and 26 S rRNA genes are located at a satellite 
position (~ = 1.714 g/cm 3) with respect to the main band 
of DNA, whereas 4 S and 5 S RNA genes are located 
exclusively in the main band peak of DNA (~ = 1.702 
g/cma). This result was confirmed by demonstrating that  
only the 5.8 S, 19 S and 26 S rRNA species hybridize to 
purified plasmodial ribosomal DNA. The 19 S and 26 S 
r R N A  genes are localized on extrachromosomal DNA 
molecules of a discrete size (38 million daltons) in amoebae 
as well as in plasmodia. 

S u b u n i t  s t r u c t u r e  of  c h r o m a t i n  f r o m  Physarum 
polycephalum 

J. Stalder and R. Braun 
Institut [iir allgemeine Mikrobiologie der Universitiit Bern, 
Altenbergrain 21, CH-3073 Bern 

Limited digestion of isolated nuclei from Physarum with 
micrococcal nuclease reveals DNA fragments which are 
multimers of a repeating subunit. The size of the subunit 
was calculated from acrylamide-agarose gels calibrated 
with rat liver DNA fragments. The subunit structure 
differs from that  of higher eukaryotes: each subunit 
contains only 170-175 base pairs as compared to 190-200 
base pairs in higher eukaryotes. However, a quasi l imit 
digest of 140 base pairs is obtained with Physarum 
chromatin as with higher eukaryotes. The basic repetitive 
structure of chromatin from diploid plasmodia and haploid 
amoebae is the same. The extrachromosomal ribosomal 
DNA located in the nucleoli, is arranged in a similar 
chromatin structure. Ribosomal chromatin is somewhat 
more slowly digested by micrococcal nuclease than bulk 

chromatin as determined by acid soluble products after 
different digestion times. Isolated DNA fragments after 
chromatin digestion hybridize equally well with 19 +26 S 
rRNA as does unfragmented DNA. 

A l k a l i m e t r i c  d e t e r m i n a t i o n  of  c e p h a l o s p o r i n s  

J. Konecny 
Pharma-Forschung, Ciba-Geigy AG, 
K-121.4.03, CH-4002 Basel 

An alkalimetric assay of cephalosporins utilizing an 
immobilized acetyl esterase to split off the acetyl side 
chain has been described (Konecny, Experientia 33, 141, 
1977; Enzyme Engineering 3. Ed. E. K. Pye, Plenum 
Press, 1977). Analogous titrations have now been carried 
out with lactamase P-99 (Ross, Meth. Enzym. 43, 678, 
1975). 
Immobilization by standard methods (Weetall and 
Filbert, Meth. Enzym. 3~, 59, 1974) at room temperature 
of 580 units of pure lactamase on 1 g of the glutaraldehyde 
derivative of zirconia glad controlled-pore glass gave a 
very stable catalyst with 30% retention of activity. 
Titrations were carried out by the pH-stat  method in a 
recirculation reactor with 1 g catalyst, 40 ml buffer 
(0.5 2r KC1/IO mM phosphate) and 1 N KOH (2.5 ml 
Radiometer autoburette) at a high recirculation rate at 
pH 7.50 or 8.00. After preequilibrating tile catalyst with 
buffer, substrate was added, pH readjusted to exactly 
7.50 or 8.00, and the reaction started by turning on the 
pump. Reproducibility o f the t i trationswas better than 1%. 
Cleavage of the fl-lactam ring of deacetyl cephMosporin C 
generated exactly 1 equivalent of acid/mole. Exact ly  2 
equivalents acid were formed from cephalosporin C be- 
cause fast expulsion of the acetyl side chain follows 
cleavage of the ring. Use of the esterase and lactamase 
separately or in sequence permits the assay of mixtures 
of the 2 compounds. Less reactive cephalosporins, re- 
quiring higher activities, were assayed with the free 
lactamase. 

