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A M  E R I C A N  S 0 C I ET Y F 0 R MI C R 0 B IO L O G Y  
OFFICE OF MEETINGS AND EXHIBITS 

M s .  Joyce  Car r inge r  
Cont r act  Management Branch 
Procurements  and Con t rac t s  D i v i s i o n  
U.S.  Dept. of Energy 
Oak Ridge,  TN 37381 

1913 I STREET, N.W. 
WASH~O~ON,  D.C.20006 
TELEPHONE: CODE 202,833-9680 

Dear M s .  C a r r i n g e r :  

As d i r e c t e d  by t h e  Department of Energy, enc losed  a r e  two cop ie s  of t h e  F i n a l  
Performance Report and t h r e e  c o p i e s  of t h e  F i n a l  F i n a n c i a l  S t a t u s  Report  f o r  t h e  
ASM Conference  on Genet ics  and Molecular  Biology of I n d u s t r i a l  Microorganisms 
which w a s  funded in p a r t  by a g r a n t  from t h e  Department of Energy. 

Two c o p i e s  of t h e  conference  program, a b s t r a c t s  of i n v i t e d  speake r s  and p o s t e r  
s e s s i o n s  are  a l s o  enclosed.  I a m  a l s o  send ing  a long  f o r  your r e f e r e n c e  a copy of 
Microbio logy  1985 which c o n t a i n s  ex tended  a b s t r a c t s  of t h e  symposia 
p r e s e n t  at i o n s .  

Again,  on behal f  of ASM, thank  you f o r  s u p p o r t i n g  us i n  p re sen t ing  t h i s  h i g h l y  
s u c c e s s f u l  meeting. 

S i n c e r e l y ,  

Rita C. 
Meet ing 

r c v  :mob 

Voglet  
Opera t ions  Coordinator  

Encl  o s u r  e 

cc: R icha rd  A. Bray 
Richard  Frane tzk i  
Michael  Goldberg 
George Hegeman 
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TELEPHONE: COD6 202.833-9680 I OFFICE OF MEETINGS AND EXHIBITS 

FINAL PERFORMANCE REPORT 

Th i rd  ASM Conference On Genet ics  And Molecular  Biology of I n d u s t r i a l  
Microorganisms 

September 30- October 3, 1984 
Bloomington, I n d i a n a  

Supported By The U.S. Department Of Energy 
Under Grant DE-FG05-84 ER 13284 

Under the aegis o f  the  American S o c i e t y  f o r  Microbio logy  and wi th  t h e  suppor t  of 
t h e  U.S. Department o f  Energy, t h e  Na t iona l  Sc ience  Foundat ion ,  and s i x t e e n  
c o r p o r a t e  s p o n s o r s ,  400 government, c o r p o r a t e ,  and u n i v e r s i t y  s c i e n t i s t s  m e t  
September 30 t h r o u g h  October 3, 1984 at I n d i a n a  U n i v e r s i t y ,  Bloomington, f o r  t h e  
t h i r d  ASM Conference  on Gene t i c s  and Moelcular  Biology of I n d u s t r i a l  
Microorganisms (GMBIM-3). 

The c o n f e r e n c e  w a s  comprised of 8 symposium s e s s i o n s  (a  t o t a l  of 34 f o r t y  minute  
t a l k s )  and two p o s t e r  s e s s i o n s  (72 p r e s e n t a t i o n s ) .  Topics  t r e a t e d  ranged wide ly  
o v e r  the  g e n e t i c s  and b iochemis t ry  of numerous microbes  of i n d u s t r i a l  i n t e r e s t  
and t h e i r  economica l ly  s i g n i f i c a n t  products .  G e n e t i c s  and gene expres s ion  i n  
S t rep tomyces  c o n s t i t u t e d  a major theme as d i d  e x p r e s s i o n  i n  Saccharomyces, 
g e n e t i c  e n g i n e e r i n g  i n  f u n g i  and b a c t e r i a ,  and t h e  r o l e  of plasmids i n  encoding 
genes  f o r  pathways for s y n t h e s i s  of novel  and i n t e r e s t i n g  p roduc t s  i n  microbes. 

A comple te  program and a b s t r a c t s  of t h e  symposium and p o s t e r  s e s s i o n s  were 
d i s t r i b u t e d  t o  p a r t i c i p a n t s  at  t h e  Conference and ex tended  a b s t r a c t s  of t h e  
symposium p r e s e n t a t i o n s  were pub l i shed  i n  Microbio logy  - 1985, pp. 
L i e v e ,  ed. ,  American S o c i e t y  f o r  Microbio logy ,  Washington, D.C., (1985). 

363-479, L. 

GMBIM-3, l i k e  i t s  p r e d e c e s s o r s ,  was deemed s u c c e s s f u l  ( s e e  enc losed  Conference 
r e v i e w ,  by Dean T a y l o r ,  ASM News 51: 135-138, 1985). Because of r a p i d  advances 
i n  the  areas cove red  and con t inu ing  i n t e r e s t ,  t h e r e  w i l l  be a GMBIM-4 under 
similar a u s p i c e s  and i n  t h e  same l o c a t i o n  i n  1988. 

Copies  o f  the c o n f e r e n c e  program, a b s t r a c t s  of i n v i t e d  speake r s  and p o s t e r  
s e s s i o n s ,  and l i s t  o f  r e g i s t e r e d  a t t e n d e e s  have  been a t t a c h e d  f o r  f u r t h e r  
r e f e r e n c e .  
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ASM Conference Report: Genetics and Molecular 
Biology of Industrial Microorganisms 1984 

The ASM Conference on Genetics and 
Molecular Biology of Industrial Microor- 
ganisnrs (GMBIM) was held 30 Septum- 
ber to 3 October 1984. The proceedings 
will be published in Microbiology-1985 
by the American Society for Microbiolo- 
gy, Washington, D.C. 

The campus of Indiana Universi- 
ty in Bloomington was the scene of 
the third tonference in a series spon- 
sored by ASM and held every 4 
years since 1976. The conference 
last met in Bloomington in 1980 (3) 
and has alternated biennially with 
the international Genetics of Indus- 
trial Microorganisms (GIM) meet- 
ings, the most recent of which was 
held in Kyoto, Japan, in 1982 (1.4). 
This meeting has become an excel- 
lent forum for bringing together 
scientistsl h m  the industrial and 
academic sectors. It affords an oppor- 
tunity to discuss the genetics and 
molecular biology of organisms that 
are of interest because of their in- 
dustrial applications and their con- 
tributions to our understanding of 
basic biological processes. In addi- 
tion to the traditional interests, 
which include the antibiotic-produc- 
ing actinomycetes and fungi, the list 
of industrial microorganisms has ex- 
panded to include Escherichia coli 
and other organisms finding appli- 
cations as a result of the impact of 
recombinant DNA technology. The 
meeting‘s format provided a sam- 
pling of the work being done in 
various areas relating to genetics, 
molecular biology, gene expression, 
and protein transport in these in- 
dustrial microorganisms. 

The meeting itself had three ses- 
sions per day, with an additional 
hour or two set aside for poster ses- 
sions on each of the two full days. 
This schedule did not permit much 
free time to see Bloomington or the 
campus. to enjoy the splendid fall 
weather, or to recapture one’s youth. 
The time available for discussion 
after the talks was generally ade- 
quate, and the mixers and meals 
afkr each session provided excellent 
opportunities for continued discus- 
sion. The people from Eli Lilly & Co. 
continued their practice of providing 

single-page reductions of their post- 
ers, a practice that was widely a p  
preciated. The tenor of the meeting 
favored molecular biology more 
than the classic approaches, reflect- 
ing the progress in applying molecu- 
lar techniques to the genetic analy- 
sis of industrial microorganisms. 

Some basic themes were evident 
which distinguished this meeting 
from earlier meetings. Much of the 
promise held forth at GMBIM 1980 
and GIM 1982 is now being realized, 
and products generated by research, 
particularly those resulting from 
recombinant techniques, are now on 
the market or in development. Our 
degree of understanding at  the mo- 
lecular level has expanded consider- 
ably, and not surprisingly, some 
variations are appeying. For exam- 
ple, the finding of multiple promot- 
ers or upstream regulatory elements 
is more prevalent. The complexity of 
some of the systems is now better 
appreciated, and that knowledge is 
having considerable impact on a p  
plications, including heterologous 
gene expression, overproduction of 
proteins, and antibiotic improve- 
ment. In the last several years, the 
application of recombinant DNA 
technology to Streptomyces species 
has made it possible to clone, study 
the organization of, and even manip- 
ulate antibiotic biosynthesis path- 
ways. Cloning in the yeast Saccha- 
mmyces cerevisiue has become an 
accepted practice, but such work in 
fungi has been possible only in the 
last few years. Now molecular clon- 
ing appears to be feasible even in 
antibiotic-producing fungi such as 
Cephalosporium and Penicillium. 

The meeting opened with a wel- 
come by G. Hegeman of Indiana 
University, followed by three plena- 
ry lectures. Julian Davies (Biogen, 
Geneva, Switzerland) reviewed the 
use of recombinant DNA techniques 
to modify the production of small 
molecules, including primary 
metabolites, antibiotics, alkaloids, 
and other secondary metabolites. 
David Jackson (Genex Corp.) dis- 
cussed the advent of protein engi- 
neering by recombinant DNA meth- 
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odology but also stressed the 
importance of knowing the structure 
of proteins and highlighted some 
recent advances which allow rapid 
elucidation of protein structure. 
Graham Stewart (Labatt Brewing 
Co.) described the considerations, 
difficulties, and some successes in 
genetically manipulating the yeast 
strains employed in brewing. He 
made an interesting point regarding 
the necessity of introducing a muta- 
tion (PO/’) required to eliminate the 
production of off-flavors by strains 
used to produce light beer, demon- 
strating to some in the audience the 
impact that such work can have on 
our daily lives. 

To review some of the specific 
results presented at the conference, I 
have grouped the talks on a taxo- 
nomic basis. In considering gene 
expression in yeasts, L. Guarante 
(Massachusetts Institute of Technol- 
ogy) identified the promoter and 
regulatory elements of the qcl gene 
of S. cerevisiae by using lac2 fusions. 
As has been observed in other sys- 
tems, the promoter requires a TATA 
sequence at -30 base pairs (bp) u p  
stream from the transcription start  
site, but interestingly, another cis- 
acting element, an upstream activa- 
tion sequence (UAS), is required. 
The cycl gene has two of these se- 
quences, UASl at  -275 bp and 
UAS2 at -225 bp, which are re- 
quired for heme regulation and ca- 
tabolite repression of cycl expres- 
sion. J. Meade (Cetus Corp., 
Emeryville, Calif.) described the 
cloning of an Aspergillus sp. gene for 
glucoamylase into S. cereuisiue. De- 
spite sequence similarities, the As- 
pergillus promoter was not recog 
nized and the introns in the  
Aspergillus glycoamylase gene were 
not properly excised by the yeast 
strain. The glucoamylase gene was 
then engineered to delete the four 
introns and placed behind the EN01 
promoter, permitting glucoamylase 
production, glycosylation, and trans- 
port to take place. Also in Aspergil- 
lus, the developmental regulation of 
gene expression of the sporulation 
gene cluster (spocI) was followed 
through conidiophore development 
by examining the appearance of 
polyadenylic acidcontaining tran- 
scripts (E. Miller, University of Cali- 
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fornia-Davis). One level a t  which 
these transcripts may be regulated 
is the level of chromatin structure. 
This regulation is dependent on 
chromosome location but is not dis- 
rupted by insertion into the spoCl 
cluster. John Scott (University of 
Illinois, Urbana) described the con- 
struction of a yeast acentric ring 
plasmid (YARpl) and found that it 
is in a nucleosomelike structure in 
S. cerevisiae and that it replicates 
similarly to the original chrome 
soma1 segment although at a copy 
number of 100 to 200. Cloning vec- 
ton derived from YARpl and their 
utility were described. Extending 
the range of recombinant DNA tech- 
nology to Cephalosporium, the suc- 
cessful cloning of hygromycin resist 
ance genes into this organism was 
reported by S. Queener (Eli Lilly & 
Co.). The vedor used to transform 
Cephalosporium amtained an au- 
tonomously replicating sequence 
isolated from yeast, but the trans- 
formed DNA appeared to have inte- 
grated into the Cephalosporium 
chromosome rather than remaining 
autonomous. Although the transfor- 
mation frequency (1 transformant 
per 10 pg of DNA) will need to be 
increased, at least it’s a beginning. 

The newest industrial microbe, 
E. cdi, clearly owes its prominence 
to our extensive knowledge of its 
genetics. A. Shatzman (SmithKline, 
Philadelphia) described work done 
with E. coli to optimize gene expres- 
sion and argued convincingly that a 
system optimized for expression of a 
particular gene may not be opti- 
mized for the expression of other 
genes. Larry Gold (University of 
Colorado, Boulder) presented a mod- 
el for the initiation of translation in 
E. coli based on experiments with 
T4rIIb mutants. He also offered an 
explanation for the efficiency of 
expression of translation initiation 
factor 3 (IF-3) by describing the 
structural changes that may be oc- 
curring in the ribosome to initiate 
translation of IF-3 mRNA indepen- 
dently of IF-3. A. Goldberg (Haward 
University) described the role of pro- 
teases in protein turnover, going 
into detail on the ATP-requiring 
protease produced by the lon gene, 
but examples of the effect this prote- 
ase .might have on the accumulation 
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of heterologous proteins by E. coli 
were not given. Control of replica- 
tion of the E. coli plasmid ColE1. the 
prototype for the popular pBR322 
cloning vector, is mediated by the 
interaction of a small RNA with 
another RNA which serves as the 
primer for the initiation of DNA 
synthesis. B. Polisky (Indiana Uni- 
versity) presented experimental evi- 
dence indicating which segments on 
these RNAs are needed for this in- 
teraction. Methods for probing the 
secondary structure of RNA, includ- 
ing the use of methidium-propyl 
EDTA-Fe(II), were aptly demon- 
strated by J. Vournakis (Syracuse 
University). The application of vari- 
ous gene expression systems for the 
production of vaccines was described 
by D. Kleid (Genentech) with the 
notable inclusion of the use of mam- 
malian cells as gene expression sys- 
tems for antigen production. 

Gene expression in Bacillus spe- 
cies was represented as well and is 
particularly interesting as a system 
clearly being developed on its own 
merits but which bears watching 
because of its similarities or analo- 
gies to Streptomyces. R. Losick (Har- 
vard University) has been examin- 
ing the sporulation genes of 
Bacillus, particularly the s p d G  
gene, as a model of developmentally 
regulated genes. The promoter for 
spoSG was fused to lacz on phage 
SPp for introduction into various 
mutant hosts, demonstrating that 
three s p o 0  genes are required for 
induction. The spo5G promoter re- 
gion contains two sets of -10 and 
-30 regions and two transcription 
start sites plus an AT box upstream 
that enhances promoter function. To 
facilitate analysis of gene expression 
in Bacillus generally, a derivative of 
transposon Tn92 7 was described 
which contains the E. coli lacz gene 
with a Bacillus ribosome binding 
site appended. This transposon is 
carried on a temperature-sensitive 
plasmid so it can insert readily into 
the chromosome; such events can be 
selected for by antibiotic resistance. 
Intempted genes can be studied by 
fusing the promoter upstream of the 
insertion site to the lacZ gene on the 
transposon. Developmentally regu- 
lated genes can be detected by the 
regulated expression of hc2 with 4- 

methylumbelliferyl- p- o-galactoside, 
a fluorogenic substrate for 9-galac- 
tosidase. Unfortunately, this trans- 
poson does not appear to work in 
Sttvptornyces species. P. Lwett (Uni- 
versity of Maryland) discussed the 
inducible chloramphenicol resist- 
ance found in Bacillus species; a 
stem-loop structure may play a role 
in the regulation of expression of 
this gene. Interestingly, screening 
chloramphenicol-related antibiotics 
led to finding a chloramphenicol an- 
alog, amicetin, which will induce 
expression. 

The work presented on Strepto- 
myces systems was impressive both 
in its volume and in its  contribution 
to our understanding of this orga- 
nism. The topics described included 
gene expression, antibiotic produc- 
tion, DNA rearrangements, plas- 
mids, phages, and inseltion ele- 
ments. The examination of gene 
expression in Streptomyces by using 
various gene fusion systems to ex- 
amine promoters was described. Us- 
ing E. coli genes for kanamycin or 
chloramphenicol resistance, G. 
Janssen (John Innes Institute, Nor- 
wich) compared various promoters 
derived from Streptomyces antibiotic 
resistance determinants. Xnterest- 
ingly, two transcription star t  sites 
were identified for some of the p m  
moters analyzed. Comparison of the 
sequences failed to reveal a consen- 
sus promoter sequence, and compar- 
isons with E. coli and Bacillus pro- 
moters showed incomplete homology 
but no convincing demonstration of 
their role in promoting transcrip 
tion. Of particular interest was a 
report by J. Fayerman (Lilly) that 
the wg promoter of Baciilus can 
express E. coli p-galactosidase and 
hygromycin phosphotransferase ac- 
tivities in Streptomyces ambofa- 
ciens. This promoter is also recog 
nized in vitro by one form of 
Streptomyces RNA polymerase (J. 
Westpheling, Harvard University). 
The Streptomyces p-galactosidase 
gene region was characterized, and 
three promoters contained in that 
region were reported by T. Eckhardt 
(SmithKline), as was the expression 
of E. coli galactokinase transcribed 
by one of these promoters in Strepto- 
myces (M. Brawner, SmithKline). 
Even the PL promoter of coliphage 
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lambda was reported to express the 
phosphotransferase of Tn5 in Strep- 
tomyces (N. Rao, Lilly). 

The cloning of genes involved in 
antibiotic biosynthesis was de- 
scribed by D. Hopwood (John Innes 
Institute). In addition to reviewing 
the strategies that he and his collab- 
orators have used recently to clone 
antibiotic biosynthesis genes, in- 
cluding the entire pathway for ac- 
tinorhodin (5), he presented some 
interesting results obtained by us- 
ing cloned actinorhodin genes. 
Working with S. Omura and col- 
leagues (Kitasato Institute, Tokyo), 
they found that when a plasmid 
carrying genes for part of the actin* 
rhodin pathway was introduced into 
a producer of medemycin, another 
isochromanequinone antibiotic re- 
lated to actinorhodin, the organism 
produced a hybrid antibiotic. The 
results were colorful because the hy- 
brid antibiotic, mede-rhodin, is a 
pigmented antibiotic clearly distinct 
from both parent compounds. How- 
ever, when the entire pathway for 
actinorhodin was introduced, only 
the two individual antibiotics were 
produced. One of the strategies for 
cloning in Stneptbmyces species, mu- 
tational cloning (21, as applied to 
primary metabolism genes and to 
the genes for production of methyl- 
enomycin was described by K. 
Chater (John Innes Institute). This 
procedure relies on cloned DNA to 
provide the homology for integra- 
tion of the phage genome into the 
chromosome since the attachment 
site has  been deleted from the 
phage. When the cloned DNA is 
derived from the methylenomycin 
region, genes for its production can 
be interrupted. One "mutational 
clone" gave increased production of 
methylenomycin, indicating that a 
negative control may have been in- 
activated. Analysis of other muta- 
tional clones has indicated that the 
production genes are clustered on 
either side of the resistance gene, a 
fortuitous arrangement for gene 
cloners if it applies to other antibiot 
ic production genes. Another meth- 
od to improve antibiotic production 
was described by B. Weisblum (Uni- 
versity of Wisconsin-Madison), who 
demonstrated that maridamycin se- 
lection of Streptomyces lincolnensis 

mutants constitutive for resistance 
produced fivefold more lincomycin. 
The cloning of the gene involved in 
actinomycin D biosynthesis was pre- 
sented by G. Jones (University of 
Michigan-Ann Arbor). The gene for 
phenoxazinone synthetase from 
Streptomyces antibioticus was cloned 
in Streptomyces lividam and detect- 
ed by using a sensitive enzyme as- 
say. The surprise came when differ- 
ent fragments were identified in 
three of the synthetase producers. 
One of these fragments was shown 
to code for the synthetase, and the 
other two are thought to encode 
functions which induce a silent S. 
lividurn gene to express itselfl, this 
work will be interesting to watch as 
it is explored further. 

Streptomyces species have long 
been noted for unstable phenotypes 
and variable colonial morphology, 
implying genetic instability. Now, 
the basis of that genetic instability 
is being investigated at  the DNA 
level with interesting results. H. 
Shrempf (Dalhousie University) has 

Seen deletions of the tyrosinase gene 
in S. untibwticus associated with 
D N A  amplification and rearrange- 
ments; some of the sequences in- 
volved occur in most Streptomyces 
strains. Similar observations were 
made for the Streptomyces glauces- 
cens tyrosinase gene; but in ad+,- 
tion, G. Hintermann (Zurich) pre- 
sented evidence that high-frequency 
loss of streptomycin resistance and 
production is due to large deletions. 
The structure of an amplified DNA 
segment was characterized by C. 
Hershberger (Lilly). The amplified 
DNA contains head-tu-tail repeats 
generated by reiteration of a 10.5 
kilobase (kb) segment b o d e d  by 
2.2 kb of directly repeated se- 
quences. With these regions as 
probes, other related sequence and 
their organization are being studied. 