T h e  role  of  the  l a b o r a t o r y  a n d  p i lo t  p l a n t  in  t h e  
d e v e l o p m e n t  o f  an  a n t i b i o t i c  f e r m e n t a t i o n  p r o c e s s  

J. A. L. Auden 
Ciba-Geigy AG, 
K-693.7.24, CH-4002 Basel 

In this communication the advantages and disadvantages 
of batch fermentation versus controlled feed fermentat ion 
and its impact on mutat ion work in the laboratory are 
considered and a generalised plan for development is 
suggested. Optimation methods for batch media are 
described by Auden et al. (Pathologia Microbiol. 30, 858, 
1967) and for a controlled fermentation procedure by 
Pan et al. and Squires (Dev. ind. Microbiol. 73, 103 and 
128, 1971). 
Reasons for introducing a controlled fermentation pro- 
cedure: a) When it is necessary to introduce a cheaper 
medium (e.g. elimination of lactose from the penicillin 
batch medium), b) When dissol,zed O~ becomes limiting 
due to high carbohydrate content of a batch medium. 
c) When enzymatic destruction of end-product occurs 
and the enzyme can be repressed by a glucose feed 
(cephalosporin C fermentation). 
Advantages and disadvantages of a controlled fermenta- 
tion procedure. Advantages : 1. In  general produces higher 
yields than a batch procedure. 2. Does not suffer from 
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the necessary restrictions of a batch process. 3. By 
developing such a process considerable knowledge of its 
kinetics and biochemistry is acquired. 
Disadvantages: 1. The increase in production cannot 
compare with that  obtained from regular production of 
new mutants. 
2. Requires considerable investment in the productivi ty 
plant as well as operator know-how. 3. Only a relatively 
small number of pilot fermentations can be run at the 
same t ime : development proceeds slowly. 4. As the media 
differ considerably from the batch media used in flasks 
scale-up from flasks becomes more and more difficult. 
The decision to develop a controlled fermentation process 
should not be taken lightly as it is virtually irreversible. 
Initially laboratory mutant  screening, which is much 
cheaper, should be given priority. 

Glucose  m e t a b o l i s m  in Acetobacter aceti 

M. Koch and L. Ettlinger 
Mikrobiologisches Institut, 
ETH-Zentrum,  CH-8092 Zi~rich 

Acetobacter aceti NCIB 8554 is able to grow on ethanol, 
acetate, or pyruvate  in a mineral medium but  not on 
glucose or any other carbohydrate. Of glucose added to 
an ethanol medium, about 60 % is oxidized to extracellular 
gluconic and oxogluconic acid. The rest metabolized in 
the cells. Enzymatic,  radiorespirometric, and electro- 
phoretic determinations have been performed to de- 
termine the fate of intracellular glucose. 
Activi ty of the following enzymes has been demonstrated : 
gluconokinase, glucose-6-phosphate isomerase, glucose- 
6-phosphate dehydrogenase (G-6-P-DH), 6-phospho- 
gluconate dehydrogenase (6-P-G-DH), ribosephosphate 
isomerase, and transaldalase. 6-phosphogluconate de- 
hydrogenase could be determined only after elimination 
of a potent  NADH oxidoreductase by ultracentrifugation. 
The 2 dehydrogenases of the pentosephosphate pathway 
show a peculiar coenzyme specificity: G-6-P-DH is 
N A D P  specific and 6-P-G-DI-I is NAD specific. The 
dehydrogenases of other acetic acid bacteria exhibit the 
same coenzyme preference but not such a high specificity 
as those of A. aceti. That 6-P-G-DH is of the decarboxyl- 
ating type was demonstrated by radiorespirometry and 
by identification of the product, ribulose-phosphate, with 
high voltage electrophoresis. N-acetylglucosamine could 
be identified as an important  product of intracellular 
glucose metabolism. 

I n d u c t i o n  of t y r o s i n a s e  in  Streptomyces  glaucescens 

J. Vetterli and L. Ettlinger 
Mikrobiologisches Institut, 
ETH-Zentrum,  CH-8092 Zi~rich 

Streptomyces glaucescens produces intracellular and extra- 
cellular tyrosinase (EC 1.14.18.1 monophenol mono- 
oxygenase). The intracellular tyrosinase is inducible by 
the following amino acids which do not serve as substrates 
of tyrosinase: methionine, leucine, phenylalanine and 
norleucine. Tyrosine, the substrate, is not an inducer 
(FI. P. Kocher 1976, Diss. E T H  5668). 
In a batch culture growing on synthetic medium the 
enzyme may be induced only during a relatively short 
phase of maximal specific growth rate. After induction 
and a lag of about 1 h, there is a steep rise of intracellular 
tyrosinase act ivi ty during 4-6 h, followed by a decrease. 