Other genetic elements would be 
expectd to play a role in DNA rear- 
rangement, namely insertia ele- 
ments, and again Stmptbmycu has 
not disappointed us. Chater et al. 
reported a 1.6-kb segment of DNA 

Upcoming ASM Conferences 
Virus Attachment and Entry Into Cells 

The ASM Conference on Virus Attachment and Entry Into Cells 
will be held Wednesday through Saturday, 10-13 April 1985, at the 
Franklin Plaza Hotel in Philadelphia, Pa. The preliminary program 
and preregistration and housing forms for this meeting appeared in 
the February 1985 issue of ASM News. Further information is 
available by writing to the ASM Conferences Department at the 
address below. 

Molecular Aspects of Protein Secretion and Membrane 
Assembly: Deadline for Abstracts 

The ASM Conference on Molecular Aspects of Protein Secretion 
and Membrane Assembly will be held Sunday through Wednesday, 
12-15 May 1985, at the South Bend Marriott Hotel in South Bend, 
Ind. Contributed papers will be presented in the poster sessions. Those 
wishing to contribute should submit an abstract on an official 
abstract form no later than 18 March to the ASM Conferences 
Department a t  the address given below. Official abstract forms can 
be obtained by contacting the ASM Conferences Department. Atten- 
dance will be limited to 300 participants. The preliminaIy propun 
and preregistration and housing forms for this meeting appeared in 
the January 1985 issue of ASM News. 

For further information on these upcoming conferences, contact the 
Conferences Department, American Society for Micmbiology, 1913 I 
St. NW, Washington, DC 20006, (202) 833-9680. 
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which was acquired by an attde- 
IeLed G 3 1  phage, permitting the 
phage to integrate into the Strepto- 
myces coeficolor chromosome a t  sev- 
eral sites. This sequence, designated 
IS110, is present in several copies on 
the genome of S. coelicdor but ab- 
sent in S. lwidans. D. Lydiate (John 
Innes Institute) o b s e d  a 2.6-kb 
sequence which could exist as cova- 
lently closed circular DNA with a 
copy number of 0.2 and dernonstrat- 
ed that i t  exists as an integrated 
sequence as well, suggesting that 
this DNA may also move around the 
genome like a trans-. Another 
well-known DNA sequence of S. cue- 
licolor, SLP1, can exist as a plasmid 
or integrated into the chromosome 
in S. lwidans. Evidence for a mecha- 
nism based on site-specific excision 
and integration of SLPl has come 
h m  studies by C. Omer (Stanford 
University) which show some simi- 
larities to bacteriophage lambda (6). 
A Streptomyces fi-udhe phage was 
also described which, like the E. coli 
phage P1, can exist as a plasmid but 
propagate as a phage (S.-T. Chung, 
Upjohn Co.). The meeting was re- 
plete with reports on new plasmids, 
phages, and vectors, which will re- 
quire additional studies to ascertain 
their importance. 

The topic of protein secretion in 
three systems was addressed by four 
speakers. The pathway used by 'S. 
cereuisioe to transport invertase to 
the Golgi body was reviewed by R 
Shekrnan (University of California- 
Berkeley), who described the effects 
that glycosylation and various mu- 

tations have on transport. J. 0. 
Lampen (Rutgers University) com- 
pared the signal sequences of Ba- 
cillus proteins and the typical 
sequences of gram-negative orga- 
nisms. Using the M13 coat protein 
to study translocation of protein into 
the E. coli membrane, W. Wickner 
(University of California-Los Ange 
led described some clever experi- 
ments that allowed overproduction 
of the peptidase that converts M13 
procoat to coat protein and to follow 
cleavage and insertion of the protein 
ihto the membrane. L. Randall 
(Washington State University, Pull- 
man) explained that the secretion of 
proteins into the periplasm of E. coli 
is not coupled to polypeptide elonga- 
tion but requires proton motive force 
for translocation. Again it is obvious 
that the better-studied systems have 
the advantage, but it will only be a 
matter of time before more is known 
about the secretion of proteins by 
other organisms. The reports of ex+ 
cellular proteins produced by Strep- 
lomyces species included P-galacto- 
sidase, tyrosinase, agarase, and 
esterase. 

As is apparent, the topics cov- 
ered by the meeting were diverse, 
reflecting the attendance which 
could be arbitrarily broken down as 
follows: 35% academic, 35% indus- 
trial, 14% biotechnological, and 168 
other various groups. The organiz- 
ers, Dr.3 Hershberger and Hegeman 
and colleagues, are to be commend- 
ed for organizing a meeting which 
can bring together such a diverse 
group and seemingly please the ma- 

jority. Moreover, they are to be re- 
spected for their willingness to re- 
peat the task of organizing the next 
meeting, to be held in Bloomington 
in 1988. Given the rate of progress, 
we can expect to hear about applica- 
tions of cloning to commercially in- 
teresting antibiotics, protein export, 
and production of proteins of phar- 
maceutical importance, as well as 
areas that the next 4 years will 
determine to be relevant. 

Dean Taylor 
Dept. of Moleculcv Genetics 
SmithKLine & French Lbo&ries 
Philadelphia, PA 19101 
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Publications 

MCB Annual Report 
Molecular and Cellular Biology 

(MCB) this past year has again 
grown in quantity and quality. A 
total of 660 manuscripts were proc- 
essed. compared with 500 in 1983 
(Fig. 1). This represents an increase 
of more than 30%. Volume 4. pub- 
lishcd in 1984. consist4 of389 origi- 
nril r e p a s  and 2.936 pages. 
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The rapid rise of MCB to a posi- 
tion of importance among scientific 
publications has been possible be- 
cause of the genuine interest and 
active participation of many. More 
than 300 ad hoc reviewers, listed in 
the December issue, provided in-  
valuable advice to the editors and 
editorial board members. On-sched- 
ule publication was also facilitated 
by the committed .efforts of Ash1 

Publications Board Chairman Helen 
R. Whiteley, Director of Publica- 
tions Walter G. Peter Il l .  Managing 
Editor, Journals, Linda M. Illig, and 
the many others in the ASM Publi- 
cations Office. 

The scope and goal of MCB--to 
advance and disseminate fundamen- 
tal knowledge concerning the molec- 
ular biology of eucaryotic cells of 
both microbial and higher orga- 
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High l e v e l ,  i n d u c i b l e  r e s i s t a n c e  t o  t e t r a c y c l i n e  
encoded on t h e  chromosome of B a c i l l u s  s u b t i l i s  

101 - 

Alice Morgan and Ron Wilson 
The Dow Chemical Company 

C e n t r a l  Research 
Biotechnology Laboratory 

1701 Bui ld ing  
Midland MI, 48640 

I n  t he  process  of  t ransforming B a c i l l u s  s u b t i l i s  BC92 w i t h  a 
chloramphenicol (cm) and t e t r a c y c l i n e  (TC) r e s i s t a n c e  plasmid (pCW59) 
from Staphylococcus aureus ,  a few C$TcR t ransformants  were i s o l a t e d .  
A l l  of t he  t ransformants  exhib i ted  high l e v e l  i n d u c i b l e  r e s i s t a n c e  t o  
t e t r a c y c l i n e .  
t ransformants  e i ther  by d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  or agarose  g e l  
e l e c t r o p h o r e s i s .  
t h e  absence of pCW59 DNA. Phage PBS1 was used t o  map Tc r e s i s t a n c e  on 
t h e  B. s u b t i l i s  chromosome. The p o s s i b i l i t y  for t h e  i n t e g r a t i o n  of 
t h e  3W59 TcK determinant  i n t o  the  B. s u b t i l i s  chromosome is  discussed.  

However, no p lasmid  DNA was detected i n  any of the 

I s o l a t i o n  of C$TcR t ransformants  d i d  not  occur  i n  

CONSTRUCTION OF VERSATILE GENE FUSION VECTORS FOR BACILLUS SUBTILE, 
Mark A. Sullivan, Microbiology Division, Southern Research Institute, Birmingham, AL 

Two plasmid vectors have been constructed which allow efficient isolation and 
characterization of lacZ gene fusions in B. subtilis. Both vectors replicate and confer 
ampicillin resistance in E. coli and have an intact  gene containing an  array of unique 
restriction sites in t h e  N-terminal portion of t h e  gene. Insertion a t  these si tes of E. 
subtilis DNA fragments which contain a promoter+and an N-terminal protein sequence in 
f rame with t h e  remainder of lacZ will yield a Lac  phenotype in B. subtilis. One vector, 
pMAS100, confers chloramphenicol resistance in B. subtilis, g u t  lacks an origin of 
replication. Cmr transformants arise by in tegra t6n  via homology with the  inserted 
promoter, resulting in only one copy of the fusion per cell. The other  vector, pMASlO1, 
confers kanamycin resistance and replicates as a plasmid in B. subtilis yielding 20-40 
copies of the  fusion per cell. 

102 - 

- 
- -  

- 

- 

To demonstrate the  utility of these plasmids, a DNA fragment containing t h e  
regulatory region and eight amino acids of t h e  leader sequence of t h e  extracellular serine 
protease of B. subtilis (sprE) has been cloned in both plasmids. In the integrated form, 
p-galactosidase is synthesized only at the  end of exponential growth in sporulation 
medium. In medium which represses sporulation due to a high glucose concentration, 
post-exponential induction of &galactosidase is not observed. When t h e  fusion is present 
on  a multicopy plasmid, elevated levels of &galactosidase are present during exponential 
growth, but a 3- to 4-fold induction is st i l l  observed as the  cells enter stationary phase. 

1 0 1 8 4 3 1  



Secretion o f  Staphylococcal Nuclease in Bacillus subtilis. 
S .  KOVACEVIC, L. E. VEAL, H. M. HSIUNG and J. R. MILLER, Lilly Research 
Laboratories, Eli Lilly and Company, Indianapolis, Indiana 46285.  

103 - 

The staphylococcal nuclease (nuc) gene from Staphylococcus aureus has 
been cloned and expressed in Bacillus subtilis. 
expressed either from its own promoter and translation start signals or from 
a combination o f  a Bacillus promoter, ribosome binding site, and signal 
peptide sequence. Greater than 80 percent of active gene product was 
secreted into the medium, whereas, when a signal peptide sequence was 
absent, only 10 percent o f  the nuclease activity was found in the culture 
medium. Intracellular ( o r  cell-bound) nuclease, as determined by Sodium 
Dodecyl Sulfate-Polyacrylamide gel electrophoresis and Western blotting, was 
shown to have the molecular weight predicted by the length of  the signal 
peptide. 
depending on the growth medium and strain used. These findings indicate the 
prospective use of nuclease as a model system for studying secretion of  
heterologous proteins is - B. subtilis. 

The nuclease protein was 

Levels of nuclease reached 50 mg per L in the culture medium 

.Cons t ruc t ion  and use of a l a c 2  fusion vec to r  f o r  1 o!, 
B a c i l l u s .  P.M. A N D R E O L I ,  H . X .  SCHEFFERS, C . H . C .  V A N  - 

VELDHOVEN and J . P . M .  SANDERS*, Dept.  of B a c t e r i a l  Genet ics ;  
Gist-Brocad.?s N . V .  , D e l f t  - The S e t h e r l a n d s .  

The t -ga l ac tos idase  s t r u c t u r a l  gene l a c 2  can be fused t o  t h e  
promotor and c o n t r o l l i n g  e lements  of  o t h e r  genes ,  as  a way t o  
provide  an enzymatic a s say  f o r  gene expres s ion .  I n  order  t o  
apply  such a system i n  B a c i l l u s ,  w e  have cons t ruc t ed  t h e  l a c 2  
v e c t o r  pGBG3415. T h i s  dua l -hos t  v e c t o r  was cons t ruc ted  by t h e  
E - . c o l i  plasmid p!dLB1034 (which has unique EcoRI, 5 ~ 3 1  and 
BacHI s i t e s  wi th in  t h e  f i r s t  24 bp of t h e  l a c 2  gene) and t h e  
B a c i l l u s  plasmid pBD15 (which a l lows  r e p l i c a t i o n  and provides  
f o r  erythromycin r e s i s t s n c e  (Em ) i n  B-.s*t-i.>_s). TO show 
t h a t  pGBC3415 can be used t o  i s o l a t e  and i d c n t i f y  r c s t r i c t i o n  
fragments  wi th  promotor a c t i v i t y ,  w e  d i g e s t e d  chromosomal 
B . l i chen i fo rmis  DNA w i t h  =RI3 o r  Sau3A and l i g a t e d  t h e  f r ag -  r 
ments t o  *RI o r  BamHI d i g e s t e d  pGBG3415. Among t h e  Em 
E.coli-LGgO - t r ans fo rman t s  ob ta ined  wi th  t h i s  l i g a t e d  DNA 
on ly  4% formed red  c o l o n i e s  on MacConkey i n d i c a t o r  p l a t e s .  
Tra::sformation of g . s u b t i l i s  w i t h  p lasmid DNA i s o l a t e d  from 
t h e s e  r ed  c o l o n i e s ,  y i e l d e d  p a l e  b lue  t o  dark  blue B a c i l l u s  
t r a n s f o r n a n t s  on Sp iz i zen  a g a r  p l a t e s  con ta in ing  Xgal. The 
p r o p e r t i e s  of t h e s e  promotor f u s i o n  plasmids w i l l  be 
presented  wi th  s p e c i a l  emphasis on t h e i r  pronotor  s t r e n g t h , a n d  
t h c i r  s t a b i l i t y  i n  E . c o l i  a5 w i l l  as i n  - B . s u b t i l i s  

r . 

- - 
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105 THE MLS RESISTANCE MESSENGER RNA OF P L A S M I D  PE194: 

DEMONSTRATION OF I T S  CONFORMATIONS AND OF THE LEADER PEPTIDE THAT I T  ENCODES 
- 

Mark Mayford and Bernard Weisblum 
U n i v e r s i t y  o f  Wisconsin, Madison, W I  

Co-resistance t o  3 chemica l l y  d i s t i n c t  groups o f  a n t i b i o t i c s ,  namely, 
t h e  macrol ides,  lincosamides, and s t reptogramin B (MLS) a n t i b i o t i c s  comprises 
a r e s i s t a n c e  syndrome of b a c t e r i a  i n  which biochemical  a l t e r a t i o n  o f  the 
ribosome, namely N6-methylat ion o f  a s i n g l e  adenine res idue i n  23s rRNA 
confers res is tance t o  a l l  members belonging t o  t h e  t h r e e  groups. Both 
i n d u c i b l e  and c o n s t i t u t i v e  forms o f  MLS r e s i s t a n c e  are found i n  s t r a i n s  
i s o l a t e d  f rom nature. One i n d u c i b l e  form o f  MLS r e s i s t a n c e  s p e c i f i e d  by a 
smal l  Staphylococcus aureus plasmid, pE194, has prov ided a model system i n  
which t o  s tudy the biochemical b a s i s  o f  induced MLS res is tance.  S p e c i f i c  
a c t i v e  and i n a c t i v e  conformations o f  t h e  MLS methylase mRNA comprise key 
fea tures  o f  the a t tenuat ion  model according t o  which the  mRNA assumes an 
a c t i v e  conformat ion as a consequence o f  i n t e r n a l  rearrangement. Th is  rear ran-  
gement, i n  t u r n ,  i s  c a u s a l l y  l i n k e d  t o  i n h i b i t i o n  by an inducing a n t i b i o t i c ,  
of t h e  synthes is  o f  a h y p o t h e t i c a l  1 9  amino a c i d  pept ide  whose corresponding 
s t r u c t u r a l  gene over laps p a r t  o f  the  c o n t r o l  reg ion.  I t  i s  pos tu la ted  t h a t  the 
conformat ional  s h i f t  which occurs unmasks t h e  ribosome load ing  s i t e  sequest- 
ered by the  i n a c t i v e  conformat ion t h a t  the  mRNA assumes dur ing  growth under 
non- inducing condi t ions.  Strong support  f o r  t h e  model o f  induc t ion  has come 
f rom genet ic  s tud ies  i n v o l v i n g  c o n s t i t u t i v e  mutants i n  which expression o f  MLS 
r e s i s t a n c e  was c o r r e l a t e d  w i t h  d e s t a b i l i z a t i o n  o f  t h e  secondary s t r u c t u r e  of 
t h e  MLS mRNA leader sequence. 

We have analyzed the  conformat ion o f  t MLS mRNA more d i r e c t l y  us ing  
biochemical  means i n  which we cleave gamna-Q5P-end-labeled t r a n s c r i p t s  w i t h  
nuclease probes t h a t  d i g e s t  RNA d i f f e r e n t i a l l y  according t o  the  conformat ion 
which t h e  l a t t e r  assumes. I n  t h e  present  s tud ies  t h e  +1 s i t e  f o r  t r a n s c r i p t i o n  
i n i t i a t i o n  o f  the i n d u c i b l e  23s rRNA adenine methylase encoded by plasmid 
pE194 was determined e x p e r i y f n t a l l y  by S1 mapping o f  mRNA synthesized i n  v ivo,  
and by T 1  mapping o f  gamna- P-end-labeled t r a n s c r i p t s  synthesized i n  v i t r o .  
By p a r t i a l  d i g e s t i o n  o f  t h e  i n  v i t r o  t r a n s c r i p t s  us ing  S1-, T1-, and cobra 
venom nucleases as probes o f  mRNA conformation, s i n g l e -  and double-stranded 
reg ions,  respec t ive ly ,  were i d e n t i f i e d  which correspond t o  the c r i t i c a l  stems 
and loops pos tu la ted  f o r  a c t i v e  and i n a c t i v e  conformations o f  the nascent 
mRNA. According t o  t h e  model f o r  induc t ion ,  t h e  t r a n s i t i o n  f r o m  i n a c t i v e  t o  
a c t i v e  conformat ion invo lves d i s r u p t i o n  o f  mRNA secondary s t r u c t u r e  and t h i s ,  
i n  t u r n ,  occurs as a consequence o f  p r o t r a c t e d  occupancy by ribosomes 
complexed w i t h  erythromycin, o f  one o f  the c r i t i c a l  stem sequences t h a t  
a d d i t i o n a l l y  contains an open read ing  frame corresponding t o  p a r t  of the  1 9  
amino a c i d  c o n t r o l  pept ide.  The ex is tence o f  the c o n t r o l  pept ide,  p red ic ted  by 
t h e  n u c l e o t i d e  sequence o f  t h e  c o n t r o l  region, was demonstrated as p a r t  of a 
t r a n s l a t i o n a l  f u s i o n  wi th Escher ich ia  - c o l i  beta-galactosidase. The DNA 
sequence a t  t h e  amino end o f  t h e  f u s i o n  p r o t e i n  s t r u c t u r a l  gene corresponds t o  
t h e  amino a c i d  sequence MGIFSGDPVVL i n  which MGIFS- i s  der ived  from the pEl94 
MLS leader  c o n t r o l  pept ide and -GDPVVL i s  der ived f rom beta-galactosidase. 
D i r e c t  amino a c i d  sequence determinat ion t o  the  e x t e n t  o f  1 0  res idues from the 
amino end gave GIFSGDPVVL as t h e  N-terminal  sequence o f  t h e  f u s i o n  pro te in .  

1 0 1 8 8 3 3  



106 - Isolation of Plasmids Containing B. subtills 168 DNA that complement the 
LeuB Gene of E. coli HBlOl, J. Greenwood; J. Shultr, Miles Laboratories, 
Elkhart, IN 
- - -  
Two plasmids that allow E. coli strain HBlOl leu B, E,- B1) to grow in 
minimal media lacking leucine were selected from a pool of clones 
containing Eco R1 Fragments of B. subtilis 168 DNA inserted into the Eco 
R1 site of pBR322. 
to contain two Eco R1 fragments of E. subtills DNA of 3.0 and 1.9 kb and 
2 . 4  and 1.9 kb, respectively. The common 1.9 kb DNA fragment was found 
to be identical in the two clones and was subsequently shown to contain 
all the DNA needed to complement leuB in E. coli HBlO1. 
blot analysis of these clones suggest that they are both clones of the 
same region of the chromosome - differing only In the flanking DNA 
segment present with the common 1.9 kb Eco Rl fragment. Neither clone 
was able to complement& subtilis strains for either leuA, leuB or 
leuC. 
clones in E. coli revealed that a 39,500 dalton protein I s  associated 
with the aklity of these clones to complement leuB. 

- -  

- -- - 
These two clones, pleul and pleu2, were both shown - 

Southern - -  

-- In vivo transcription and translation of the DNA of various - -- - - 
107 CHARACTSRIRATION OF PLASMID DNA FROM THIORaCILJ,lTS FERROOXIDANS R V  RESTRICTION 

ENZYME MAPPING. 
Microbioloqy, Oh10 S t a t e  Un ive r s i tv ,  Columhus, Ohio 4321 0. 

- K. Mattern nolan* and O l l i  H. TUovinen, Department of  

T h i o b a c i l l u s  fe r rooxidans  i s  an  a c i d o p h i l i c  chemolithoautotroph t h a t  
has  been shown to enhance t h e  s o l u b i l i z a t i o n  of metals from o r e  m a t e r i a l s .  . 

Because of  i t s  phys io loq ica l  c h a r a c t e r i s t i c s  , t h e  bacterillm shows promise i n  
h iohydrometa l lu rq ica l  processess. 
p r e v i o u s l y  desc r ibed  s t r a i n s  of E. f e r r o o x i d a n s  TFI-29 and TFI-35 was charac-  
t e r i z e d  by cesium chloride-ethidillm bromide d e n s i t y  c e n t r i f u q a t i o n  and re- 
s t r i c t i o n  rnaopinq. TFI-29 w a s  shown t o  c o n t a i n  t w o  plasmids, DTF-291 and 
pTF-292 w h i l e  o n l y  one plasmid, DTF-350 w a s  d e t e c t a h l e  i n  TFI-35. Plasmids 
pTF-291 and pTF-350 were d i q e s t e d  separatelv wi th  six d i f f e r e n t  r e s t r i c t i o n  
enzymes: 
con ta ined  a s i n q l e  r e s t r i c t i o n  s i te  for HindI I I .  
t o  y i e l d  t h r o e  r e s t r i c t i o n  fraqments  as d i d  E R I ,  whereas d i g e s t i o n  w i t h  
_I R a r n H I  produced four l i n e a r  fraqments. Separate d i q e s t i o n s  wi th  E 1 1 1  and 
- R q l I  produced numerous small fraqments. The p o s i t i o n s  of t h e  d i f f e r e n t  
c l eavaqe  sites €or HinAIII, %HI ,  and =I w e r e  determined hv d i q e s t i n s  t h e  
plasmid DNA wi th  appropr i a t e  pairs of enzymes. Based o n  t h e  res t r ic t ion enzyme 
d a t a ,  pTF-291 and pTF-3SO are assumed to be t h e  same plasmid. Res i s t ance  to 
Hq2+ w a s  a lso i n v e s t i q a t e d  because mercur ic  r educ ta se ,  known to be exc l i i s ive ly  
plasmid mediated, was p re sen t  i n  TFI-29. 1. fe r rooxidans  TFI-29 showed a 
h i s h e r  level  of  r e s i s t a n c e  to  mercur ic  i on  than  d i d  TFI-35 (10 UM and 5 uM, 
r e s p e c t i v e l y ) .  The presence or absence of mercuric  ion  i n  t h e  qrowth medium 
d i d  n o t  a f f e c t  t h e  plasmid p r o f i l e  00 e i t h e r  s t r a i n .  nNA:DNA homoloqv 
s t u d i e s  are i n  prosress to  l o c a t e  t h e  mercur ic  r educ ta se  qenes. 

In  t h e  p r e s e n t  work , plasmid DNA i n  

H i n d I I I ,  - ?stI, E R I ,  = H I ,  -111, and - R q l I .  The plasmids 
=I diqested t h e  plasmids 



GLYCEMIC STATUS OF SIDS SIBLINGS : LEVELS OF THE E:iZY?lE PHOSPkl(1E:COL- 

Renqachari Raghunatnan , Henry \<.Foster Jr.” Srin1vas.N , Donald 
B.Barnes3 & Lana Eeavers . 1. Division of Research,Department of 
Obstetrics & Gynecology,Meharry Yedical College,Nashville,Tn,37208; 
2. Private Obstetrics Practice, Hendersonville,Tenn,37075 & 3. 3edfcr-l 
County General Hospital, Shelbyville, Tenn,37160. 
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PYRUVATE CAIIE3OXYKI::ASE IN A.YNIOTIC FLUID OF SIDS-SIBLITJGS. 

1 2 

3 

There is considerable controversy regarding a genetic component for 
Sudden Infant Death Syndrome(S1DS). Among the several theories on 
the cause of this disease, it has been suggested that in SIDS victirrs, 
gluconeogenesis may be impaired in the liver, due to the complete 
absence of/and or a decreased level of the enzyme, phosphoenolpyruvate 
carboxykinase(PEPCK). If this hypothesis is true, it would be 
worthwhile to explore it further, since PEPCK is a key enzyme in the 
pathway of glucose synthesis and its absence or low levels could lead 
to very low energy levels in the brain of infants, making the brain 
to either abruptly stop working or stop transmitting signals to the 
vital organ, the Xeart. 
LJe have recently snown a variation in the levels of the enzyme, 
PEPCK during gestation in amniotic fluid samples obtained from normal 
pregnancies. The specific activity of this enzyme in amniotic fluid 
of normal pregnancies ranged from 5.5. to 14.22 n moles/min/mg protein, 
depending on the stage of gestation. As opposed to these normal 
levels, in a SIDS-sibling pregnancy at term, PEPCK activity was 
found to be 6.2 n moles/ min/mg protein. Comparative levels of 
PEPCK in amniotic fluid of normal pregnancies obtained at term as 
shown in our earlier studies was 10.85 n moles/min/mg protein. In 
another Crib death sibling pregnancy at term, the PEPCK level was 
found to be 7.4 n moles/min/mg protein. Thus, there is a 32 and 
43 per cent reduction respectively in PEPCK activity of the amniotic 
fluid of the above SIDS-sibling pregnancies, when compared with the 
normal pregnancies at term. These differences are h fgk l y  
significant. Incidentally, one of those two infants had experienced 
several periods of apnea in the nursery, lasting approximately 15 
seconds each and hence the baby was placed continuously on a respirator: 
monitor and remained on the monitor at all times, except while feeding. 
The possibility of eventually developing a prenatal diagnostic test 
for SIDS, using the above results and the probable genetic implications 
will be discussed. (Supported in part by NIH Grant # RR08198). 
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Relationship of Aflatoxins B and G in Aspergillus parasiticus. 
J. C .  Floyd, J. W. Bennett”, and J. C.  Xills, 111. Tclane Lniv., Kew 
Orleans, LA. 
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In 5.  parasiticus, the four major aflatosins (B1, B 2 ,  Li, and G 2 )  
are produced simultaneously as products o i  a secondary bios;Jnthotic 
pathway that includes the general steps: acetate + anthraquinones + 
xanthones + aflatoxins. IR initial experiments, significant incor- 
poration of unlabeled sterigmatocystin (0.65 p m o l )  into the major 
aflatoxins B1 and G1 was observed in whole cell experiments with 
blocked mutants, The versicolorin A-accumulating mutant exhibited 
58-66% conversion of  sterigmatocystin into aflatoxin al, and 4-8% 
into aflatoxin G1 after 24-96 h r s  incubation in replacement media. 
Tne blocked f l u f f  mutant exhibited 12-33% conversion into aflatoxin B1 
and 1-2% incorporation into aflatoxin GI under comparable conditions. 
No such biogenetic conversions were observed when aflatoxins B1, B2, 
G1 or G2 were presented to these same mutants. 
implicating aflatoxin B 1  as a precursor of the other aflatoxins must 
be re-examined in light of these data. 

Previous theories 

110 - Computerized storage, retrieval, manipulation and d i s p l a y  
of restriction and g e n e t i c  maps. 

Joseph L .  Modelevsky*, B . N .  Stone**, G. L. Griesinger**. < i n d  
Franklin H. N o r r i s * * .  

*Molecular a n d  Cell B i o l o g y  R e s e a r c h  D ~ v i s i o n ,  **Scientific 
lnformation Systems, El1 L l l l y  and C o .  

Restriction maps d r e  e f f l c l e n t .  conventional means f o r  
s u m m a r i 7 i n g  and commun i c a t i ng d e  s c r i p t I o n  s o f  p 1 A s m i  d 
constructions and derivatives. S u c h  m a p s  c a n  condense a l a r g e  
amount of informatlon into B s i n g l e  d i s p l a y .  Often, e n t i r e  
g e n e t i c  engineering projects can be described b y  using a s e r i e s  
of r e s t r i c t i o n  map d i s p l a y s .  

We describe an i n t e g r a t e d  s e t  o f  computer programs d e s i g n e d  
to permit electronic storage, retrieval. manipulation and display 
of restriction and g e n e t i c  maps and supporting t e x t u a l  
information. These programs read simple, f r e e  format d a t a  t a b l e s  
and convert the d a t a  t a b l e s  into sophisticated g r a p h i c s  a n d  
alphanumeric displays o f  restriction maps. T h e  programs t e s t  a n d  
automatically compensate f o r  overlapping information. 

T h e s e  programs a r e  interactive and comnunicate in the 
vernacular of the molecular biologist. Operations include 
creation of maps, editing of maps, c i r c u l a r  color graphics 
display o f  m a p s ,  alphanumeric display o f  m a p s ,  zooming o f  
subregions, and output to a wide variety of devices. 



111 -DETERMINATION OF PLASMID COPY NUMBER BY A SANDWICH HYBRIDIZATION 
TECHNIQUE 

K. Nyberg and I. Palva 
Recombinant DNA Laboratory, University of Helsinki, Finland 

A novel method for determination of plasmid copy number has been 
developed. 
which utilizes a known gene on the plasmid for hybridization. 
non-overlapping fragments of this gene are cloned into separate 
vectors. One of the fragments is radiolabeled and used as a probe, 
while the other is bound to a filter. A three-component, "sandwich" 
hybrid is formed between the fragments and the complete gene when this 
is present in the sample. Since the two fragments are non-overlapping, 
no probe can bind to the filter without the mediation of the correct 
nucleic acid. Thus the radioactivity attached to the filter is. 
proportional to the concentration of this nucleic acid in the sample. 

The method is based on a sandwich hybridization technique 
Two 

We utilized this method for determining the copy number of pKTH10, 
a hybrid plasmid containing the a-amylase gene from BaciZZus arnylc- 
liqusfacizns in pUB110. pKTHlO was hybridized between non-overlapping 
fragments of the a-amylase gene and the copy number determined as a 
function of cell dry weight and a-amylase production. The host strain 
was BaciZlus s u b t i Z i s  BRB1. 

Using purified pKTH10 as a standard we were able to show that the 
amount of radioactivity increased in proportion to the amount of plasmid 
in the sample. Very little unspecific binding could be detected when 
no plasmid was present in the sample. No significant difference in 
hybridization efficiency was observed when solubilized cells of the 
plasmid-free host strain were added to the standards. 

Our results show clearly that the copy number is highest in the early 
logarithmic growth phase and decreases rapidly with increased cell 
dry weight and the onset of a-amylase production. 



112 - 
I n c r e a s e d  P r o d u c t i o n  o f  K99 P i l i  u n d e r  C o n t r o l  o f  t h e  E .  

c o l i  T r y p t o p h a n  P r o m o t e r .  

E a r l  R .  S h e l t o n ,  K i c k  F . H .  S a l a z a r .  P r e s t o n  A .  U a e c k e r ,  
‘ J teven  0.  S t o u f e r ,  and H a r d y  W .  Chan, I n s t i t u t e  a f  B i o -  
O r g a n i c  C h e m i s t r y ,  S y n t e x  R e s e a r c h ,  P a l o  A l t o  C A  9 4 3 0 4 .  

D i a r r h e a l  d i s e a s e  o f  newborn  d o m e s t i c  f a r m  a n i m a l s  i s  
c a u s e d  b y  t h e  841 e n t e r o p a t h o g e n i c  s t r a i n  o f  t .  c o l i  w h i c h  
h a r b o r s  a 78 Kb p l a s m i d  c a p a b l e  o f  e x p r e s s i n g  t h e  K99 p i l u s  
a n t i q e n .  The p i l i  a r e  r e q u i r e d  f o r  8 4 1  a d h e s i o n  t o  and 
c o l o n i z a t i o n  o f  t h e  s m a l l  i n t e s t i n e .  We hade i n s e r t e d  t h e  
t .  c o l i  l r y p t o p h a n  ( T r p )  p r o m o t e r  i n t o  a p l a s m i d  c o n t a i n i n q  
t h e  genes r e q u i r e d  t o r  K99 p i l u s  e x p r e s s i o n  and i n d u c e d  t h e  
p r o d u c t i o n  o f  i n c r e a s e d  amoun ts  o f  K99 p i l u s  a n t i g e n  
s u i t a b l e  f o r  v a c c i n e  p r o d u c t i o n .  

A 7.0 K b  Barn h I  f r a g m e n t  was e x c i s e d  f r o m  t h e  18 Kb 
p l a s m i d  p r e s e n t  i n  t h e  f i e l d  s t r a i n  841  anc i n s e r t e d  i n t o  
pBR322 t o  p r o d u c e  a r e c o m b i n a n t  p :asmid ,  pK.39-64. w h i c h  was 
; b l e  t o  p r o d u c e  n o r m a l  l e v e l s  o f  t h e  K99 p i l i ; s  a n t i q z n  i n  
s t r a i n  H B  101.  l n s e r t i o n a l  gene i n a c t i v a t i o n  w i t h  1N5 and 
t h e  a n a l y s i s  o f  p l a s m i d  e n c o d e d  p r o t e i n s  l r s i n q  m i n i c e l l s  
p e r m i t t e d  1 U c d l i z a t i o n  o f  t h e  K99 p i l u s  s u b u n i t  gene. 
I d e n t i f i c a t i o n  was c o n f i r m e d  by  c o m p a r i n g  t h e  a m i n o  a c i d  
s e q u e n c e  d e r i v 2 d  f r o m  t h e  n u c l e o t i d e  sequeylce t o  t h e  known 
a m i  n o - t e r m i  n a l  sequence o f  t h e  p r o t e i n .  T G  a1  1 cw 
o v e r p r o d u c t i o n  o f  K99 p i l i ,  t h e  t .  c o l i  T r P  ope ron  
p r o m o t e r / o p e r a t o r  was i n s e r t e d  u p s t r e a m  f r o m  t h e  K99 p i l u s  
s u b u n i t  gene t o  p r o d u c e  t h e  r e c o m b i  n a n t  p l a s m i d  pBRTrpKY9-3. 

B 

A d d i t i o n  o f  e x c e s s  t r y p t o p h a n  t o  t h e  : d l t u r e  med ia  
c o m p l e t e 1  y r e p r e s s e d  p i  1 us e x p r e s s i o n  when Assayed b y  e i  t t l e -  
a )  s l i d e  a g g l u t i n a t i o n  O F  w h o l e  c e l l s  or  t . l  an t t 1 L A  a 3 5 8 4  
w i t h  m o n o c l o n a l  s n t i b o d y  d i r e c t e d  a g a i n s t  t h e  k1r9 p i  I u s  
a n t i g e n  u s i n g  c e l l  l y s a t e s .  Up t o  1 0 - f o l d  o v e r g r o d u c t i o n  o r  
p i l i ,  compared t o  pK99-64,  was a c h i e v e d  by a d d i t i o n  o f  t h e  
t r y p t o p h a n  a n a l o q u e  i n d o l e a c r y l i c  a c i d  t o  t h e  c u l t u r e  med ia .  
l h e s e  p i l i  were p a r t i a l l y  p u r i f i e d  and shown t o  s u c c e s s f u l l v  
i n d u c e  a n t i - K 9 9  s e r a  upon i n j e c t i o n  i n t o  g u i n e a  p i g s .  



Isolation of a gene that complements an E. coli he- mutation 113 --- 
Anthony Macaluso and Arnold L. Demain 
Massachusetts Institute of Technology 
Cambridge, MA 02139 

The formation of 6 -aminolevulinic acid (ALA) by 6-aminolevulinic 
acid synthetase (ALAS) is the first committed step in the bio- 
synthesis of porphyrins, heme, and vitamin B 
this step has been shown to be rate limiting in the production of 
porphyrins. Furthermore, in a vitamin B producing strain of 
Pseudomonas denitrificans, increased levels of this same enzyme 
are associated with increased production of vitamin B12. 
stand this process at a molecular level, we have cloned an 
Escherichia coli gene that is involved in the synthesis of ALA. 

to introduce fragments of E. -- coli chromosomal DNA into a HemA- 
E. coli strain. HemA- mutants do not make active ALAS and thus do 
not grow unless supplemented with ALA. Two colonies that no longer 
require ALA 

+ XSE4 derived clone bank. The recombinant phage from these HemA 
strains contain identical inserts based on restriction analysis. 

In some bacteria, 12' 

12 

To under- 

The cloning vector XSE4 (S. Elledge and G. Walker) was used 

-- 

for growth were isolated following infection with the 

We have evidence that the gene which complements the hemA 
mutation is under the control of a A promoter, yet still retains 
its own regulatory region. Studies are underway to determine if 
the cloned fragment of DNA encodes the ALAS structural gene or 
a regulator of ALAS. 



14  Mutat ions that s e l e c t i v e l y  improve t h e  c a t a l y t i c  a c t i v i t y  of g l u c o s e  
i sane rase. - 

B. Ratzkin,  C. F i s h e r  and K. Chen. h g e n ,  1900 Oak Terrace Lane, T h o u s a d  
O a k s ,  CA 91320. 

Enzymes such  as g l u c c s e  ismerase are used i n  t h e  manufacture of f d s  because 
t h e s e  b i o c a t a l y s t s  can carry o u t  s p e c i f i c  chemical  n d i f  ications w i t h o u t  t h e  
g e n e r a t i o n  of u n d e s i r a b l e  by-products. Unfor tuna te ly ,  t h e  v a r i e t y  of t h e s e  
e ~ y m e s  a d  their particular properties are limited. 
prqer t ies  were u s u a l l y  discovered by f i n d i n g  new microorganisms which is a 
labot-icus and time-consuming pr-ocess. On t h e  o t h e r  hand, us ing  r e c a n b i n a n t  
DNA t e c h n o l q y ,  w e  have under taken  the t a s k  of g e n e r a t i q  a modif ied enzyme 
a c t i v i t y .  W e  constructed a plasmid pXK23 which h a s  the XylA gene fr-an E. coli 
o n  a 1.6 Kb BglII f ragment  n e x t  to a kanamycin-resis tance element. 
gene encodes f o r  x y l o s e  isanerase a n  enzyme r e q u i r e d  f o r  x y l o s e  
f e r m e n t a t i o n .  We have determined t h a t  t h i s  enzyme w i l l  also i s a n e r i z e  g l u c o s e  
under  t h e  appt-qriate c o n d i t i o n s .  A fragment c a r r y i n g  the 
of  the k a n q c i w r e s i s t a n c e  element  was isolated f r a n  pXK23, mutagenized 
i n  v i t r o  and t h e n  ligated back i n t o  pXK23. A s t r a i n  which is a Xy1A mutant  
a d  sensi t ive to kanamycin is transformed to kanamycin-resistance.  A l l  of 
these transformed cells c o n t a i n e d  t h e  piggy-backed gene. Approximately 
1% of t h e  t r a n s f o r m a n t s  had X y l A  m u t a t i o n s  o n  t h e i r  plasmid-born gene. mong 
t h e s e  mutants  were two which behaved u n u s u a l l y  on i n d i c a t o r  p l a t e s  f o r  x y l o s e  
f e u n e n t a t i o n .  
plasmid. 
h i g h e r  rate t h a n  t h e  w i l d  type enzyme. 
t h e  s t r u c t u r a l  p o r t i o n  of t h e  XylA gene. 
r e s u l t  of d chaqe i n  a s i n g l e  base. 
the  appropiate screens one  can  al ter the behavior  a t  randm of a p a r t i c u l a r  
enzyme. 

New enzymes w i t h  better 

-- 
The X y l A  

gene and part 

-- 

'Ihe a b e r r a n t  b e h a v i o r  of t h e s e  mutants  is dictated by t h e  
The enzyme encoded by t h i s  mutant  g e n e  isomerized g l u c o s e  a t  a 

?he mutations were found to l ie  w i t h i n  
me muta t ion  was fcund to be t h e  

?he r e s u l t  of t h i s  s tudy  shows t h a t  w i t h  

m e n  one  c a n  u s e  these data to predict d e f i n e d  charges i n  a p r o t e i n .  
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TIWXSPORT LESIONS ENHAXCE PROLINE PRODUCTION BY ESCHERICHIA COLI 
R.L. Krogsrud and J.M. Wood, Department of Chemistry and Biochemistry, 
University of Guelph, Guelph, Ontario, Canada N1G 2W1. 

115 

Systematic effects to improve fermentation productivity have been 
designed primarily to amplify biosynthesis and reduce catabolism of 
desired metabolites. Further increases in chemical yield and simplified 
recovery procedures should result if microorganisms can be programmed to 
specifically excrete a valued compound. The movement of molecules across 
the cell wall may be either passive or mediated. Bacteria possess highly 
active solute uptake systems or "porters" that maintain intracellular 
metabolite concentrations 100- to 1000-fold greater than those of the 
extracellular medium. We are examining proline excretion by proline 
overproducing strains of Escherichia coli K 1 2  in order to assess the 
relationship between membrane permeability and proline production. 
Uncontrolled synthesis of proline is not sufficient to cause its 
excretion. 
genetic defect eliminating regulation of proline biosynthesis possess 
induced levels of the proline-specific catabolic enzymes and of uptake 
catalyst, proline porter I. Amino acid limited growth yields bacteria 
w$ich actively accumulate proline via 9 second active uptake system, 
proline porter 11. Proline uptake via proline porter I is powered by 
transmembrane ion gradients; the energy supply for uptake via porter I1 
is under investigation. Genetic lesions that eliminate proline 
catabolism o r  either of the proline porters specifically enhance proline 
excretion by bacteria growing aerobically with D-glucose and ammonium 
sulfate as carbon and nitrogen sources, respectively. Cytoplasmic proline 
concentration and membrane permeability are also influenced by medium 
osmotic strength. The nature of the excretion route and the influence 
of culture conditions on both transport and productivity are currently 
under investigation. 

Bacteria which overproduce proline as a consequence of a 

116 - pruperties of a stable, low copy number, amplifiable expression vector 

G.O. Humphreys, G. Yarranton, M. Robinson and E. Wright. Division of 
Molecular Biology, Celltech Limited, 250 Bath Road, SLOUGH SL1 4DY, 
England. 

We have constructed plasmid expression vectors with two origins 
of replication; that of pSClOl (with the par function) which allows 
maintenance of the plasmids at 3-4 copies per chromosome, and a 
ColEl origin whose natural promoter for RNA11 has been replaced by 
other controllable promoters. 
the plasmid also carries the gene for the thermolabile X repressor 
(hcI857 gene) the plasmid copy number can be thermally induced. 
the dual-origin plasmids are totally stable at 30° at 3-4 copies 
per chromosome, and by shifting the temperature to 37" or above, 
the copy number can be dramatically increased. 
expression of genes cloned into these vectors will be presented. 