Without  induction, intracellular tyrosinase activity cannot 
be detected. Extracellular tyrosinase activity accumulates 
independently from the intracellular one, both in the 
presence and absence of inducer. In the presence of 
inducer it is excreted earlier. 
The short duration of competence for induction may be 
related to factors in the rnycelium or in the culture medi- 
um. In order to test the presence of such factors, aseptic 
filtration of cultures of different age was carried out 
simultaneously and the mycelia and filtrates were re- 
combined in new combinations for further incubation and 
induction. I t  was shown that  neither age nor concentra- 
tion of the mycelium had a significant effect on inducibility. 
Induction occurred in 'young' but not in 'old' culture 
filtrate. As addition of fresh medium components to 
'old' culture filtrate had no effect, it seems that  a sub- 
stance produced by the growing mycelium inhibits in- 
duction. 

M u t a n t s  of Streptomyces  glaucescens w i t h  a l tered 
r e g u l a t i o n  of t y r o s i n a s e  s y n t h e s i s  

T. Kieser, L. Ettlinger and R. Hi~tter 
Mikrobiologisches Institut, 
ETH-Zentrum, CH-8092 Ziirich 

Tyrosinase is the enzyme for the first 2 steps of the 
conversion of tyrosine to melanin ( tyros ine-+ dihy- 
droxyphenylalanine -+ phenylalanine-3,4-quinone), In 
Streptomyces glaucescens tyrosinase is found intracellularly 
and extraceilularly. Based on genetic evidence both forms 
of the enzyme are encoded by the same gene. Production 
of tyrosinase is dependent on the presence of certain 
~-amino acids in the growth medium. Among the best 
inducers of tyrosinase synthesis are methionine, leucine 
and phenylalanine. Tyrosine itself has no inducing effect. 
For elucidating the genetics and physiology of melanin 
production we have isolated mutants with altered regula- 
tion of tyrosinase synthesis. 
Among mutants resistant to the methionine analogues 
selenomethionine (2>(10 -5 M) or ethionine (10 -3 M) 
strains were found which produce tyrosinase in medium 
without inducer. Possibly these strains overproduce 
methionine. 2 types of such constitutive tyrosinase pro- 
ducers can be distinguished. One type shows high levels 
of both intra- and extracellular tyrosinase activity, the 
other shows only extracellular activity. 
Furthermore colonies which, in contrast to the wild type 
strain,  form melanin in medium containing only tyrosine 
but no other amino acid, arise spontaneously with a 
frequency up to 10 -2 in freshly cloned cultures. Some of 
these mutants  form tyrosinase constitutively. Others 
need tyrosine, methionine, or leucine for induction, but 
are not induced by phenylalanine anymore. 
The results demonstrate that  tyrosinase, the only enzyme 
known to be involved in melanin formation, is subject 
to an intricate pattern of regulation involving several 
genes. 

T h e  genera l  contro l  of a m i n o  ac id  b i o s y n t h e s i s  in  
Saccharomyces cerevisiae 

P. Niedecberger and R. HiHter 
Mikrobiologisches Institut, 
ETH-Zentrum,  CH-8092 Zi~rich 

Limitat ion of growth by single amino acids leads in 
Saccharomyces cerevisiae to higher specific activity of 
enzymes of the tryptophan-, histidine-, arginine- and 
possibly other amino acid-biosynthetic pathways (Schiirch 
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et al., J. Bacteriol. 717, 1131, 1974; Delforge et al., Eur. 
J. Biochem. 57, 231, 1975; Niederberger, Dissertation 
E T H  Mr. 5882, 1977). In our case the limitation has been 
accomplished with the amino acid analogue 5-methyl- 
t ryptophan or by the use of bradytrophic mutants in 
the leucine-, lysine-, arginie-, serine- and histidine-bio- 
synthetic pathways. The kinetics of the 'derepression' 
process was followed and a continuous increase of the 
act ivi ty over 3-7 h by factors of 1.5-5 was observed. 
In order to get some insight into this regulatory system 
the charging of t R N A  and the behaviour of some amino- 
acyl- tRNA synthases was studied. Neither the charging 
nor the level of the leucine-tRNA were changed signifi- 
cantly in a leucine bradytrophic strain grown under 
leucine limitation. However the leucyl-tRNA synthetase 
was derepressed by a factor of 80 under that  condition, 
whereas other aminoacyl-tlRNA synthetases were either 
weakly or not at all derepressed. 
In 3 mutant  strains which are defective in this general 
regulatory system (Schiirch et al., J. Bacteriol. 117, 1131, 
1974) not only the amino acid biosynthtic enzymes but 
also the aminoacyl- tRNA synthetases are unable to 
derepress under amino acid limitation. Nevertheless no 
influence on the charging and the level of leucine-tRNA 
was observed. I t  seems possible therefore that  either 
only minor isospecies of tRNA's  are involved in this 
regulatory system or the aminoacyl-tlRNA synthetases 