- 

- 
When this other promoter is PR and 

Thus 

Studies of protein 
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Transpos i t i on  of IS1 i n t o  a n  Expression Operon f o r  the  A Chain of  Human 
118 

I n s u l i n .  P .  R .  Rosteck,  Jr.::, F .  D .  M i l l e r  and C .  L .  Hershberger ,  E l i  L i l l y  

and Company, I n d i a n a p o l i s ,  Indiana 46285.  

Human i n s u l i n  i s  prepared by combining t h e  A and €3 chains  p u r i f i e d  from 

s e p a r a t e  c u l t u r e s  o f  Escherichia coli K12 con ta in ing  recombinant plasmids 

pIA7A4Al and pIB7A4A1, r e s p e c t i v e l y .  The i n s u l i n  pep t ide  cha ins  a r e  syn- 

t h e s i z e d  a s  p a r t  of f u s i o n  p r o t e i n s  c o n t a i n i n g  po r t ions  o f  t h e  t ryp tophan  

operon l e a d e r  p e p t i d e  and t h e  E p r o t e i n  j o i n e d  t o  t h e  i n s u l i n  chain by a 

methionine r e s i d u e .  

a r t i f i c i a l  operon which i n i t i a t e s  a t  ptrp. ' T r a n s l a t i o n  of  t he  p o l y c i s t r o n i c  

mRNA produces a t e t r a c y c l i n e  r e s i s t a n c e  p r o t e i n  and the  i n s u l i n  fus ion  

p r o t e i n .  The i n s u l i n  plasmids e x i s t  predominant ly  a s  head- to - t a i l  d imers .  

Tryptophan r e p r e s s i o n  r e g u l a t e s  t r a n s c r i p t i o n  of t h e  

A spontaneous d e r i v a t i v e  of pIA7A4Al was i d e n t i f i e d  by e l e c t r o p h o r e t i c  

a n a l y s i s  of whole c e l l  l y s a t e s  of c u l t u r e s  producing t h e  A chain .  

mutant plasmid d i f f e r e d  from t h e  p a r e n t a l  d imer ic  plasmid by t h e  a c q u i s i t i o n  

of a s i n g l e  copy of  i n s e r t i o n  sequence IS1 wi th in  the  i n s u l i n  express ion  

operon. 

e l even  base p a i r  d i r e c t  r e p e a t  of  t h e  t a r g e t  s i t e  a t  each end of t h e  

i n s e r t e d  element .  

sequence i n a c t i v a t e d  expres s ion  o f  t h e  i n s u l i n  fus ion  p r o t e i n  and t e t r a -  

c y c l i n e  r e s i s t a n c e .  

The 

Sequence a n a l y s i s  l o c a t e d  t h e  p o i n t  of i n t e g r a t i o n  and revea led  an 

Transpos i t i ona l  i n s e r t i o n  of t h e  s t r o n g l y  p o l a r  IS1 

f 0 1 8 4 4 2  



119 - Temperature-Sensitive Regulation of Gene Expression From 
Plasmids Bearing the Tryptophan Operon Control Region 

The tryptophan operon in Escherlchla ' * coli contains five 
genes which encode enzymes that participate in the biosynthesis 
of tryptophan from chorismic acid. Expression of the operon is 
subject to negative control by a repressor molecule, encoded by 
the trp R gene, which is not active as a repressor until it has 
complexed with L-tryptophan (the corepressor). An inactivation 
or diminution of either component will result in at least partial 
derepression of the operon. 

Two basic methods for inducing the synthesis of heterologous 
proteins joined to the control region of the tryptophan operon 
have been reported in the literature: (1) the addition of 
tryptophan analogs to the culture medium and (2) the dilution of 
tryptophan in the medium to levels low enough that there will not 
be sufficient quantities to serve as corepressor. Both of these 
approaches to derepression have serious disadvantages. The 
addition of tryptophan analogs can be detrimental to translation 
and to the normal production of tryptophan by the cell. Dilution 
of cultures to effect tryptophan starvation is not harmful to the 
cell, but the magnitude of dilution (10- to 20-fold) required for 
effective derepression results in a very inefficient use of 
fermentation vessels. 

We have chosen to concentrate on regulating the activity of 
the trp R gene product, rather than on regulating tryptophan 
levels, as a method of derepression and have developed a series 
of expression vectors, bearing the tryptophan operon controlling 
region, for introduction into the cell line CUV 107 (Reznikoff 
and Thornton, L Bact, LQp:256) which appears to contain a 
temperature-sensitive trp R gene product. Cells can be grown to 
high density at low temperature in tryptophan-rich medium, thus 
providing ample tryptophan to support normal cell growth and to 
act as corepressor. Upon raising the temperature of the culture 
to 42OC, the tryptophan operon is derepressed. This method 
allows us to grow at least ten times as many cells in a culture 
vessel as the dilution method, thereby significantly increasing 
the yield of product. 

William J. DeLorbe 
David J. Plunkett 
Molecular Genetics, Inc. 
10320 Bren Road East 
Minnetonka, MN 55343 
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120 - Cloning and Expression cf I G F I  and I G F I I  i n  E .  c o l i  
Janet K .  Epp arid J o  Ann Hoskins 

L i l l y  Research Labora t3r ies ,  E l i  L i l l y  and Company 
307 East  McCarty S t r e e t ,  I n o i a n a p o l i s ,  IN 46205 

- -  

The i n s u l i n - l i k e  g rowth  f a c t o r s  ( I G F ' s )  o r  somatmedins are  
po lypept ide  hormones which are  produced i n  t he  l i v e r  and c i r c u l a t e  i n  t h e  
serum, where t h e i r  l e v e l s  are r e g u l a t e d  by p i t u i t a r y  growth hormone. The 
amino ac id sequences o f  I G F I  and I G F I I  a r e  s i m i l a r  and share ex tens ive  
reg ions  of homology w i t h  i n s u l i n .  The DNA sequences encoding I G F I  and 11 
were synthesized c h e m i c a l l y  (R. Belagaje,  IGFI; H. Hsiung, I G F I I ;  
unpublished) and were fused t o  p a r t s  o f  t he  t r p E  coding reg ion  t o  c r e a t e  
f u s i o n  p r o t e i n s  12 kd ,  18 kd, and 29 kd i n  s i ze .  The h y b r i d  genes were 
c loned i n t o  d e r i v a t i v e s  of pBR322 and pIMIA, a thermoinducib le  
runaway- rep l i ca t ion  p lasmid,  behind t h e  - t r p  promoter and ribosome b i n d i n g  
s i t e .  
dosage on t h e  l e v e l  o f  IGF expression. We observed the  h ighes t  l e v e l  o f  
expression, about 30 percent  o f  t o t a l  c e l l  p r o t e i n  w i t h  the  12 kd  f u s i o n  
p r o t e i n  c loned i n t o  t h e  runaway- rep l i ca t ion  plasmid. When expressed a t  a 
h i g h  l e v e l ,  the  12 kd  p r o t e i n s  aggregate and accumulate i n  a g ranu le  and 
can be i s o l a t e d  t o  g r e a t c r  than 80 pe rcen t  ' p u r i t y  by d i f f e r e n t i a l  
c e n t r i f  ug a t  i on, 

Thus, we were ab le  t o  compare the  e f f e c t s  o f  gene s i z e  and gene 

- ____. . 

121  Role o f  mRNA T r a n s l a t i o n a l  E f f i c i e n c y  i n  Bovine Growth Hormone Expression 
i n  Escher ich ia  c o l i .  BRIGITTE E. SCHONER, HANSEN M. HSIUNG, 
RAMA M. BELAGAJ-NCY G. MAYNE and RONALD G. SCHONER, L i l l y  Research 
Laborator ies,  E l i  L i l l y  and Company, I nd ianapo l i s ,  Ind iana 46285. 

- 

The cond i t i ons  necessary f o r  h igh - leve l  express ion o f  meth iony l  
bovine growth hormone (met-bGH) i n  Escher i ch ia  c o l i  were i nves t i ga ted .  
Plasmids were cons t ruc ted  t h a t  con ta in  a thermoinducib le  runaway 
rep l i con ,  and e i t h e r  the E. - c o l i  t ryp tophan o r  l i p o p r o t e i n  promoter and 
ribosome b ind ing  s i t e s  which served as t r a n s c r i p t i o n a l  and t r a n s l a t i o n a l  
i n i t i a t i o n  s i t e s  f o r  t h e  express ion o f  t h e  bGH gene. The express ion of 
met-bGH was very  low w i t h  e i t h e r  system. However, express ion l e v e l s  o f  
up t o  30 percent  o f  t o t a l  c e l l  p r o t e i n  were ob ta ined f o l l o w i n g  t h e  
i n t r o d u c t i o n  of a d d i t i o n a l  codons 3 '  t o  t h e  i n t i a t i n g  AUG codon, thus 
a l t e r i n g  t h e  N-terminal amino ac id  sequence o f  bGH. To o b t a i n  h igh- leve l  
express ion o f  met-bGH a two-c is t ron  system was cons t ruc ted  i n  which t h e  
codons t h a t  enhanced t h e  express ion o f  bGH were incorpora ted  i n t o  t h e  
f i r s t  c i s t r o n ,  and t h e  coding r e g i o n  f o r  met-bGH was incorporated i n t o  
t h e  second c i s t r o n .  
achiev ing h igh- leve l  express ion o f  a gene t h a t  con ta ins  N-terminal 
sequences t h a t  do no t  a l l ow  f o r  i t s  e f f i c i e n t  expression. Analyses of 
t h e  s t a b i l i t i e s  o f  t h e  bGH d e r i v a t i v e s  and t h e i r  t r a n s c r i p t s  i n  - v i v o  
suggested t h a t  t h e  v a r i a t i o n s  i n  t h e  l e v e l  o f  express ion wereaue t o  
v a r i a t i o n s  i n  t h e  e f f i c i e n c y  o f  mRNA t r a n s l a t i o n .  

Th is  approach may be g e n e r a l l y  app l i cab le  t o  



SELECTION AND CHARACTERIZATION OF LNCOMF'ATIBILITY MUTANTS 
OF ColEl RNAI. 

*Dooley, Thomas P. and Barry Polisky. Dept. of Biology, 
Indiana University, Bloomington, Indiana 47405. 

The small multicopy bacterial plasmid C o l E l  has been 

extensively studied as a model system for the control of DNA 

replication and plasmid incompatibility. RNAI has been shown 

previously to be the major control element of ColEl replication, 

and i s  solely responsible for plasmid incompatibility. Recently 

we have used a rapid selection to generate mutants of ColEl RNAI,  

which have impaired function. Plasmids were constructed previously 

which have a trp promoter-ColEl RNAI gene fusion, Apr, and an 

ACYC ori,(replication origin). 
functional RNAI,  which acts -- in trans to inhibit replication of tile 
Cmr plasmid TF345, containing a ColEl incompatible ori. Therefore 

cells which contain both plasmids will rapidly lose TF345 when grown 

in the presence of ampicillin. Mutagenesis of TF42lA by nitroso- 
guanidine or mutD5, followed by transformation into cells contain- 

ing TF345, and selection fo r  AprCmr colonies has allowed us to sel- 

ect mutants of TF421A. These incompatibility mutants have been 

analyzed by DNA and RNA sequencing, -- in vitro transcriptions, segre- 

gation analysis, and other methods. 

various classes; promoter down mutants, transcription termination 

mutants, RNAI loop mutants, and various novel mutants in the 5' end 

of the RNAI molecule. This system allows us to determine the 

critical structural and functional domains of ColEl RNAI. 

These constructs such as TF421A make 

These point mutants are of 



123 Examination of Calf Prochyrrrosin Accumulation in Escher ich ia  - coli: 
D i s u l f i d e  Linkages are a S t r u c t u r a l  C-nent of 

P r x h y w s i n - c m t a i n i n g  I n c l u s i o n  Bodies. 

J . M .  Sch0em.ke.x and F.A.O. Marston. 
C e l l t e c h  LtA., Slough, U.K. 

1 

Abstract 

m n t  reports have sham that s y n t h e s i s  of certain recanbinant  proteins in 

Escherichia - ooli r e s u l t s  

These s t u d i e s  have mt analyzed the s t r u c t u r e  of the i n c l u s i m  e s p e c i a l l y  

the product ion  of  i n t r a c e l l u l a r  i nc lus ion  budies .  

regard ing  the i n t e m l e c u l a r  f o r c e s  ho ld ing  it together. This report has 

examired s t r u c t u r a l  aspects of i n c l u s i o n  bodies  made in Escherichia - coli as a 

r e s u l t  of high level e x p r e s s i o n  of the eukaryotic p r o t e i n ,  c a l f  prochynwsin. 

Prochymosin is a mmuneric p r o t e i n  contain- three d i s u l f i d e  bridges. It was 

expressed  a t  up to twenty pe rcen t  of cell p r o t e i n  f r a n  a plasmid m t a i n i n g  

the Escherichia - coli trpto#mn pmmter, ope ra to r ,  and riksme bindinq  site. 

P ro te ins  in the i n c l u s i o n  bodies were amlyzd by Western b l o t t i n g  of salium 

d d e c y l  s u l f a t e / p l y a c r y l a m i d e  g e l s .  When experiments were ?one using 

conditions which preserved the -- in vivo s t a t e  o f  t h i o l  groups, i n c l u s i o n s  were 

s h m  to be ccmposed of mltimers of prcchymsin molecules which were 

i n t e r l i n k e d  to a large e x t e n t  by d i s u l f i d e  bonds. The i n c l u s i o n  bodies  also 

conta ined  a him axlcentratim of reduced prcchymsin mcmmer which may be 

p r i m a r i l y  bourd to  the s u r f a c e  of the body, i n  oontact w i t h  the reducing 

environment of the cytoplasm. The presence of intermolecular d i s u l f i d e s  

p m b b l y  cantributes to the d i f f i c u l t y  of s o l u b i l i z i n q  r e c a r b i n a n t  prochyrmsin 

dur ing  its p r i f i c a t i m  f r u n  Escherichia - coli. 

P r e s e n t  address: b e p a r t m e n t  of B i o c h d s t r y  and 
Molecular Biology 

The Unive r s i ty  of Chicago 
Chicago, I l l h i s  60637 
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124 Cloning and expression of alpha-galactosidase f o r  use in beet sugar industry - 

Dr. Ralf Mattes, Boehringer Mannheim GrnbH, Forschungszentrurn Tutzing, 
Bahnhofstr. 9-15, 8132 Tutzing, FR Germany 

The enzyme alpha-galactosidase is an important tool for removing raffinose 
contaminations in beet sugar molasses and thereby improving yield and purity 
of crystallized sucrose. The enzyme splits raffinose into galactose and su- 
crose. 

Previous enzyme preparations from various fungi revealed one or more of the 
following process disadvantages: 

Presence of invertase, unfavourable pH optimum, entrapment of enzyme in 
mycelial pellets, low specific activity, need for inducer during fermenta- 
tion, etc. 

Using alpha-galactosidase from raffinose-utilizing bacteria, a more favoura- 
ble pH is possible. The genetic analysis of raffinose genes of E.coli 
revealed that these bacteria also produce invertase and a specific transport 
protein. The organisation of these raf-genes within a raf-operon under 
negative regulation was verified by transposon mutagenesis and cloning of 
the raf-operon, which allowed the construction of a pHysical map. Subcloning 
lead to the selective expression of alpha-galactosidase essentially free of 
invertase. 

The application of enzyme preparations in beet sugar molasses was successful1 
in large scale. 



CLONING OF A GENE FOR ARYLETHERASE - AN ENZYME 

INVOLVED I N  L I G N I N  DEGRADATION 
125 - 

K .  NARVA, J.  CARY, Y .  CHONG, AND V . R .  SRINIVASAN 

Department of  Microbiology, Louisiana S t a t e  Univers i ty  

Baton Rouge, Louis iana  70803 

Lignin comprises about  one-fourth of t h e  wood t i s s u e  of p l a n t s  and is  

one of t h e  most abundant r e a d i l y  a v a i l a b l e  renewable organic  resources .  I t  

i s  a t h r e e  dimensional branched polymer b iosynthes ized  e s s e n t i a l l y  from 

nine-carbon u n i t s  p o s s e s s i n g  phenylpropane ske le tons .  The macromolecule 

is  formed by c o v a l e n t  l i n k i n g  of t h e  monomers mainly through t h r e e  d i f f e r e n t  

bon& namely a r y l - a l k y l  e t n e r ,  a r y l - a r y l  ,ether and diphenyl ,  of which a r y l -  

a l k y l  ether bonds a r e  t h e  m o s t  abundant. S t u d i e s  were designed t o  i s o l a t e  

an organism having t h e  p o t e n t i a l  t o  c l e a v e  a r y l - a l k y l  e t h e r  bonds. A s o i l  

organism was enr iched  on l i g n i n  from K r a f t  Black Liquor a s  t h e  s o l e  carbon 

source  and t e n t a t i v e l y  i d e n t i f i e d  a s  Erwinia spp. The gene encoding an 

a r y l e t h e r a s e  from t h i s  organism was cloned i n t o  t h e  Bam H I  s i te  of E .  - -  c o l i  

plasmid pBR322. - -  E. c o l i  t r a n s f o r m a n t s  (amp te t  ) with  t h i s  plasmid w e r e  

s e l e c t e d  on Y9 sa l t s  and a m p i c i l l i n  minimal media with s a l i c i n  a s  t h e  s o l e  

carbon source  (on t h e  assumption t h a t  hemiacetal  l i n k a g e  may be analogous 

t o  a psuedo-ether l i n k a g e ) .  The c lone  h a s  been shown t o  degrade a number 

of compounds c o n t a i n i n g  a r y l e t h e r  bonds i n c l u s i v e o f  K r a f t  l i g n i n .  

recombinant plasmid (pNC1) c o n t a i n s  an i n s e r t  of approximately 810 bp of 

Erwinia a s  shown by n u c l e i c  a c i d  h y b r i d i z a t i o n .  P a r t i a l  r e s t r i c t i o n  

endonuclease mapping of t h e  i n s e r t  h a s  been c a r r i e d  o u t .  The gene product 

is  apparent iy  secreted from E.  c o l i  transformed wi th  pNCl s i n c e  most 

d e t e c t a b l e  enzyme a c t i v i t y  is found i n  t h e  c u l t u r e  superna tan t .  

R S  

The 
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1 2 6  Aldose Reductase(s)  i n  t h e  Yeast Pachysolen tannophi lus :  

1 P u r i f i c a t i o n  and C h a r a c t e r i z a t i o n  

P. L. Bolen, J .  A. B i e t z ,  and R. W .  Detroy 

Northern Regional Research Center ,  A g r i c u l t u r a l  Research S e r v i c e ,  

U.S. Department  of A g r i c u l t u r e ,  Peor ia ,  I l l i n o i s  61604 

Although many y e a s t s  assimilate xylose ,  few are a b l e  t o  e f f i c i e n t l y  ferment 

xy lose  t o  e thanol .  

tannophi lus .  

t annophi lus  t o  convert  - D-xylose t o  x y l i t o l  i n  a r e a c t i o n  ca ta lyzed  by an NADPH- 

r e q u i r i n g  - D-xylose r e d u c t a s e  (a ldose  r e d u c t a s e  E.C. 1 . 1 . 1 . 2 1 ) .  

e x t r a c t s  were shown t o  o x i d i z e  x y l i t o l  t o  E-xylulose in  an NAD-linked r e a c t i o n  

ca ta lyzed  by t h e  enzyme x y l i t o l  dehydrogenase (a-xylulose r e d u c t a s e  E.C.  1 . 1 . 1 . 9 ) .  

One of t h e  earliest  i d e n t i f i e d  w i t h  t h i s  c a p a c i t y  was Pachysolen 

Smiley and Bolen (1983) have shorn c e l l  e x t r a c t s  of D-xylose-grom E. - - 
- 

The same c e l l  - 

- 

Recently,  w e  r e p o r t e d  that  growth of - P. t a n n o p h i l u s  on either _L-arabinose - o r  

- D-galactose, l i k e  growth on E-xylose, - l e a d s  t o  t h e  induct ion  of bo th  NADPH-linked 

- D-xylose reductase  and NAD-linked x y l i t o l  dehydrogenase a c t i v i t i e s  (Bolen e t  a l . ,  

1984, Biochem. Bioeng., in p r e s s ) .  Furthermore, L-arabinose and - D-galactose were 

found t o  serve  as  s u b s t r a t e s  f o r  NADPH-linked r e a c t i o n s  in  e x t r a c t s  of ce l l s  grown 

on e i t h e r  D-xylose, L-arabinose,  or D-galactose. The products  of t h e s e  NADPH-linked 

L-arabinose and NADPH-linked D-galactose r e a c t i o n s  were shorn t o  be & - a r a b i t o l  - and 

g a l a c t i t o l ,  r e s p e c t i v e l y .  However, u n l i k e  x y l i t o l ,  n e i t h e r  _L-arabitol  - nor  

g a l a c t  i t 0 1  would serve as s u b s t r a t e s  f o r  NAD-linked react ions .  

divergence of t h e  metabol ic  pathways of _D-xylose, - &-arabinose,  and g - g a l a c t o s e  - must 

occur fol lowing formation of t h e  a l c o h o l ,  but t h e  ques t ion  of whether t h e  NADPH- 

l inked  r e a c t i o n s  were c a r r i e d  out  by one o r  more enzymes remained unresolved.  

- 

- 

- - - 

r: - t - 

- - - - 

We concluded t h a t  

To be presented a t  the American Socie ty  f o r  Microbiology Conference on Genetics 
and Molecular Biology of I n d u s t r i a l  Microorganisms, Bloomington, Ind iana ,  
September 30-October 3 ,  1984. 



1 2 6  con't 

T o  examine t h i s  ques t ion ,  we have undertaken p u r i f i c a t i o n  of t h e  NADPH- 

l inked  !-xylose r educ ta se  from E. t annoph i lus .  

- P. t annoph i lus  c e l l  e x t r a c t s  by a f f i n i t y  chromatography and h igh  performance 

l i q u i d  chromatography (HPLC) over  a n  an ion  exchange column r e s u l t s  in t h e  i s o l a t i o n  

of a s i n g l e  p ro te in  band, judged by SDS polyacrylamide g e l  e l e c t r o p h o r e s i s  and 

reverse phase WLC, t h a t  retains a b i l i t y  t o  reduce - E-xylose, - - L-arabinose o r  Q- 

Frac t iona t ion  of E-xylose-grown - - 

g a l a c t o s e  when suppl ied  e i ther  NADPH o r  NADH. An an t ibody  p repa ra t ion  a g a i n s t  

t h i s  37,000 kd f r a c t i o n  y i e lded  a s i n g l e  band in  western b l o t s  that c o r r e l a t e d  

w i t h  induct ion  of a c t i v i t y  in ex t rac ts  of c e l l s  grown under a v a r i e t y  of cond i t ions .  

P a r t i a l  amino a c i d  sequence d a t a  (64 r e s i d u e s )  from the N-terminus f a i l e d  t o  

r e v e a l  evidence of h e t e r o g e n e i t y  of sequence. Thus, we conclude t h i s  p r o t e i n  band 

t o  e i t h e r  be a s i n g l e  enzyme, an a l d o s e  r educ ta se  (E .C .  1 .1 .1 .21) ,  o r  ve ry  similar 

isozymic forms of an enzyme of t h i s  type .  

s p e c i f i c  a c t i v i t y  w a s  g r e a t e s t  w i t h  &-arabinose and poores t  w i t h  - 2-galactose.  

With e i t h e r  NADPH o r  NADH as  c o f a c t o r ,  



1 2 7  - Product ion of Act ive  Xylose Reductase in  Pachysolen t annoph i lus  
1 

is  Temperature S e n s i t i v e  

N .  J. Alexander 

Northern Regional  Research Center, A g r i c u l t u r a l  Research Se rv ice  , 

U.S. Department of A g r i c u l t u r e ,  Peor ia ,  Illinois 61604 

NADPH-linked xy lose  r e d u c t a s e  and NAD-linked x y l i t o l  dehydrogenase are 

induc ib le  enzymes i n  Pachysolen t annoph i lus  when the c e l l s  are grown on xylose  

a t  30" C. However, when grown on x y l o s e  at  37" C. ,  there i s  l i t t l e  d e t e c t a b l e  

xylose r educ ta se  a c t i v i t y  p re sen t  in the ce l l  e x t r a c t .  No p r o t e i n  of t h e  

molecular weight of xy lose  r e d u c t a s e  can be found in t h e  c e l l  extract ,  as 
i P 

de tec t ed  by coomassie b l u e  s t a i n i n g  of polyacrylamide g e l s .  However, in an 

-- in v i t r o  a s s a y  system, smal l  amounts of an in te rmediary  product ,  x y l i t o l ,  

are formed by 37" C. xylose-grown ce l l s ,  suggest ing t h a t  mall q u a n t i t i e s  of 

NADPH-dependent r e d u c t a s e  are  p resen t  and f u n c t i o n a l .  It i s  apparent  that 

induct ion of a s i g n i f i c a n t  q u a n t i t y  of an active form of t h i s  enzyme i s  tempera- 

t u r e  s e n s i t i v e .  

one-half that a t  30" C. and ethanol product ion is about t h e  same a t  bo th  

The growth r a t e  of - P. t annophi lus  on xy lose  a t  37" C.  is about 

temperatures .  These r e s u l t s  sugges t  that either another  pathway ex is t s  in E. 

t annophi lus  f o r  u t i l i z a t i o n  of x y l o s e  o r  that small q u a n t i t i e s  of xy lose  r educ ta se  

are s u f f i c i e n t  f o r  growth and f e rmen ta t ion  processes .  

To be presented  at t h e  American Soc ie ty  f o r  Microbiology Conference on Genet ics  
1 

and Molecular Biology of I n d u s t r i a l  Microorganisms, Bloomington, Ind iana ,  

September 30-October 3, 1984. 
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128 - COMPARISON OF "KILLER" PHENOTYPE IN 
Saccharomvce3 cereui3ioe AND 

Xluyuemmyce~  lacti3 Y E A S T S  

C.J. Panchal, C. bleacher, G.G. Stewart 

Produc t ion  Research Department 

L a b a t t  Brewing Company L im i ted  

London, Ontar io ,  Canada 

The sec re t i on  o f  k i l l e r  t o x i n s  by  some s t r a i n s  o f  yeasts i s  a phenomenon o f  

s i g n i f i c a n t  i n d u s t r i a l  impor tance.  I n  a d d i t i o n  t o  p resent ing  a model of 

p r o t e i n  sec re t i on  ( t h e  k i l l e r  t o x i n s  be ing t r u e  e x t r a c e l l u l a r  p r o t e i n s ) ,  t he  

k i l l e r  yeasts a re  of g r e a t  use i n  fe rmenta t ions  suscep t ib le  t o  contaminat ion 

b y  unwanted yeast s t r a i n s .  

Sacchwomycej cereui3ine (RNA p lasmid coded t o x i n )  and Xt'uLyueromycej Cacti3 

(DNA plasmid coded t o x i n )  a g a i n s t  s e n s i t i v e  c e l l s  on agar p l a t e s  con ta in ing  

d i f f e r e n t  sugars a t  two d i f f e r e n t  pH values w e r e  i n v e s t i g a t e d .  

e f f e c t  o f  t h e  Saccharomyces k i l l e r  s t r a i n  was q u i t e  ev ident  when assays 

w e r e  performed on methylene b l u e  agar  p l a t e s  con ta in ing  e i t h e r  glucose, 

f ruc tose ,  ga lactose,  mal tose o r  g l y c e r o l  a t  pH 4 . 5 .  While t h e r e  was some 

k i l l e r  a c t i v i t y  a t  pH 6.5 w i t h  t h e  sugars glucose and f ruc tose ,  no a c t i v i t y  

cou ld  be detected w i t h  e i t h e r  ga lactose,  maltose o r  g l y c e r o l .  The 

XCuvveromyces k i l l e r  a c t i v i t y ,  on t h e  o the r  hand, was very  low a t  pH 4 . 5  

The a c t i v i t i e s  o f  t w o  k i l l e r  yeast  spec ies,  

The toxic 

w i t h  the sugars glucose, f r u c t o s e  o r  ga lactose.  Enhanced a c t i v i t y  could be 

found a t  pH 6.5  w i t h  ga lac tose ,  maltose o r  g l y c e r o l .  

were found t o  be poor  subs t ra tes  f o r  de tec t i ng  k i l l e r  a c t i v i t y  a t  pH 6 .5 .  

S u r p r i s i n g l y  however, w i t h  ma l tose  as  the  carbon source, Xtuyuerornycej 

k i l l e r  a c t i v i t y  could be de tec ted  a t  bo th  pH 4 . 5  and 6 . 5 .  

Glucose and f ruc tose  

1 5 1 8 1 1 5 2  



128 - COMPARISON OF ' K I L L E R "  PHENOTYPE I N  
Saccharornycej cereukiae AND 

Xtuyueromyc es Cac t ij Y E  AS T S 

C.J. Panchal, C. Heacher, G.G. Stewart 
Product i on Res ea rc h Depa r tme n t 
Labatt Brewing Company Limited 

London, Ontario, Canada 

The secretion of  killer toxins by some strains o f  yeasts is a phenomenon of 

significant industrial importance. In addition to presenting a model of  

protein secretion (the killer toxins being true extracellular proteins), the 

killer yeasts are of great use in fermentations susceptible to contamination 

by unwanted yeast strains. 

Sacchuromyce5 cersui5iae ( R N A  plasnid coded toxin) and XPuyueromyce5 Cacti3 

( D N A  plasmid coded toxin) against sensitive cells on agar plates containing 

different sugars at two different pH values were investigated. 

effect of the Sacc)raromyce5 killer strain was qilite evident when assays 

were performed on methylene blue agar plates containing either glucose, 

fructose, galactose, maltose or glycerol at pH 4.5. 

killer activity at pH 6.5 with the sugars glucose and fructose, no activity 

could be detected with either galactose, maltose o r  glycerol. The 

Xluyuerornyces killer activity, on the other hand, was very low at pH 4.5 

with the sugars glucose, fructose o r  galactose. Enhanced activity could be 

found at pH 6.5 with galactose, maltose or glycerol. 

were found to be poor substrates f o r  detecting killer activity at pH 6.5. 

Surprisingly however, with maltose as the carbon source, XluywerornyceJ 

killer activity could be detected at both pH 4.5 and 6.5. 

The activities of t w o  killer yeast species, 

The t o x i c  

While there was some 

Glucose and fructose 



128 cont.  - 

- 2 -  

The supernatant ( con ta in ing  k i  1 l e r  t o x i n )  from Muyueromyces Cacti6 bro th  

was found t o  have a c t i v i t y  a t  temperatures up t o  5 5 O C .  a f t e r  which a c t i v i t y  

was r a p i d l y  l o s t .  

s e n s i t i v e  yeast s t r a i n s  (m-) as compared t o  a normal o - fac to r  s e n s i t i v e  

s t r a i n  (m). The l e t h a l i t y  o f  the  Xluyueromyces t o x i n  aga ins t  u type 

S a c c h m y c e a  s t r a i n s  as w e l l  as some a type c e l l s  ( i n c l u d i n g  'killer' 

c e l l s )  suggests t h a t  t h e  Xtuyuemmyceb t o x i n  has some e f f e c t s  s i m i l a r  t o  

Sacchammyce3 a - f a c t o r  and o ther  e f f e c t s  more l e t h a l  than those o f  

o-f a c t o r .  

It was a l s o  found t o  be more l e t h a l  t o  t h e  a - f a c t o r  super 

1 0 1 8 4 5 3  



129 Expression in yeast of tissue-type plasmlnogec ;i:t',vator - 
under the control of the promoter f o r  represslble a c i d  

phosphatase (PH05) 

J. Heim, F. Barth, M. Gruetter, H . J .  Treichler, B. Meyhack, 
A. Hinnen: Department of Biotechnology Ciba-Geigy AG, 
C H - 4 0 0 2  Basel, Switzerland 

The gene for tissue-type plasminogen activator (TPA) from Hela 
cells has been expressed in yeast ( S .  cerevisiae) under the 
control of the PH05 promoter. The DNA construction includes tne 
PH05 promoter, the complete signal sequence of the repressible 
acid phosphatase joined in frame to the mature coding sequence 
for human TPA and a DNA fragment containing the PH05 tran- 
scription termination signals (A). Alternatively, the signal 
sequence was rec!::ved and the mature TPA coding sequence was 

a .directly jilin.c:.d to t3ae - P H 0 5  prdmoter region using a synthetic 
olig'.:r.,acier,,tide l i n k e r -  t a ) .  Synthesis of TPA is in both cases 
indt.iceci by l o w  concentrations of Pi in the medium. 

Construction ( B )  codes for a protein which is immunologically 
present, functionally however almost inactive. ( . 4 )  results in 
enzymatically active TPA which can be purified from cell extracts 
by affinity chromatography after dissociation of the internal 
membranes. The eluted TPA is mostly in the one chain form with 
an apparent molecular weight of 6 7  000. Purified recombinant 
TPA from yeast has a similar specific activity, it binds to 
fibrin and is stimulated by fibrin as genuine TPA from 
melanoma cells. 

130 - S t i m u l i  t h a t  induce a y e a s t  h e a t  shock gene fused t o  b e t a - g a l a c t o s i d a s e .  
C .  BRAZZELL and T .  INGOLIA,  L i l l y  Research Labora to r i e s ,  E l i  L i l l y  and 
Company, I n d i a n a p o l i s ,  Ind iana  46285. 

Yeast c o n t a i n s  a mul t igene  fami ly  r e l a t e d  t o  t h e  Drosophi la  h e a t  shock 
gene hsp70. Two members of  t h i s  f ami ly ,  Y G l O O  and Y G l O 1 ,  have been 
p rev ious ly  c h a r a c t e r i z e d  and on ly  YGlOO was found t o  have e l eva ted  l e v e l s  
of t r a n s c r i p t i o n  a f t e r  h e a t  shock. 
Y G l O O  and Y G l O l  were t r u n c a t e d  and fused t o  t h e  E .  c o l i  lacZ gene 
conta ined  on pMC1587. The r e s u l t i n g  plasmids d i r e c t e d  s y n t h e s i s  o f  t h e  
b e t a - g a l a c t o s i d a s e  gene a s  measured by i n  v i t r o  enzyme as says  and by 
c o l o r i m e t r i c  a s says  on p l a t e s .  The express ion  l e v e l  from t h e  Y G l O l  gene 
was c o n s t a n t  under a l l  t h e  c o n d i t i o n s  t e s t e d ,  whereas expres s ion  d r iven  by 
t h e  Y G l O O  gene could be  induced over  f i f t y  f o l d .  
h e a t ,  i nc lud ing  recovery  from anoxia  and high c e l l  d e n s i t y ,  were found t o  
s t r o n g l y  induce Y G l O O  gene expres s ion .  Most phys i ca l  and chemical s t i m u l i  
t e s t e d ,  i nc lud ing  W i r r a d i a t i o n ,  zymolyase t rea tment ,  and e t h a n o l ,  d id  not  
s t i m u l a t e  expres s ion  of t h i s  h e a t  shock gene. 

The y e a s t  hsp70 genes conta ined  on 

Other s t i m u l i  bes ides  



131 E x p r e s s i o n  of H e t e r o l o g o u s  Genes i n  Saccharomyces c e r e v i s i a e  from 
Vectors U t i l i z i n g  t h e  Glyceraldehyde-3-Phosphate Dehydrogenase 
G e n e .  P romote r .  

- 

Kevin M. Egan and  G r a n t  A .  B i t t e r ,  Amgen, Thousand O a k s ,  CA 
91320. 

The promoter r e g i o n  f rom t h e  y e a s t  glyceraldehyde-3-phosphate 
d e h y d r o g e n a s e  ( G P D )  g e n e  h a s  been  c h a r a c t e r i z e d .  A 652 bp  T a q I  
r e s t r i c t i o n  f r a g m e n t  which i n c l u d e s  t h e  t r a n s c r i p t i o n  s t a r t  s i t e  
a n d  15 bp of u n t r a n s l a t e d  leader c o d i n g  r e g i o n  was c l o n e d  i n t o  
M13mp9 f rom which i t  may be e x c i s e d  a s  a HindIII-BamHI p o r t a b l e  
promoter. The e n t i r e  DNA s e q u e n c e  of t h e  GPD promoter h a s  been  
d e t e r m i n e d .  G e n e r a l i z e d  e x p r e s s i o n  v e c t o r s  ernploying t h e  GPD 
por tab le  p r o m o t e r  h a v e  b e e n  c o n s t r u c t e d  which i n c o r p o r a t e  t h e  
e n t i r e  y e a s t  2~ plasmid c l o n e d  a t  t h e  E c o R I  s i t e  i n  t h e  large 
u n i q u e  r e g i o n .  I n  s u c h  c o n s t r u c t i o n s ,  t h e  R E P 1  a n d  REP2 g e n e s ,  
a s  w e l l  as t h e  REP3 l o c u s ,  r ema in  i n t a c t  and t h e  p l a s m i d s  t h u s  
a m p l i f y  to  h i g h  copy numbers and  a re  s t a b l y  m a i n t a i n e d  i n  c i r o  
y e a s t  hosts. A number o f  h e t e r o l o g o u s  p r o t e i n s  have  been 
p r o d u c e d  u t i l i z i n g  these e x p r e s s i o n  v e c t o r s  i n c l u d i n g  h e p a t i t i s  B 
s u r f a c e  a n t i g e n ,  c o n s e n s u s  a - i n t e r f e r o n  and y - i n t e r f e r o n .  The 5 '  
e n d  o f  t h e  HBsAg g e n e  w a s  replaced w i t h  a c h e m i c a l l y  s y n t h e s i z e d  
segmen t  which restored t h e  n a t i v e  GPD u n t r a n s l a t e d  leader and 
u t i l i z e d  o p t i m a l  y e a s t  c o d o n s  f o r  t h e  f i r s t  32 amino a c i d s .  T h i s  
m o d i f i c a t i o n  y i e l d e d  a 10-15 f o l d  i n c r e a s e d  e x p r e s s i o n  r e s u l t i n g  
i n  HBsAg s y n t h e s i s  as 1-2% o f  t o t a l  c e l l  p r o t e i n .  A c o m p l e t e l y  
s y n t h e t i c  IFN-y g e n e  u t i l i z i n g  optimal y e a s t  codons ( c o d o n  b i a s  
i n d e x  = 0.99) is e x p r e s s e d  f rom these v e c t o r s  as 5 1 0 %  of t h e  
t o t a l  c e l l  p r o t e i n .  



- 132 Multiple cytochrome P-450 proteins f rom Saccharomyces cerevisiae and Candida Tropicalis: 

immunological comparisons. C. CHEN, C.R. DEY AND J.C. LOPER, Department of 

Microbiology and Molecular Genetics, University of Cincinnati College of Medicine, 

Cincinnati, OH. 

Mammalian cytochrome P-450 monooxygenase systems have been charocterized 

extensively for their  essential roles in sterol synthesis and in t h e  biotransformation of 

xenobiotic compounds. Similar functions have been documented for P-450 systems in yeasts, 

particularly demethylation of lanosterol as a s tep  in ergosterol biosynthesis, studied in 

Saccharomyces cerevisiae;  and n-alkane hydroxylation, a substrate-inducible reaction in 

yeasts tha t  grow on such hydrocarbons for carbon and energy. As part of a genetic analysis 

of yeast cytochromes P-450, w e  have isolated protein components and developed polyclonal 

antibodies in rabbits. - S. cerevisiae strains and Candida tropicalis ATCC 750 were grown by 

fermentation in high levels of glucose and t h e  la t ter  organism was also cultured on 

tetradecane. NADPH-cytochrome P-450 reductase preparations purif id from strain 750 

grown under both conditions showed t h e  same apparent m.w. and were inhibited by antibody 

p r o d x e d  against one of them, thus these  recbctases a r e  from a single gene or closely 

related genes. Reductase from cerevisiae was not inhibited by tha t  antibody and did not 

cross react with it in Western immunoblots. Antibody produced against t he  major 

cytochrome P-450 of one - S. cerevisiae strain identified different molecular weight variants 

of P-450 from two  other  - S. cerevisiae s t ra ins  and cross reacted weakly with P-450 from 

glucose grown 750 cells. None of these  P-450 proteins reacted with antibody to  cytochrome 

P-450 purified from tetradecane grown 750 cells. These antibodies will be useful for 

isolation and character izat ion of genes for yeast cytochrome P-450 systems. Supported by a 

grant from USEPA. 



CONSTRUCTION OF PLASMIDS CONTAINING C. ACREMONIUM RIBOSOMAL DNA, 
E'. L. Skatrud, L. Carr, and S .  W. Queener, Eli Lilly and Company, 
Indianapolis, IN 46285 

- -  133 - 

A recently developed transformation system for C. acremonium produces 
transformants at a low frequency by integration-(See Abstract #30, this 
meeting, "Recombinant DNA Studies in Cephalosporium", S. W. Queener et. 
- a1 . ) .  A higher frequency of transformation would be advantageous infurther 
optimization of transformation conditions and isolation of important genetic 
elements from the genome of C. acremonium. Szostak and Wu (Plasmid 2:536-554, 
1979) demonstrated a marked increase in transformation frequency of yeast 
when fragments of yeast ribosomal DNA (rDNA) were included in the transforming 
plasmid. 

The plasmid pYlrA12, which contains the entire rDNA repeat of Saccharomyces 
cerevisiae, was used as a probe to locate the rDNA of C. acremonium. 
Initially, to demonstrate the appropriateness of the probe, total C. 
acremonium DNA was digested to completion with several restriction-enzymes, 
blotted to nitrocellulose, and hybridized with pYlrA12. The entire rDNA 
repeat of C. acremonium was located on a 9.2 kb Pstl restriction fragment. 
4 C .  acremonium gene Library (prepared in the lambda phage Charon 28 by P.L. 
Skatrud, S. E. Fishman, P. R. Rosteck, Jr., and C. L. Hershberger) was 
screened for sequences which hybridized with the yeast rDNA. 
containing rDNA were purified. 
and Southern hybridization analysis confirmed the source of the newly 
acquired rDNA to be - C. acremonium. 

Four phage 
Restriction endonuclease cleavage patterns 

Several restriction fragments containing C. acremonium rDNA were subcloned 
into the plasmids pIT221 and pPS5. 
mitochondrial DNA which functions as an autonomous replication sequence 
( A R S )  in yeast. These 
plasmids, with various degrees of homology to the C. acremonium chromosomal 
genome and/or mitochondrial genome can now be compared for their ability 
to transform C. acremonium to hygromycin resistance (See Abstract #134 
"Phosphotransferase Activity in Cephalosporium acremoniumt' , J. L. Chapman 
and S. W. Queener. 

pIT22i contains a fragment of C. acremonium 

pPS5 has the mitochondrzal DNA seqzence deletea. 