play an active regulatory role. 

Localizat ion of arginine biosynthet ic  e n z y m e s  in 
yeast  

B. Wip[ and Th. Leisinger 
Mr Institut, 
E TH-Zentrum, CH-8092 Zi~rich 

In eucaryotic microorganisms the compartmentat ion of 
enzymes and substrates is an important  aspect of the 
regulation of amino acid biosynthesis. Previously, we 
have demonstrated the mitochondrial localization of N- 
acetylglutamate synthase, the first enzyme of arginine 
biosynthesis, which is feedback-inhibited by arginine. 
We now have analyzed the intracellular localization of 
the subsequent enzymes, leading from N-acetylglutamate 
to citrulline: N-acetylglutamate-5-phosphotransferase, 
N-acetyl-glutamic-y-semialdehyde dehydrogenase, N-ace- 
tylornithine-&aminotransferase, N-acetylornithine tran- 
sacetylase and ornithine transcarbamylase. For all 
studies, Saccharomyces cerevisiae, either the wild type 
H 1323 or a derivative with derepressed enzyme levels 
was used. The organism was grown on a minimal medium. 
Cells were lysed by osmotic shock after t reatment  with 
snail gut enzymes. The cell-free extract thus obtained 
was layered on top of a buffersolution containing 35% 
sucrose and centrifuged at 30,000 • g for 60 rain. Enzymes 
were measured in the dialyzed sediment, which contained 
mainly mitochondria, and in the dialyzed supernatant 
(cytosol). Ornithine transcarbamylase was detected only~ 
in the cytosol fraction whereas 80% of N-acetylglutamate 
synthase activity was present in the sediment. 20-25~ 
of the total act ivi ty of the other enzymes of citrulline 
biosynthesis were found in the sediment. The 75-80% 
of the total activities detected in the cytosol fraction may 
be due to breakage of organelles during cell lysis. How- 
ever the specific activities of these enzymes were approxi- 
mately 2fold higher in the sediment than in the cytosol. 
We therefore postulate that  in Saccharomyces cerevisiae 
all 5 enzymatic steps leading from glutamate to ornithine 
occur in the mitochondria. 

N-Ace ty lg lu tamate  deacetylase  in Pseudomonas 
aeruginosa 

H. Frith and Th. Leisinger 
Wlikrobiologisches Institut, 
E TH-Zentrum, CH-8092 Ziirich 

Pseudomonas aeruginosa PAO 1 grows on N-acetyl-L- 
glutamate, the first intermediate of arginine-biosynthesis, 
as a sole carbon and nitrogen source. ArgA mutants, 
which are blocked in the first step of arginine-biosynthesis 
and thus are unable to synthesize N-acetyl-L-glutamate, 
have lost this ability. The rate of uptake of N-acetyl- 
L-glutamate is similar in the wild type and in argA 
mutants. Spontaneous mutants  derived from argA strains 
have been found, which have regained the ability to grow 
on N-acetyt-L-glutamate. 
These observations led us to investigate the metabolism 
of N-acetyl-L-glutamate in the cell. In addition to N- 
acetylglutamate synthase, N-acetylglutamate-5-phospho- 
transferase and ornithin-acetyltransferase, which produce 
or process N-acetyl-L-glutamate as an intermediate of 
arginine-biosynthesis, a N-acetyl-L-glutamate deacety- 
lating activity has been found. In the wild type this 
enzyme is induced Mold during growth on N-acetyl-L- 
glutamate. The enzyme has been purified 400fold and 
separated from other deacetylating activities, like N- 
acetylornithinase and formylaspartate deformylase. 
Among 16 N-acetyl-L-amino acids tested as substrates, 
the partially purified preparation deacetylated N-acetyl- 
L-glutamine, N-acetyl-L-glycine and N-acetyl-L-methio- 
nine with 20% of the rate observed for N-acetyl-L-glu- 
tamate, whereas the other N-acetyl-amino acids were 
deacetylated with a rate of less than 10%. The enzyme 
was also specific with respect to the N-acyl-group and 
showed no peptidase activity. 
The physiological role of N-acetylglutamate deacetylase 
and its possible involvement in the control of the intra- 
cellular pool of N-acetyl-L-glutamate are under in- 
vestigation. 