134 PHOSPHOTRANSFERASE ACTIVITY IN CEPHALOSPORIUM ACREMONIUM. J .  Chapman and - S. W. Queener, Eli Lilly and Company, Indianapolis, IN 46285 

Integrative transformation of C. acremonium has been achieved using hygro- 
mycin 0 resistance as the phenotypic marker. 
and detailed analysis of one transformant, CPC-T1, are described in "Recom- 
binant DNA Studies in Ce halos orium" by S. Queener et. al. presented at 
this meeting. (See A b - e M o d i  f ications oftheyector (pIT221) 
used in these transformations are also reported (See Poster and Abstract 
#133, "Construction of Plasmids Containing C. - acremonium Ribosomal DNAt' 
by P. Skatrud et. al.) 

The transformation protocol 

- -  
As an independent confirmation of transformation of C. acremonium, enzyme 
assays were conducted to demonstrate the presence of-the hygromycin phos- 
photransferase gene product in the transformant. 
ferase activity was detected in the CPC-T1 transformant, whereas no activity 
was detected in the untrpnsformed parent strain ATCC 11550. An extract from 
a Streptomyces ambofaciens strain known to contain the gene on a multi-copy 
plasmid was used as a positive control; the activity from this extract was 
an order of magnitude greater than that demonstrated in the CPC-TI extract. 
This difference is apparently due to the low copy number of the gene inte- 
grated in the chromosome of CPC-TI compared to the high copy number in the 
- S. ambofaciens cells. 

This S. ambofaciens extract was also used as a control in the substrate 
speciiicity testing. In this control as well as in the CPC-T1 extract, it 
was demonstrated that the enzyme phosphorylated only hygromycin B and not 
other related aminoglycosides. 

Hygromycin phosphotrans- 



- 201 Charac ter iza t ion  o f  t y ros inase  synthesized by Streptomyces a n t i  b i o t i c u s  transformed 

w i t h  plJ702. Wayne Herber and Edward K a t z ,  Georgetown U n i v e r s i t y ,  Washington D.C. 

The s t r u c t u r a l  gene coding f o r  t h e  enzyme, t y ros inase  (Streptomyces a n t i b i o t i c u s ) ,  

has been cloned and t h e  n u c l e o t i d e  sequence determined us ng t h e  dideoxy method o f  

Sanger -- e t  a l .  (Bernan -- e t  al., t h i s  meeting). 

e x t r a c e l l u l a r  enzyme has been i n v e s t i g a t e d  i n  twenty s t r a i n s  o f  - S. a n t i b i o t i c u s  

transformed w i t h  t h e  h igh  copy number plasmid, plJ702, which confers  t h i o s t r e p t o n  

res i s tance  ( t s r )  - and t h e  - melt phenotype. Transformed s t r a i n s  grow l e s s  v igorous ly  

bu t  e x h i b i t  a 2 t o  3 - f o l d  inc rease i n  l e v e l s  o f  secreted enzyme as w e l l  as a 50 t o  

150- fo ld  enhanced i n t r a c e l l u l a r  a c t i v i t y  i n  comparison w i t h  pa ren ta l  s t r a i n s  o f  

- S. a n t i b i o t i c u s  ( l a c k i n g  plJ702). 

than 95% o f  t o t a l  t y ros inase  a c t i v i t y  i n  con t ras t  t o  20% o r  l e s s  i n  s t r a i n s  harbor ing 

plJ702. - S. 

on ly  t h e  - t s r  determinant)  , produced 1 eve1 s o f  bo th  e x t r a c e l l  u l a r  and i n t r a c e l l  u l a r  

t y ros inase  a c t i v i t i e s  s i m i l a r  t o  paren ta l  s t r a i n s .  

The synthes s o f  i n t r a c e l l u l a r  and 

Exported enzyme i n  t h e  parent  comprises grea ter  

a n t i b i o t i c u s ,  t ransformed w i t h  t h e  h igh  copy plasmid p lJ350 ( c a r r i e s  

I n t r a c e l l u l a r  t y ros inase  has been p u r i f i e d  (185- fo ld )  t o  homogeneity from 

e x t r a c t s  o f  - S. a n t i b i o t i c u s  con ta in ing  p lJ702 by means o f  protamine s u l f a t e  p r e c i -  

p i t a t i o n ,  ammonium s u l f a t e  f r a c t i o n a t i o n  and column chromatography (DEAE-cel lu lose ,  

Sephadex 6-75 and Phenyl-Sepharose). 

enzyme was found t o  be 29,500 da l tons  based on ana lys i s  by SDS-PAGE and gel f i l -  

tons )  

The molecular  weight o f  t h e  i n t r a c e l l u l a r  

K i  ne t  

t r a t i o n  chromatography. Th is  da ta  conf i rms t h e  pred ic ted  va lue (29,430 da 

der ived  from t h e  nuc leo t i de  sequence o f  t h e  s t r u c t u r a l  gene f o r  t y ros inase  

parameters o f  t h e  i n t r a c e l l u l a r  enzyme have been examined. 

C 



- 202 Nucleot ide Sequence o f  t h e  Tyrosinase Fragment from Streptomyces a n t i  b io t i cus .  

V a l e r i e  Bernan, David F i  l p u l a  and Edward Katz, Georgetown U n i v e r s i t y ,  Washington, 

D.C. and Genex Corporat ion,  Gaithersburg, Md. 

The - Bcl I -c leaved  DNA fragment (1.56 kb)  con ta in ing  t h e  s t r u c t u r a l  gene coding 

f o r  t h e  enzyme, t y r o s i n a s e  (Streptomyces a n t i b i o t i c u s ;  Katz -- e t  a l . ,  J.G.M. 129, 

2703, 1983), was sequenced by t h e  dideoxy method of Sanger -- e t  a l .  

(30,325 da l tons )  and amino a c i d  sequence o f  t h e  enzyme were determined from ana lys i s  

o f  t h e  nuc leo t i de  sequence o f  t h e  c loned s t r u c t u r a l  gene ( I V ;  819 bop.). 

Molecular  weight 

The 

sequence homology between t h e  amino terminus of t h e  2. 91aucescens t y ros inase  

(Crameri -- e t  al., J.G.M. 128, 371, 1982) i n  comparison w i t h  t h e  p red ic ted  N-terminal 

sequence o f  t h e  enzyme from - S. a n t i b i o t i c u s  i s  s t r i k i n g :  

Met-Thr-Val-Arg-Lys-Asn-Gln-Ala-Ser-Leu-Thr-Ala-Glu-Glu-Lys-Arg-Arg-Phe-Val-Ala- 
ATG ACC GTC CGC AAG AAC CAG GCG TCC CTG ACC GCC GAG GAG AAG CGC CGC TTC GTC GCC 

G1 u Thr As P 

Examination o f  t h e  nuc leo t i de  d i s t r i b u t i o n  i n  codon t r i p l e t s  o f  t h e  s t r u c t u r a l  

gene revealed a h i g h  G/C content  i n  t h e  f i r s t  and t h i r d  p o s i t i o n s ,  c h a r a c t e r i s t i c  

o f  o ther  Streptomyces genes studied. A second open reading frame (11; 348 bop.) 

upstream from t h e  s t r u c t u r a l  gene suggests a poss ib le  regu la to ry  reg ion  s ince  i nse r -  

t i o n  o f  f o r e i g n  DNA a t  t h e  =I o r  =I1 r e s t r i c t i o n  s i t e s  i n a c t i v a t e s  expression o f  

t h e  s t r u c t u r a l  gene. 5 '  t o  t h i s  reg ion  i s  a sequence ( I ;  228 b o p . )  t h a t  may conta in  

the  -10 and -35 promoter s i t e s  requ i red  f o r  i n i t i a t i o n  o f  RNA t r a n s c r i p t i o n .  

h.p. sequence (111) f l anked  by I V  ( 3 ' )  and I 1  (SI), con ta ins  r e c o g n i t i o n  s i t e s  f o r  

- -  SstI ,  S s t I I ,  and - SalGI. 

s t r u c t u r a l  gene. 

A 162 

Cloning i n t o  t h e  unique - S s t I  s i t e  a l s o  i n a c t i v a t e s  t h e  

It i s  concluded t h a t  t h e  nuc leo t i de  sequence o f  t h e  ty ros inase 

fragment conta ins  na tu ra l  i n i t i a t i o n  s igna ls  f o r  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 .  

1 0 1 8 4 b 0  



203 Expression of t h e  S t r e  tom ces azureus t h i o s t r e p t o n  

Guy G. Hoffman and U l f e r t  Hornemann, School o f  

res is tance -?--%- gene i n  a c i l l u s t i l i s  

Pharmacy, U n i v e r s i t y  o f  Wisconsin, Madison, W I  53706 

The - S. azureus t h i o s t r e p t o n  res is tance gene was i n s e r t e d  i n t o  t h e  ery thro-  

myci n r e s i  stance gene present together  w i t h  a chloramphenicol res is tance gene i n  

plasmid pHWI (S. Hor inouchi ,  6. Weisblum, J. B a c t e r i o l ,  -’ 150 804-825, [1982]) 

which i s  d e r i v e d  from Staphylococcus aureus plasmids. 

formed i n t o  6. s u b t i l i s .  

expressed only  chloramphenicol res is tance desp i te  the  f a c t  t h a t  plasmids r e i s o -  

l a t e d  f rom them (designated pBV 101 and pBV 102) c a r r i e d  t h e  des i red  i n s e r t  i n  

The cons t ruc t  was t rans-  

The - 6. s u b t i l i s  t ransformants obtained i n i t i a l l y  - 

both expected o r i e n t a t i o n s .  

mants on 0.5 pg/rnl t h i o s t r e p t o n  and 10 pg/ml chloramphenicol y i e l d e d  a few 

co lon ies  i n  each case. 

c o n t a i n i n g  pBV 101 were found two co lon ies  able t o  grow on 50 pg/ml t h i o s t r e p t o n  

and 10 ug/ml chloramphenicol.  R e s t r i  c t i o n  endonuclease ana lys is  o f  t h e  plasmids 

(pBV 103 and pBV 104) c a r r i e d  by these c e l l s  revealed t h a t  DNA d e l e t i o n s  had 

P1 a t i  ng massive amounts o f  both k inds  o f  t rans for -  

Among pBV 102 c a r r y i n g  c e l l s  but  not  among those 

occurred which b r i n g  t h e  open reading frame sequences o f  t h e  t h i o s t r e p t o n  r e s i s -  

tance gene ( t h e  sequence was k i n d l y  made a v a i l a b l e  by Dr. M. B ibb)  i n  c lose 

p r o x i m i t y  t o  t h e  promoter o f  t h e  erythromycin res is tance gene. 

i b l e  t h a t  t h e  t h i o s t r e p t o n  res is tance gene i s  read from t h i s  promoter, however, 

d i r e c t  p roo f  f o r  t h i s  assumption i s  not y e t  avai lab le.  Both plasmids were fused 

t o  plasmid pBV 404 which c a r r i e s  t h e  neomycin phosphotransferase gene and which 

It i s  thus poss- 

i s  der ived  from plasmid p I J  702. 

formed i n t o  Streptomyces l i v i d a n s  and t h i o s t r e p t o n  and neomycin r e s i s t a n t  ‘colo- 

n ies  were recovered. Plasmids i s o l a t e d  from these showed l a r g e  de le t ions  of S. 

aureus DNA sequences prec lud ing  successful  re t ransformat ion of - B. s u b t i  l i s .  

The r e s u l t i n g  chimeric plasmids were t rans-  
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204 STREPTOMYCES GRISEUS PLASMID pSGl - 
1 2 Yair Parag , Dror Bar-Nir2, Xaria  E ,  Goedeke' and Amikam Cohen 

Departments of Genetics '  and Xolecular  Genet ics  

The Hebrew U n i v e r s i t y ,  Jerusalem, Israel  

2 

A plasmid of a l e n g t h  of 16.6 kb -pSG1 - has been i s o l a t e d  f r n m  chloram- 

phenicol  r e s i s t a n t  d e r i v a t i v e s  of Streptomyces g r i s e u s  XRRL 3851, a ceFham).cin 

producer ,  fo l lowing  t ransformat ion  of p r o t o p l a s t s  w i t h  u n r e l a t e d  plasmids.  

Southern h i b r i d i z a t i o n  experiments wi th  r a d i o a c t i v e  probes prepared of pSGl 

fragments and immobilized 2. g r i s e u s  DNA fragments i n d i c a t e d  t h a t  t h e  plasmid 

i s  p r e s e n t  i n  t h e  p r o g e n i t o r  s t r a i n  i n  a chromosomally i n t e g r a t e d  s ta te .  

I n  t h e  pSG 

as f r e e  plasmids.  The i n t e g r a t e d  state of maintenance p e r s i s t s  i n  s t r a i n s  

which have been cured  of t h e  f r e e  plasmid. The j u n c t i o n  s i t e  on t h e  plasmid 

i s  l o c a t e d  on a 0.5 ict, E R I - 3 1  fragment. 

w a s  demonstrated t o  b e  t h e  =me i n  a l l  s t r a i n s  which were d e r i v e d  of - S. g r i s e u s  

NRRL 3851. The occurence of bo th  states of plasmid maintenance i n  t h e  same 

c lones  i n d i c a t e s  an i n t e g r a t e d  pSGl sequence does n o t  i n t e r f e r e  w i t h  t h e  free 

plasmid r e p l i c a t i o n  and p a r t i t i o n  and s u g g e s t s  t h a t  t h e  es tab l i shment  of t h e  

free s t a t e  may i n v o l v e  a r e p l i c a t i v e  c x i s i o n  of pSGl from - S. g r i s e u s  chromosome. 

Segregat ion of pSGl 

lack of i n t e r f e r e n c e  is chromosomally c o n t r o l l e d .  The r e p l i c a t i o n  e x c i s i o n  is 

probably induced by t h e  t ransformat ion  procedure.  It i s  t h u s  suggested t h a t  

t h i s  can b e  a g e n e r a l  method f o r  o b t a i n i n g  plasmids i n  apparent ly  p l a smid - l e s s  

s t r a i n s  of s t rep tomycetes .  The coexis tance  of f r e e  plasmids and chromosomally 

i n t e g r a t e d  plasmid-sequences can be used f o r  c l o n i n g  of f o r e i g n  genes i n t o  t h e  

chromosome - via t h e  plasmid fol lowing homologous recombination. 

s i t e  wasnarroweddown t o  w i t h i n  t h e  segment of - HinCII-=I of 0.4 kb. 

segment has  been c leaved  t o  smaller fragments and is now be ing  sequenced. 

plasmid pSG1 a p p e a r s  a l s o  w i t h  r e i t e r a t e d  sequences,  over 15 r e p e a t c ;  up t o  

now four  d i f f e r e n t - s i z e  segments - 3 . 8  t o  5.4 kb - were found t o  b e  involved 

i n  t h e  r e i t e r a t i o n  i n  d i f f e r e n t  c lones ,  a l l  four  are d e r i v e d  from t h e  same 

region of t h e  plasmid. 

+ i s o l a t e s  plasmid sequences ex is t  bo th  as i n t e g r a t e d  sequences and 

The chromosomal i n t e g r a t i o n  s i t e  

+ - vs pSG1- i n  conjugat ion experiments i n d i c a t e s  t h a t  t h i s  

The i n t e g r a t i o n  

This 

The 
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EVIDENCE FOR A SEX FACTOR I N  STREPTOMYCES ERYTWEUS 
Janet DeWi tt, Abbott Laboratories, North Chicago, TL con64 20 6 - 

Streptomyces erythreus was found to contain a transmissable plasmid 
S E P l  which acts as a sex factor. Recombination occurred between 
str  ins con aining single and multiple markers a t  a frequency of 

a spo' sector of a normal colony was found to be lethal zygosis 
sensitive. Pocks were formed when spores of the parental type were 
plated on a lawn of J D l O l  indicating the loss o f  a transmissible 
plasmid, SEP1, from this strain, Recombination d i d  not occur between 
derivatives of J D l O l  lacking SEP1, b u t  d i d  occur i f  SEPl  was trans- 
ferred to one of these strains, or i f  these strains were crossed w i t h  
other strains containing SEP1, 
h i g h  frequency between strains. T h i s  data i s  consistant w i t h  SEPl  
acting as a fe r t i l i ty  factor i n  S. erythreus. 
detected i n  agarose gels or CsClz gradients us ing  standard plasmid 
i sol a t i  on procedures. Interspecific crosses are now being made to  
transfer S E P l  into SI lividans to study i t s  properties i n  standard 
- S. lividans crosses. 

10' 3 to 10' s during mating on agar, A strain, JD101, isolated from 

S E P l  could also be transferred a t  

SEPl  could not be 



20 7 Characterization of shuttle plasmid Vectors s u i t a b l e  for the ideotiflc3tlen 
o f  promoters or terminators in Streptomyces. s .  mXST@SS, R. BfiAGAJE, 
HANSEN HSIUNG and R. N. RAO, Lilly Research Laboratorles, 
Eli Lilly and Company, Indianapolis, Indiana 46285. 

- 

We have constructed a plasmid vector (pKC356) that can rcplIcaalp ; a  
Escherichia - coli K-12 and in Streptomyces ambofaclens. 
selected in E. - -  coli by ampicillin resistance and in 2. ambofaciens by 
thiostrepton resistance. 
without its promoter, and this feature has been used to show that p snd 
& are functional in S .  ambofaciens. Starting froff plasmid pKC388"% 
which Tn5 neomycin resistance gene is expressed f r m  its  cognate promoter, 
we have functionally characterized two DNA segments, one a synthetic 
sequence and another from Streptomyces phage, 9 C 3 1 ,  that interfere with the 
expression of neomycin resistance gene in both E .  - m k i  -- and S. a&ofa,ciens. 
Deletion of a stem structure in the synthetic sequence restored the 
expressxorn of necmycin resistance. The W 3 1  seqwprte was initralLy 
rsolated in an E, coli terminator pipbe plasmid. 
suggest that these sequences are acting as transcriptmcnai terrnLnators. 

The vectar can: b e  

The vector carries 2 5  neomycin resistZcc gene 

L 

Fcum these experiments we 
P 

- 

c loning  r?C ocreptomyces DNA in shuttle cosmid vectors and their 
chpw5icerization. 
Eli Lilly and Company, Indianapolis, Indiana 46285. 

_I R .  STANZAK and R. N .  U O ,  LlllY Research Laboratories, 

We have constructed three cosmid vectors ("llkb in size) that can 
shuttle between Escherichia - coli and Streptomyces. 
three A cos sites with a unique restriction endonuclease site between the 
first and the second cos site. 
is the site used for cloning. Our earlier experiments have shown that E. 

expressed in Streptomyces. All these vectors can be selected in E. coli by 
ampicillin resistance or apramycin resistance Or neomycin resistance and in 
Streptomyces by apramycin or neomycin resistance. 
used to generate a cosmid library (%5,000 independent clones) from 
Streptomyces felleus. Four random cosmids containing inserts were 
characterized by restriction enzyme analysis and DNA blots. 
size varied from 34 - 39 kb. 
chromosomal DNA and was colinear with it. 
to isolate specific cosmid clones by genetic complementation and by 
specific DNA probing. 

These vectors carry 

A unique &I1 Site present in the plasmid 

coli apramycin resistance gene and &5 neomycin resistance gene are 
- - 

- -  

These vectors have been 

The insert 
The cloned DNA hybridized to S. felleus 

The cosmid library is being used 
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209 Streptomyces plasmid SCP2* and DNA cloning vectors derived from it. 

D.  J. LYDLATE, F. MALPARTIDA, T. KIESERandD. A. HOPWOOD 
John Innes Institute, Norwich, U.K. 

SCP2* is a 30 kb low copy plasmid isolated from Streptomyces 

--- - 

coelicolor A3(2). Like most Streptomyces plasmids it is self-transmissible, 

produces pocks and confers fertility to its host. It can stably coexist (is 

compatible) with the plasmids pIJlOl and SLP1.2 and their derivatives. 

SCP2* -derived DNA.cloning vectors and lysogenic phages a re  currently 

the only low copy number cloning vectors available for Streptomyces. 

SCP2*-derived vectors a re  h o w n  to support the stable replication of 

large (greater than 30 kb) DNA inserts which a r e  needed for the cloning 

of whole metabolic pathways such as  those for antibiotic biosynthesis (see 

F. Malpartida and D. A .  Hopwood, Nature 309-462 (1984)). They may 

also be useful for the cloning and study of regulatory genes and for genes 

which are deleterious to their host when present in high copy number. 

The host-range of derivatives of SCP2*, originally thought to be limited 

to S. coelicolor A3(2) and its close relatives, is much wider; many strains 

have been successfully transformed with and found to maintain these 

plasmids. 

As a basis for the construction of plasmid vectors, a detailed 

restriction map of SCP2* has been constructed and plasmid functions 

including replication, transfer, pock formation and stability have been 

localised on it. About 12.5 kb (40%) of SCP2* can be deleted or disrupted 

by insertions without effect on any known plasmid functions and sites 

within such segments are therefore presumed to be available for cloning. 

Single cloning sites for BamHI, BglII, EcoRI, Hindm, - SstI, - -  XbaI and XhoI - 
a re  available on various SCP2* derivatives, 

- -  - 
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210 A 2 . 6  kb DNA sequence of Streptomyces coelicolor A3(2) which may - - --- 
function as a transposable element 

* 
D. J. LYDIATE, H. IKEDA and D. A.  HOPWOOD 

John Innes Institute, Norwich, U.K.  

*Present address: School of Pharmaceutical Studies, Kitasato Universjky, 

Tokyo, Japan 

S. coelicolor A3(2) contains 2.6 kb CCC DNA molecules at a 

copy number of less than 0.2 per chromosome, which is unusually low, f 3r 

an autonomous phsmid. This DNA does not have homology with any  of' 

the previously identified plasmids of S. coelicolor,namely, SCP1, S C P 2 ,  

SLPl  and SLP4. Two linear copies of the 2 . 6  kb sequence per host 

genome a r e  also present in S. coelicolor integrated into a larger replicon 

(presumably the chromosome). Both copies have a similar or identical 

linear arrangement, and have been preserved through several branches 

of the pedigree of S. coelicolor A3(2) derivatives. It is therefore unlikely 

that f ree  circular molecules ar ise  by simple excision of the integrated 

copies. S. lividans 66 and S. violaceolatus ISP5438 (both of which a r e  

closely related to S. coelicolor A3(2), together with 12 more distantly 

related Streptomyces strains, showed no sequences homologous with the 

2 . 6  kb sequence, suggesting its "recent" acquisition by S. coelicolor A3(2). 

Despite the absence of homology between S. lividans 66 DNA and the 2 . 6  kb 

sequence, a iC31 phage derivative lacking its attP site (and therefore 

unable to  integrate into the host genome by its normal mechanism) was able 

to lysogenise S. lividans 66 when the 2 . 6  kb sequence was cloned into it. 



211 S h u t t l e  Vectors  Containing t h e  SCP2fr Repl icon .  J . L .  Larson?: and C . L .  
Hershberger ,  E l i  L i l l y  and Company, I n d i a n a p o l i s ,  Indiana 46285. 

We desc r ibed  a 5 . 9  kb EcoRI-Sal1 r e s t r i c t i o n  fragment t h a t  con ta ins  the  
minimal r e p l i c o n  of  t h e  31 k b p l a z d  SCP2" ( J .  Larson and C . L .  Hershberger ,  
J .  B a c t e r i o l .  157:314-317, 1984).  S h u t t l e  v e c t o r s  pHJL197 and pHJL198 f o r  
s t r e p t o m y c e t e s x d  Esche r i ch ia  c o l i  c o n t a i n  t h e  5 . 9  kb st reptomycete  
r e p l i c o n  f ragment ,  t h e  E .  - -  c o l i  plasmid pBR322, and genes confe r r ing  
r e s i s t a n c e  t o  neomycin and t h i o s t r e p t o n  i n  s t rep tomycetes .  

The SCP2+ r e p l i c o n  was f u r t h e r  d e l i n e a t e d  by in t roducing  a series of 
d e l e t i o n s  i n t o  t h e  s h u t t l e  plasmid pHJL192 by d i g e s t i o n  with t h e  r e s t r i c t i o n  
enzyme K z I .  L i g a t i o n ,  t r ans fo rma t ion  i n t o  Streptomyces g r i seo fuscus  C581 
(ATCC23916) and s e l e c t i o n  f o r  neomycin r e s i s t a n c e  i d e n t i f i e d  a f u n c t i o n a l  
r e p l i c o n  on a 4 . 6  kb EcoRI-K-I r e s t r i c t i o n  fragment of SCP2fc t h a t  was 
conta ined  i n  t h e  shut= plasmid pHJL201. 
r e s t r i c t i o n  fragment wi th  t h e  gene f o r  t h i o s t r e p t o n  r e s i s t a n c e  genera ted  two 
s h u t t l e  v e c t o r s  pHJL210 and pHJL211 t h a t  a r e  g e n e t i c a l l y  s i m i l a r  t o  pHJL197 
and pHJL198. 
t h e  amount of  pHJL197 when plasmid D N A ' s  a r e  i s o l a t e d  from c u l t u r e s  of S .  

#- number. I 

Addi t ion  of a 1.0 kb BclI 

The amount of pHJL210 i s  approximately t e n  f o l d  g r e a t e r  t h a n  

r i s e o f u s c u s .  The re fo re ,  t h e  1.3 kb KXI-Sa l1  d e l e t i o n  d i s r u p t s  c o n t r o i  of  - 

U t i l i t y  of  t h e  moderately high copy number v e c t o r s  was t e s t e d  by 

Di rec t  c o n s t r u c t i o n  o f  a 

A genomic DNA l i b r a r y  

c o n s t r u c t i n g  genomic DNA l i b r a r i e s  of S.  f r a d i a e  T774 (a  mutant of  
ATCC19609) and Act inoplanes u t ahens i s  rNRRL12052). 
genomic DNA l i b r a r y  was unsuccessfu l  w i th  DNA i s o l a t e s  from S. f r a d i a e  
because t h e  f r equenc ie s  of recombinants were t o o  low. 
of  S .  f r a d i a e  i s  a v a i l a b l e  i n  t h e  v e c t o r  bac te r iophage  lambda Charon 4 
( p o s t e r  by S .E .  Fishmad;, P .R.  Rosteck,  J r . ,  and C . L .  Hershberger) .  S.  
f r a d i a e  DNA was s u c c e s s f u l l y  subcloned from t h e  genomic DNA l i b r a r y  i n  
bac ter iophage  lambda Charon 4 i n t o  pHJL210; t h e r e f o r e ,  genomic DNA l i b r a r i e s  
of  S .  f r a d i a e  were cons t ruc t ed  i n  S.  g r i s e o f u s c u s .  Genomic DNA l i b r a r i e s  of 
A .  - u t a h e n s i s  were cons t ruc t ed  i n  - ST g r i s e o f u s c u s  wi th  pHJL210 a s  t h e  v e c t o r .  
The genomic DNA l i b r a r i e s  i n  2. g r i s e o f u s c u s  were evaluated with sc reens  f o r  
r e s i s t a n c e .  



- 212 Direct Repeat Structure Associated with DNA Amplification in Streptomyces 

fradiae. S. E. Fishman?; and C. L. Hershberger, Eli Lilly and Company, 

Indianapolis, Indiana 46285.  

We have previously identified a 10.5 kb DNA sequence which is highly 

amplified and tandemly repeated in the genome of a mutant, Streptomyces 

fradiae JS85. A genomic library of DNA from the parent of JS85 (S. fradiae 

T774)  before amplification was screened by plaque hybridization to identify 

phage clones containing the unamplified 10.5 kb DNA sequence. 

isolates were identified which contained DNA homology to the amplified DNA 

sequence. 

verify that the DNA structure of the phage recombinants were the same as in 

the parental strain. 

DNA plus adjacent chromosome was constructed. 

was used as a probe for analyses by Southern hybridization. 

exhibited homology to both ends of the 10.5 kb DNA sequence. 

restriction mapping identified a 2 . 2  kb direct repeat at the ends of  the 

amplifiable unit of DNA. A minimum of four copies of the 2 . 2  kb direct 

repeat sequence have been identified in S. fradiae T774. 

Phage 

Restriction .figestions and Southern hybridization were used to 

A composite restriction map of the amplifiable unit of 

An EcoRI-BamHI - -  DNA sequence 

The probe 

Detailed 

- 213 A New Plasmid (pY033) f r o m  Streptomyces o r l e n t a l l s ,  
A Vancomycln Producer. Y.K.  OH*, L. F A R E ,  

D.P. TAYLOR and L.J. NISBET.  Smlth K l l n e  & French 
Labora tor les ,  Ph l lade lph la ,  Pa. 19101. 

S. o r l e n t a l l s  NRRL 2452 produces the  g lycopept lde 
an t  1 b 1% t 1 c , vanc omyc 1 n . An mutant 
(V33) I s o l a t e d  a t  lOmM Na'Arsenate produced more 
vancomycin than the  parent  s t r a l n  and was found t o  c a r r y  
a l a r g e  h l g h  copy number plasmld DNA named pY033. The 
plasmld, 33.5 K l l o  bases, had a number o f  s l t e s  o f  
r e s t r l c t l o n  endonuclease cleavage, l n c l u d l n g  a unlque 
EcoRI s l t e .  A r e s t r l c t l o n  endonuclease cleavage map was 
cont ruc ted .  Fur ther  work I s  I n  progress t o  I nves t l ga te  
the  r o l e  o f ,  and p o t e n t l a l  f o r ,  t h i s  p lasmld I n  mod l fy lng  

a r  s ena t e- r  es 1 s t an  t 

1 0 7 8 4 b 8  vancornycln p roduc t lon .  



2 1 4  A MECHANISM FOR THE S I T E - S P E C I F I C  E X C I S I O N  AND INTEGRATION - OF THE SLPl ELEMENT O F  STREPTOMYCES COELICOLOR: 
AND IMPLICATIONS FOR THE FORMATION OF AUTONOMOUS SLPl PLASMIDS 

Charles A. Omer and Stan ley  N. Cohen 
Department of Genetics 

S tan ford  U n i v e r s i t y  Medical School 
Stanford, CA 94305 

SLPl i s  a gene t i c  element i n  the  Streptomyces c o e l i c o l o r  A 3 ( 2 )  chromosome 

which can be t r a n s f e r r e d  t o  the  c l o s e l y  r e l a t e d  s t r a i n  Streptomyces l i v i dans ,  

66 where i t  e x i s t s  as e i t n e r  a chromosomally i n t e g r a t e d  element o r  as an 

autonomous p lasmid of from 10-14 kb(1) .  We have demonstrated t h a t  the  

i n t e g r a t e d  fo rm of SLPl (SLP1 int) i s  a 1 7  kb DNA element t h a t  appears t o  

exc ise  f rom t n e  S. coe: ico lor  chromosome and e x i s t  t r a n s i e n t l y  as a plasmid 

du r ing  t r a n s f e r  t o  a S. l i v i d a n s  SLPI- s t r a i n .  Th i s  t r a n s i e n t l y - e x i s t i n g  

plasmid can d i r e c t  i t s  s i t e - s p e c i f i c  i n t e g r a t i o n  i n t o  t h e  S. l i v i d a n s  

chromosome a t  a unique locus t h a t  corresponds t o  t h e  o r i g i n a l  chromosomal 

l o c a t i o n  of SLPlint i n  S. c o e l i c o l o r .  

kb  SLPl sequence were const ructed,  1) by i n  v i t r o  c i r c u l a r i z a t i o n  o f  

Plasmids t h a t  con ta in  the  complete 17 

r e s t r i c t i o n  endonuclease generated DNA fragments o f  chromosomal DNA ca r ry ing  a 

tandem d u p l i c a t i o n  o f  SLPlintt; 2 )  by mo lecu la r l y  c l o n i n g  i n  the  E. c o l i  

p lasmid pACYC177 o f  a 1 7  kb - BamHI r e s t r i c t i o n  fragment t h a t  conta ins the  

complete SLPlint sequence. When these plasmids were used t o  t ransform - S. 

l i v i d a n s  SLP1-, t h e  r e s u l t i n g  transformants conta ined t h e  SLPl sequence 

chromosomally i n t e g r a t e d  a t  t he  same s i t e  as when the  SLPlint sequence i s  

t rans fe r red  by mating. 

The p h y s i c a l l y  autonomous SLPl plasmids ob ta ined by  mating S. c o e l i c o l o r  

w i t h  S. l i v i d a n s  are  s t r u c t u r a l  subsets o f  t h e  t r a n s i e n t l y  e x i s t i n g  17 kb 



214 con't 
complete SLPl plasmid. The l a r g e s t  SLPl plasmid i s o l a t e d  by matings, SLP1.2, 

r e t a i n s  the  1.72 k b  Ps t  I fragment t h a t  conta ins the  attachment s i t e  for  SLP1; 

b u t  nas de le ted  another reg ion  r e q u i r e d  f o r  i n t e g r a t i o n .  The smal ler  SLPl 

plasmids have lost  both  the  attachment s i t e  and t h e  r e g i o n  de le ted  i n  SLP1.2. 

We have cons t ruc ted  an SLPl p lasmid i n  which o n l y  the  1.72 kb Ps t  I fragment 

which conta ins  the  attacnment s i t e  and an adjacent 0.4 kb Ps t  I fragment are 

de leted.  

- 

- 
- 

This cons t ruc ted  plasmid a l so  f a i l s  t o  i n t e g r a t e  i n t o  the  chromosome. 

A model f o r  t ne  s i t e - s p e c i f i c  e x c i s i o n  and i n t e g r a t i o n  o f  SLPlint and a 

poss ib le  mecnanism f o r  t he  fo rmat ion  o f  the  autonomous SLPl plasmids w i l l  be 

presented. 

1. Bibb, M.J., J.M. Ward, T. K ieser ,  S.N. Cohen and D.A. Hopwood. 1983. 
Mol. Gen. Genet c_ 184: 230-240. 
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215 DNA r e i t e r a t i o n s  i n  S t r eDtomyces  g l a u c e s c e n s :  c l o n i n q  2nd 
!-~oinolocz;:~ a n a l y s i s  of i n d e p e n d e n t l y  i s o l a t e d  s e q u e n c e s  

Yamoru Iiasegawa", J a c q u e l i n e  P i r e t  , Gi1ber:o H i n t e r a a n n ,  and 

Ralf H g t t e r  

Y i k r o b i o l o g i s c h e s  I n s t i t u t  ETII, CI-I-8092 Zi i r ich ,  S w i t z e r l a n d  

Xyowa tIakko Xoqyo Co. LTD, Tokyo R e s e a r c h  L a b o r a t o r i e s ,  * 
m A ~ k y ~ ,  J a p a n  

A w idesp read  phenomenon among S t r e p t o a y c e s  i s  the  o c c u r r e n c e  
a t  u n u s u a l l y  h i g h  f r e q u e n c i e s  of c e r t a i n  m u t a t i o n s  a f f e c t i n 5  
t h e  m o r p h o l o g i c a l  o r  b i o c h e m i c a l  b e h a v i o r  of the s t r a i n .  
One form of t h i s  g e n e t i c  i n s t a b i l i t y  can  be  obse rved  as t andemly  
r e i t e r a t e d  DNA of s p e c i f i c  chromosomal r e g l o n s .  ?en i n d e p e n d e n t l y  
i s o l a t e d  r e i t e r a t e d  s e q u e n c e s  f rom S . q l a u c e s c e n s  were c l o n e d  and 
a n a l y s e d  by r e s t r i c t i o n  d i g e s t s  and h y b r i d i s a t i o n s .  The a m p l i f i e d  

s e q u e n c i e s  o c c u p i e d  up t o  45% of' t h e  t o t a l  qenomic DNA and r anged  
i n  s i z e  f rom 2.9-35 Kb p e r  s i n g l e  u n i t .  C r o s s - h y b r i d i s a t l o n  
be tween t h e  c l o n e d  s e q u e n c e s  and  h y b r i d i s a t i o n s  t o  t o t a l  D N A  of 
t h e  w i l d  t y p e  DNA of S . q l a u c e s c e n s  r e v e a l e d  t h a t  sone r e i t e r a t i o n s  
a r i s e  f rom s i n g l e  copy ,  o t h e r s  f rom low copy a m p l i f i e d  s e q u e n c e s .  
All r e i t e r a t e d  s e q u e n c e s  c l o n e d  c o u l d  be a l l o c a t e d  t o  two r e g i o n s  
of t h e  S . g l a u c e s c e n s  genome. F u r t h e r m o r e  some a a p l i f i c a t i o n s  were 
accompained by a d j a c e n t  d e l e t i o n s .  

1 0 1 8 4 7 1  



-16 Structural and functional characterisation of two unstable ,:enis 
of Streptomyces glaucescens 

Gilbert0 Hintermann and 5alf IiTitter 

Mlkrobiologisches Institut FTH, CH-8092 Ztirich, Switzerland 

Streptomyces slaucescens produces on a suitable medium the 
black pigment melanin. The enzyme responsible is a tyrosinase. 
The qene responsible for tyrosinase production was cloned and 
used for the characterisation of melanin-negative mutants. 

Mutations affecting tyrosinase production were identified as 
either structural gene deletions or as nutations involved in the 
regulation of the expression of the Intact structural gene. 

Another feature of Streptomyces qlaucescens is the production 
of the aninoglycoside antibiotic hydroxystreptornycin. The gene 
conferrinq resistance to streptomycin-like antibiotics was cloned. 
High frequency mutations leading to streptomycin-sensitivity and 
streptomycin qon-production Mere identified as larse qenornlc 
deletions comprising the structural gene for a 6-hydroxystrepto- 
rnycin phosphotransferase and Its flanking sequences. 

1 0 7 8 4 1 2  
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217  Ls110: an insertion element of Streptomyces coelicolor 

K. F. CHATER, G .  J. BRUTON, S. G. FOSTER* and I. TOBEK** 

- --- 

John Innes Institute, Norwich, U. K. 

Present address: *Glaxochem Ltd. Ulverston, Cumbria, U. K. 

**Czechoslovak Academy of Sciences , Institute of Microbiology, Prague, 

Czechoslovakia 

After propagation of attachment site-deleted derivatives of 

i C 3 1  on Streptomyces coelicolor A3(2), three independently-obtained 

phages were found that could integrate into the S. coelicolor chromosome. 

They all contained apparently identical 1.6 kb insertions at the same 

position and in the same orientation in their DNA. This 1 .6  kb sequence 

(ISllO) was present in several copies in the S. coelicolor genome and 

absent from the closely related species S. lividans 66. Closely-related, 

but not identical, sequences were present in about 20% of a range of 

other Streptomyces species. The presence of E l l 0  in - att-deleted ,&31 

phages containing a viomycin-resistance marker allowed the detection of 

S. coelicolor transductants containing the prophage integrated at the various 

E l l 0  copies. Linkage mapping of viomycin resistance in these strains 

has shown that at least two IS110 copies have well-defined chromosomal 

locat ions. 

1 0 1 8 4 7 3  



218 ISOLATION A N D  FUYCTIONAL ANALYSIS OF GENES INVOLVED I N  - 
YORPHOLOGICAL DITFERENTTATION IN STREPTOYYCES COELICOLOR ~ ( 3 1 2  

J a c q u e l i n e  P i re t"  -and K e i t h  C n a t e r * *  

" Y i k r o b i o l o q i s c h e s  T n s t i t u t ,  ETI-I, ZUrich, S w i t z e r l a n d  * *  J o h n  I n n e s  I n s t i t u t e ,  Norwich,  England 

The m o r p h o l o g i c a l  d i f f e r e n t i a t i o n  of S t r ep tomyces  c o e l i c o l o r  
c o l o n i e s  i s  an a p p a r e n t l y  complex p r o c e s s  whereby v e s ; e t a t i v e  
s u b s t r a t e  mycelium g i v e s  r i se  t o  a e r i a l  b r a n c h e s  which i n  t u r n  
d e v e l o p  c h a i n s  of s p o r e s .  C o n c u r r e n t l y  numerous secondary  
p r o d u c t s  a re  made. - S. c o e l i c o l o r  A ( 3 ) 2  n u t a n t s  u n a b l e  t o  p r o d u c e  
a e r i a l  hyphae form c o l o n i e s  which  look  b a l d  ( b l d ) .  - There a re  
f o u r  known c l a s s e s  of a u t a n t s .  Using a 0C31 phaqe v e c t o r ,  we 
h a v e  i s o l a t e d  two 3 N A  s e q u e n c e s  which r e s t o r e  t h e  c a p a c i t y  t o  
s p o r u l a t e  t o  two d i f f e r e n t  c l a s s e s  of - b l d  m u t a n t s :  b ldA and 
- b l d B .  The phage d e r i v a t i v e s  c a r r y i n q  the  c l o n e d  s e q u e n c e s  
p e r m i t t e d  t h e  c o n s t r u c t i o n  of p a r t i a l  d i p l o i d s  f o r  t h e  blc] 
r e g i o n s  by v i r t u e  of phage  i n t e g r a t i o n  and e s t a b l i s h m e n t  of 
l y s o g e n y  i n  the h o s t  chromosome. F u n c t i o n a l  a n a l y s i s  of  s u c h  
m u t a n t  l y s o g e n s  i n d i c a t e d  t h a t  the bldA r e g i o n  compr i se s  a t  l eas t  
two q e n e s ,  one of which i s  t e r m i n a l l y  d e l e t e d  i n  the c l o n e d  
i n s e r t .  S u b c l o n i n g  e x p e r i m e n t s  p l a c e d  t h e  bldA genes a t  one end 
of t h e  c l o n e d  DNA, s u p p o r t i n g  t h e  i d e a  t h a t  p a r t  of the  bldA 
r e g i o n  i s  m i s s i n g .  A small f r a c t i o n  of mutant  l y s o g e n s  r e m i n  
b a l d .  Such c o l o n i e s  release phages  which c a r r y  - b l d  m u t a t i o n s  
ra ther  t h a n  w i l d t y p e  s e q u e n c e s  and which a p p a r e n t l y  a r i s e  t h r o u g h  
some mechanism of h o m o g e n o t i z a t i o n .  Phages c a r r y i n g  b13A 

m u t a t i o n s  c o u l d  be u s e d  t o  show t h a t  bldA qenes  had indeed  been  
c l o n e d  and  t o  p e r f o r m  g e n e t i c  complemen ta t ion  t e s t s  and t i n e  
s t r u c t u r e  mapping of - b ldA m u t a n t s .  

1 0 1 8 4 1 4  



219 Molecular biology of a streptomycete operon for glycerol utilisation 

C. P. SMITH and K. F. CHATER 

John Innes Institute, Norwich, U.K. 