Microbial  degradation of tr iazine herbicides  

J. Zeyer, Jenni[er Bodmer and R. Hi~tter 
Mikrobiologisches I~stitut, 
ETH-Zentrum, CH-8092 Z~rich 

Certain s-triazines and their derivatives occurring in the 
waste-water of production plants are degraded very 
slowly or not at all and can only be eliminated from the 
wastewater by complicated chemical and physical 
methods. We started a program to search for micro- 
organisms, which can degrade those triazine derivatives, 
especially the hydroxy derivatives. We would later like to 
modify these organisms genetically in order to enhance 
the metabolic or degradative capabilities (for review on 
triazines see Esser et al., in: Herbicides: Chemistry, 
Degradation and Mode of Action, chapt. 2, p. 129. Ed. 
P.C. Kearney and D. D. Kaufman. Marcel Dekker Inc., 
New York 1976). 
Microbial strains were isolated from soil samples, treated 
with triazine herbicides over many years, and from sewage 
plants from triazine production. The metabolic capabilities 
were investigated with 14C-ring labelled s-triazines which 
were added to the growth medium at a concentration of 
5 ppm. After fixed times of incubation samples were 
taken from the supernatant and were analyzed by thin 
layer chromatography, followed by autoradiography. In 
the case of cyanuric acid, the amount of 14C O3 formed 
was measured. 
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Microorganisms were found  which  can per form the  follow- 
ing degrada t ion  s teps:  N-e thy l ammel ine  to N-e thyl -  
ammel ide ,  N- i sopropy lammel ine  to N- isopropylammel ide ,  
ammel ine  to  ammel ide ,  ammel ide  to  cyanur ic  acid, 
cyanur ic  acid to  CO S and p r e s u m a b l y  N H  3. 
At  p resen t  we canno t  pe r fo rm deakyla t ions  of OH-at raz ine ,  
N- i sopropylammel ine ,  N- i sopropylammel ide ,  N-e thyl -  
ammel ine  or N-e thy lammel ide .  But  dea lkyla t ions  can 
be observed  wi th  atrazine.  W i t h  the  dea lky la ted  OH- 
forms we can pe r fo rm deamina t ions ,  and  we Call eff ic ient ly 
degrade  cyanur ic  acid. 

E n z y m e s  of  the  su l fur  m e t a b o l i s m  of Cephalosporiurn 
acrernoniurn a s s a y e d  after d i s c  e l e c t r o p h o r e s i s  

M. Liersch, J. Ni~esch and H. J. Treichler 
Ciba-Geigy AG, 
CH-4002 Basel 

For  the  b iosyn thes i s  of t h e  ant ib io t ic  cephalospor in  C 
by  Cephalosporium acremonium the  amino acid cys te ine  
is an i m p o r t a n t  precursor  (Lemke et  al., in : Cephalospor ins  
and  Penicillins,  p. 370. Ed.  E. H. F lynn.  Academic  Press,  
New York  and  London  1972). 
Up  to now 3 enzymes  syn thes iz ing  cys te ine  could be 
de t ec t ed  in t he  fungus:  

L-Serine + H~S --~ L-cysteine + H~O (1) 
O-Aeetyl-L-serine + HaS -+ L-cysteine + acetate (2) 
L-Cystathionine + H20 -+ L-cysteine + 2-oxobufyrate+NH 3 (3) 
(1) = Cystathionine ~-synthase (EC 4.2.1.22) 
(2) = Cysteine synthase (EC 4.2.99.8) 
(3) = Cystathionine ~,-lyase (EC 4.4.1.1) 

For  s tudy ing  the  inf luence of var ious  sulfur sources (e.g. 
L-Met,  L-Cys, SO~ etc. in t he  cul ture  media) on these  
enzymes,  t he  e lec t rophores is  of cell free ex t rac t s  on 
po lyac ry lamide  gels t u rned  out  to be a qui te  quick and  
effect ive me thod .  0.5-1 mg  of p ro te in  of a (NH4),SO 4- 
f rac t ion (40-65% sa tura t ion)  of a cell free ex t r ac t  was 
appl ied to a po lyac ry lamide  gel (5 • 0.5 cm, p H  7.5, 7 . 5 ~  
electrode buffer  d i e thy lba rb i tu r i c  acid, Tris p H  7 [H. IR. 
Maurer,  in:  Disc Elec t rophores is .  E d  W. de Gruyter ,  
Berl in and New York  1971]). The gel was run  for abou t  
1 h a t  5 mA. Af te rwards  t he  gel was slized into 1 m m  
discs, each disc was d iv ided  in to  4 pieces, which  were 
assayed for cys te ine  fo rma t ion  according to  the  equat ions  
1-3. 

Resul t s  w i th  d i f ferent  m u t a n t  s t ra ins  and the  effect  of 
var ious  sulfur sources are p resen ted  and  discussed. 

A n e w  a p p r o a c h  to the  b i o s y n t h e s i s  of  the  r i f a m y c i n -  
c h r o m o p h o r e  in  Nocardta  medi terranei  

O, Ghisalba and J. Ni~esch 
Ciba-Geigy AG, Werk Klybeck, 
CH-dO02 Basel 

I t  is known t h a t  the  ansa chain  of the  r i famycins  is 
der ived  f rom ace ta te -  and  p rop iona te - subuni t s .  The 
origin of a sevenca rbon  amino uni t  in the  n a p h t h o q u i n o n e  
p a r t  of the  r i famycins  is still unknown.  Carbon-13 in- 
corpora t ion  s tudies  have  shown t h a t  th is  subun i t  could 
be der ived f rom an in t e rmed ia t e  of the  sh ik imate  pa thway .  
F u r t h e r  s tudies  wi th  the  incorpora t ion  m e t h o d  canno t  
be done,  because precursors  like shikimic acid are unable  
to pene t r a t e  into the  cells of N. mediterranei and are 
there fore  no t  incorpora ted  into r i famycins .  
By  UV m u t a t i o n  we have  isolated 2 m u t a n t s  of Nocardia 
mediterranei N813 blocked in the  b iosynthes is  of a romat ic  
amino  acids. M u t a n t  A10 grows only in media  supple- 
m e n t e d  wi th  all the  3 a romat ic  amino  acids Phe,  Tyr  
and  Try  bu t  no t  in media  supp l emen ted  wi th  shikimic 
acid or quinic acid. This  m u t a n t  p roduces  r i f amycin  in 
the  same a m o u n t  as the  original  s t rain,  I t  accumula tes  
shikimic acid and 3-dehydro shikimic acid in the  medium.  
E n z y m a t i c  t e s t s  showed t h a t  t he  b lock in th i s  m u t a n t  
lies beh ind  shikimic acid. Mu t an t  A8 grows in media  
supp l emen ted  wi th  e i ther  Phe  and  Tyr  or Phe,  Tyr  and 
Try.  I t  also grows slowly when  supp lemen ted  wi th  quinic 
acid bu t  no t  w i th  shikimic acid. The p roduc t ion  of 
r i f amycin  b y  th is  m u t a n t  is ve ry  low. Mu t an t  A8 ac- 
cumula tes  a p roduc t  in the  m e d i u m  which is no t  ye t  
clearly identif ied.  The p roduc t  shows the  proper t ies  of 
a ke topentose .  The m u t a n t  m u s t  therefore  be blocked 
somewhere  in the  pen tose -shun t ,  in the  b iosynthes is  of 
e ry th rose -4 -phospha te .  
The  presen t  resul ts  show clearly t h a t  t he  b i o s y n t h e s i s  of 
r i f amycin  is corre la ted  wi th  the  b iosynthes i s  of a romat ic  
amino  acids, The seven-carbon  amino  uni t  of the  r i famy- 
c in -chromophore  m u s t  therefore  be der ived  f rom an in- 
t e rmed ia t e  of the  sh ik imate  p a t h w a y  no t  beh ind  shikimic 
acid. 
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