- 

Physiological, genetical and gene disruption studies have shown 

that glycerol catabolism in Streptomyces coelicolor is determined by an 

operon (01) which is subject to substrate induction and catabolite 

repression (Seno and Chater, J. Gen. Microbiol. 129, 1403 (1983); 

Sen0 et a l . ,  Mol. Gen. Genet, 193, 119 (1984)). 

- 

- 
Molecular cloning of the entire gyl region and subsequent S1 - 

nuclease mapping and "Northern" blotting of gyl mRNA have shown that 

the operon spans 5.4 kb, and contains two transcription termination sites 

separated by 1.1 kb. Sequences normally essential for glycerol catabolism 

do  not extend beyond the first termination site. These studies also revealed 

a 0.9 kb mRNA species immediately upstream of the gyl operon, which 

may encode a gyl regulatory protein. 

- 

- 

- 
DNA sequencing of a 500 bp r eg ia  containing the 3' end of the 

"regulatory" gene, the - gyl promoter, and the 5' end of the gyl - structural 

genes, has revealed terminator-like structures, a ribosome binding site 

and open reading frames that correlate well  with the predicted organisation 

of the gyl operon. - 

1 0 1 8 4 1 5  



- 220 Cloning and Preliminary Characterization of a Tylosin-Resistance Gene from 
A Tylosin-Producing Strain of Streptomyces fradiae. V.A. Birmingham, K.L. 
Cox, S . E .  Fishman, P.R. Rosteck, Jr., C.L. Hershberger, and E . T .  Seno, E l i  
Lilly and Company, Indianapolis, Indiana 46285. 

A DNA fragment, which confers resistance t o  high tylosin concentrations in 
Streptomyces lividans and Streptomyces griseofuscus, was cloned from a 
tylosin-producing strain of Streptomyces fradiae, T776. The clone was 
obtained by partial - Sau3A digestion of - S. fradiae DNA, ligation into the 
@I1 site of the high-copy plasmid vector, pIJ702, and transformation into 

- S. lividans TK23. 
thiostrepton-resistant transformants led to the identification of eleven 
recombinant plasmids capable of transforming - S. lividans to tylosin 
resistance. Restriction enzyme analysis of five of the t& plasmids 
revealed a common 2.6 Kb K x I  fragment, which alone could cause tylosin 
resistance in S. - -- lividsns when present in either orientation in the @I 
site of pIJ702. 

R 

Screening for tylosin resistance (500 pg/ml) among the 

R 

R PSVB2, one of the tyl- 
further studied. It conferred resistance to several macrolide antibiotics 
(tylosin, niddamycin, carbomycin), lincomycin and vernamycin B in S. - 
griseofuscus, a pattern associated with the MLS-resistance phenotype. PSVB2 
failed to completely restore tylosin resistance in three tylosin-sensitive 
(Tyl ) mutants of S. - fradiae. 
obtained by regenerating protoplasts of Tyl JS87 contains a known 
deletion encompassing - aud, a sequence tandemly reiterated about 500 times i n  

JS85 and present as a single copy in the parental strains. 
hybridization, using pSVB2 as a probe, revealed that the cloned gene was 
present on the same restriction fragment in JS85, JS87 and other TylS and 
TylR strains of - S. fradiae. 
tylosin production and tylosin resistance in JS87 did not include the cloned 
t& gene. 

plasmids containing a 4 . 9  Kb - Sau3A insert, was 

S Two of the mutants, JS85 and JS87, were 
R strains. 

Southern 

Thus, the deletion associated with loss of 

R 

R The data suggest that the cloned - S. fradiae t& 
gene, or a gene activating expression of an endogenous mls - determinant, and 
that the cloned gene is poorly expressed in some Tyl 

gene is an m l s  - resistance 

S mutants of - S. fradiae. 

i '  
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- 221 Clming and analysis of the agarase gene of Streptomyces coelicolor A3(2) 

R. JOSEPH*, G. H. JONES', J. M. WARD and M. J. BIBB 

John Innes Institute, Norwich, U. K. 

Present address: *CFTRI, Mysore - 570013, India. +University of 

Michigan , Division of Biological Sciences, Ann Arbor, Michigan 48 109, U. S. A .  

StreDtomvces strains produce a variety of extracellular proteins that 

permit the breakdown and utilisatim of extracellular macromolecules. An 

unusual example is agarase secreted by S .  coelicolor A3(2). This enzyme 

degrades agar into small oligosaccharides that can ultimately be absorbed 

into the cell and utilised as sole carbon source. The agarase gene is 

subject to carbm catabolite repression and preliminary studies indicate 

that it is also inducible by the breakdown products of agarase. The gene 

resides in the 9 o'clock region of the linkage map and contains, or lies 

close to, a site for integration of the plasmid SCPl (the resulting N F  strains 

fail to produce agarase). In order to study the regulation of expression of 

the agarase gene and the process of secretion itself, the gene has been 

cloned from genomic DNA of S. coelicolor A3(2) into S. lividans TK24, 

employing the vectors pIJ61 and pW702. These clones and some of those 

obtained from subsequent subcloning experiments appear to respond normalw 

to catabolite repression, strongly suggesting that the regulatory sequences of 

the gene have also been isolated. The coding sequence of the agarase gene 

has been limited to a r e g i a  of about 1.8 kb. Examination of the culture 

broths obtained from the growth of several clones indicates that, in some, 

agarase constitutes over half of the total extracellular protein, The intra- 

cellular and extracellular forms of the protein have been partially purified 

8 

and subjected to SDS-PAGE. The extracellular enzyme appears to be about 

28-30 kb in size and that of the intracellular form slightly larger, suggesting 

the existence of a leader peptide analagous to those of other secreted proteins. I 0 1 8 h l l  



2 2 2  The ribosomal RNA genes of Streptomyces coelicolor A3(2) - 

H. A.  BAYLIS and M. J. BIBB 

John Innes Institute, Norwich, U.K. 

The 23S, 16s and 5s rRNAs of S. coelicolor were purified - 
from low melting point agarose and, after labelling with polynucleotide 

kinase and 32P, were used individually as  hybridisation probes against 

genomic DNA of S, coelicolor A3(2) that had been cleaved with a variety 

of restriction enzymes. Six sets of rRNA genes were detected. A 

mixture of 16s and 23s rRNA probes was also used to analyse genomic 

DNA ofs .  lividans 66 and Escherichia - -  coli. S. lividans gave an identical 
a 
' hybridisation pattern to that of - S. cdlicolor and the rRNA operons of 

-- E. coli could also be clearly identified, giving a characteristic but much 

weaker hybridisation pattern. 

Screening of a& coelicolor genomic library in phage EMBL4 

using 32P labelled rRNA has resulted in the identification of clones carrying 

rRNA genes. Subsequent restriction analysis and Southern hybridisation of 

the phage DNAs with 32P labelled - S. coelicolor rRNA has shown that at 

least four of the six sets have been isolated. One of these clones, 

RSC33, has been analysed further and the order of the genes on it 

determined by Southern hybridisation using purified r RNAs as: 16s - 235 - 
5s. The genes are closely linked; all three are  contained in a maximum 

of 5.5 kilobas es of DNA. 

Preliminary results using 32P labelled tRNA hybridised against 

either genomic DNA or X RSC33 DNA suggests that tRNA genes may be 

closely associated with the rRNA genes. The promoter regions and the 

chromosomal map locations of these genes are currently under study. 
1 0 1 8 4 1 8  



- 2 2 3  C h a r a c t e r i z a t i o n  and chromosomal mapping 
Of chloramphenicol  non-producing mutants of 

S - t rsptomyces  ----- venezuelae.  

$1, DOUZL, 6. ~ ~ ~ t a r o * ,  6 L.C. Yin ingl  
DeparGtzents of Y ~ S E O O ~ O K O , ~ ~ ,  dm k i o  logy 
d a l h u u i e  b n i v e r s L q .  d a l i f a x ,  X.S. C h i A D A  

Mutagenesis ~ I t h  UV(254arat), ZX3,  &?WP-MGV, gave rwelve indepewent 
mutants of S t r e p  toayces venailelan uum~lc  &a sye thes i ze  chloramphenicol.  f iu-  
t a n t s  C m l - 1  aad C m i - 1 2  were ao& w c ~ a i e r t  cboriomic a c i d  to p-aminopheny- 
l a l a n i n e ,  o u t  produced chLoranphenico1 when supp Lied wi th  E-aminopheny lala- 
nine.Hutants  C m l - 4 ,  CmL-5 ana C m l - 8  accumulated 2-aminophenyhlanine  and were 
probably o locked i n  the hydroxy l a t i o n  of E-aminopheny la Lanine t o  E-arntnophen- 
y l s e r i n e .  Cml-2 accumulated three nOn-ChLOriMted analogues of chlorampheni- 
col i n d i c a t i n g  that c h l o r i n a t i o n  of the 3-N-acyl group was blocked. The 
remaining s i x  mutants a i d  no t  excrete any a e t e c t a b k  d i rec t  or moaif iea  
precursor  of chloramphenicol.  

w i t h  a f e r t i l e ,  s t r e p t o m y c i n - r e s i s t a n t  ( s t r A )  derivative ( i JS206)  of a r e l a -  
t i ve ly  h igh- leve l  chLoramphePico1-producing strain, VS191 ( h i s - 6  a a e - l o ) ,  a 
p r o t o p l a s t  r egene ran t  of s t ra in  VSI13 i a e n t i f i e d  in pa tch  tests f o r  l e t h a l  
zygosis  and f e r t i l i t y -  Sttain V S Z O 6  was crossed w i t h  S ingly  auxotrophic  
d e r i v a t i v e s  of C m l - I ,  C m l - 5 ,  and Cml-7. I n  each c r o s s  the  c m l  mutat ion 
c o n s i s t e n t l y  m a p p ~  t3 the chromosome Wtween his-6 ana strA6. The o t h e r  n ine  
cml muta t iom were mapped to t he  s a m e  l oca t ion  us ing  p r o t o t r o p h i c ,  Sms CmL' 
mutants i n  c rosses  w i r h  VS206. This evidence f o r  chromosomally-loca tea 

true m r a l  genes c o n t r o l l i n g  chloramphenicol b iosyn thes i s  i n  S. venezuelae is 
c o n s i s t e n t  wi th  our  e a r l i e r  evidence a g a i n s t  involvement of detectable plasmia 
i n  t h i s  pathway. Also,  s t r a i n  VS19L and a f u r t h e r  L t z - s e n s i t i v e  d e r i v a t i v e ,  
VS194, synthes ized  chloramphenicol  i n  amounts similar to the p a r e n t a l  s t r a i n  
VSL13, sugges t ing  t h a t  presumptive loss of one o r  two p h y s i c a l l y  undetected 
f e r t i l i t y  plasmias  l ikewise  had no e f f e c t  on chloramphenicol o iosyn thes i s .  

Conjugat iona l  c r o s s e s  f o r  i n i  tfal chromosomal gene mapping wzre aone 
- -- 

- 
- 
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2 2 4  Exocellular Esterase Production by Phytopathogenic Streptomyces - 
7 2 

2 Janet L. Schottel', Leann Fanty and Ross McQueen' 
Department of Biochemistry 
University of Minnesota, St. Paul, MN 55108 

and Department of Plant Pathology 

Streptomyces scabies is a gram positive soil bacterium that is 
pathogenic on pota-rs. 
underground plant parts, composed of the polyester compound suberin, may 
be a necessary prerequisite to invasion by this organism. 
similar type 'of polyester compound that covers the aerial parts of plants. 
Esterases that are secreted into the growth medium may be related to the 
penetration of these polyesters by the bacterium. We have isolated nine 
different strains of S. scabies from scab lesions on potato tubers and have 
tested them for their35lity to produce exocellular esterases. 

Penetration of the protective covering on 

Cutin is a 

The Stre t ces isolates were grown on a variety of different 
compounds + as car on sources to test for specific induction of esterases. 
These carbon sources included glucose, glycerol, chitin, cellulose, docosane, 
octadecane, n-nonocosane, lauric acid my-ristyl ester, pa9itic acid methyl 
ester and cutin. The substrates used for the enzyme assay were p-nitro- 
phenylbutyrate (PNPB) and p-nitrophenylpalmitate (PNPP) . 
four of the isolates produced an exocellular esterase that utilized either 
PNPB or PNPP as a substrate; 
both compounds as substrates. Organisms grown an cutin as a sole carbon 
source produced five to ten times more esterase then organisms grown on 
the other carbon sources. No detectable esterase activity was observed 
when the bacteria were grown with glucose or glycerol as the sole carbon 
source. 
organisms were grown on cutin plus glucose; 
was found to prevent the repression by glucose. 

We found that 

two of the isolates were able to utilize 

The exocellular production of esterase was repressed when the 
CAMP added to the culture 
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Use of the E. coli galactokinase gene for the isolation and characterization 225 - -  - of Streptomyces promoter sequences 

Mary E. Brawner*, Jeffrey I. Auerbach, Martin Rosenberg, and Dean P. Taylor 
Smith Kline & French Laboratories, 1500 Spring Garden Street, Philadelphia, 
PA 19101 

Streptomyces are gram positive soil bacteria which undergo a complex 
developmental cycle and are responsible for the production of the majority of 
the clinically significant antibiotics. 
developmental cycle are genetically regulated processes that are attractive 
model systems for the study of gene regulation in the actinomycetes. 
Unfortunately, many of the genes involved in antibiotic biosynthesis have not 
been characterized and their gene products are not easily detected. 

Antibiotic production and the 

In procaryotes and eucaryotes, promoter sequences which regulate genes 
whose products are not readily assayable have been characterized using 
transcriptional fusions. 
the promoter sequence at a site upstream of a gene which encodes an assayable 
product in plasmids referred to as promoter probe vectors. We have developed 
Streptomyces promoter probe plasmids which contain the E. coli &K gene. The 
plasmids are E. coli-Streptomyces shuttle vectors which-permits the rapid 
assembly and characterization of the plasmid constructions in E. coli followed 
by transformation into Streptomyces for functional analysis. The galK gene is 
preceded by a series of unique cloning sites and a fragment, containing the 
tR1 transcription terminator of coliphage lambda, which prevents readthrough 
transcription into &K. To test the utility of the promoter probe vector 
fragments thought to contain Streptomyces promoter sequences were inserted 
into the cloning sites preceding @K. 
B-gal gene system of 2. lividans and a second fragment contained the promoter 
from the S. fradiae aph gene. Both fragments stimulated transcription of the 
&K gene-when inserted in the correct orientation but did not promote &K 
expression in the opposite orientation. 
s. lividans from the E. - -  coli gene had the same electrophoretic mobility as 
galactokinase purified from E. coli and can be detected enzymatically and 
immunologically. 

The fusions can be constructed in vitro by inserting -- 

- 
- -  

One of the fragments was from the 

The galactokinase produced in 
- 

S. lividans naturally produces a galactokinase necessitating the isolation 
of agalactoklnase deficient derivative for these studies. 
mutant of 2. lividans was isolated by W mutagenesis of a spore suspension and 
selected on 2-deoxygalactose to inhibit the growth of cells that produce 
galactokinase. 
expression of the E. coli galK-gene. 
media containing galactose as the sole carbon source or on a pH indicator 
plate which can distinguish gal' versus gal- cells. 
selection for expression of galactokinase in - -  E. coli require complementation 
of the host galactokinase mutation by expression of &IC from pK0 plasmids. 
These selection systems have proven useful for studying promoter sequences 
cloned into the pK0 promoter probe system. 
negative selections and the pH indicator medium for the isolation and 
manipulation of Streptomyces genetic regulatory elements will be presented. 

A galactokinase 

'Ihe mution in S. lividans 1326/12K- is complemented by 
Complementation is observed on minimal 

Positive and negative 

h e  potential of such positive and 

03978 
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2 2 6  Isolation and Characterization of a New Actinophage 
(dSE1) for Streptomyces erythreus. A.  D .  GRUND' and 

C.  R .  HUTCHINSON. School of Pharmacy, University o f  Wis- 
- 

- 
consin, Madison 53706. 

Streptomyces erythreus N R R L  2338, a s t ra in  t h a t  i s  r e s i s t -  
a n t  t o  infection by several of  the well-known actinophages. 
I t  exhibited l y t i c  growth  on eight s t ra ins  o f  S.  erythreus 
and temperate growth  on two other s t ra ins ,  b u t  did not i n -  
f e c t  31 other species o f  Stre tom ce P l a q u  formation 
was stimulated by the presence --%%& o and  Mg5+ ions. 
Electron microscopy revealed the intact  phage virions t o  
have a hexagonal head out l ine (55 nm w i d t h ) ,  ringed t a i l  
(130 nm l e n g t h ) ,  and  three or  four short t a i l  f ibers .  
phage genome was found t o  be l inear ,  double-stranded DNA 
w i t h  a s ize  of ca. 41.5 kb as determined by electron micros- 
copy. Data from agarose gels indicated three or fewer cut- 
t i n g  s i t e s  f o r  several r e s t r i c t i o n  endonucleases including 
EcoRI, BglII, ClaI, Hind111 and S t u I ,  and provided a r u d i -  
mentary genomic physical map. No evidence for cohesive 
ends was found by two d i f fe ren t  methods. These and other 
r e s u l t s  suggest a headful packaging mechanism for  BSE1.  
Studies of i t s  natural var iants ,  deletion mutants con- 
structed i n  vitro,  and genetic properties are in progress 
w i t h  anticipation t h a t  t h i s  new actinophage will be useful 
i n  studies o f  the genetics and biochemistry of macrolide 
a n t i b i o t i c  formation i n  S. erythreus s t ra ins .  

A new actinophage, dSE1, was isolated from soi l  on 

The 

227 A Model System fo r  S t u d y i n g  the Genetics a n d  Biochem- 
istrv o f  Anthracvcl ine Antibiotic Formation. Mutants o f  
Tetracenomyci n C- Biosynthesis i n  Streptomyces g l  aucescens. 
H.  MOTAMEDI. E. WENDT-PIENKOWSKI, a n d  C . R .  HUTCdINSON. 
School of Pharmacy, University o f  Wisconsin, Madison, W I  
53706. 

Streptomyces glaucescens GLA.0, which produces tetracen- 
omycin C (TCM C )  an anthracycline ant ibiot ic  w i t h  a n t i t u m o r  
properties,  was treated w i t h  NTG, UV a n d  DES singly as well 
as i n  pairwise combinations and the surviving colonies 
screened by bioassay against  S .  coelicolor Mlll. 
non-producing (tcm) - mutants  resulted a t  an  average frequen- 
cy o f  0.1% (single treatment).  
of EtOAc extracts  o f  these mutants grown i n  liquid culture 
revealed the accumulation of  several putative intermediates 
o f  the TCM C biosynthetic pathway,  as well as new compounds 
n o t  present i n  the wild-type strain.  
apparent accumulation o f  TCM C biosynthetic intermediates 
a l s o  were f o u n d .  The mutants had wild-type growth ,  sporu- 
l a t i o n  and TCM C resistance properties. Classification of  
these mutan t s  i n t o  secretor-convertor groups using cosyn- 
thes i s  a n d  precursor feeding experiments i s  being studied. 

Protoplasts of the GLA.0 s t ra in  can be transformed e f f i -  
c ien t ly  w i t h  two Streptomyces plasmid cloning vectors, 
pIJ702 and pIJ922. These vectors and  others under investi-  
gation will be used w i t h  the tcm m u t a n t  s t ra ins  i n  future 
cloning and f u n c t i o n a l  s t u d i e s f  t h e  genes governing the 
biosynthesis of TCM C .  

Stable,  

T h i n  layer chromatography 

Mutants w i t h  no 
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. 228 Mutation, recombination, and gene mapping in the erythromycin - 
producAng bacterium, Streptomyces erythreus NRRL 2338. 
Weber, C.Y. Wierman, and C.R. Hutchinson. University of 
Wisconsin, Madison, WI 

J.M. 

Streptomyces erythreus NRRL 2338 produces erythromycin A ,  a 
macrolide antibiotic of longstanding medical importance since its 
discovery in 1952. In addition to the industrial significance of 
genetic research in this organism, important biological questions 
may also be addressed relating to the organization and 
developmental control of the expression of antibiotic biosynthetic 
genes. This is a report of the first genetic study in S .  
erythreus NRRL 2338 and the development of a genetic syztem in 
this organism to study erythromycin biosynthesis. 

were isolated followingultra-violet light and chemical mutagenic 
treatments. These mutants were found to be blocked at four 
different stages in erythromycin biosynthesis based on results 
from antibiotic co-synthesis assays, identification of 
erythromycin pathway intermediates in growth media, and 
biotransformation of pathway intermediates by the mutants. Twenty 
types of auxotrophic mutations, four types of drug-resistance 
mutations, and two types of morphological mutations were also 
found . 

Mutant strains of S. erythreus unable to produce erythromycin 

A natural form of genetic recombination was demonstrated in 
- S. erythreus through conjugal mating experiments in which stable 
prototrophic progeny were isolated from mixed cultures of 
auxotrophic parent strains. 
were then obtained through analysis of selected haploid 
recombinants from four and five-factor crosses. A genetic map 
including thirteen mutations arranged in a circular sequence was 
produced from the combined results of these crosses. 
mutations that blocked erythromycin biosynthesis in formation of 
the erythronolide macrolactone mapped to the same interval on the 
chromosome. Other preliminary results suggested that these and 
other mutations in macrolactone synthesis are located very close 
to one another. 
erythromycin sugars also appeared to be located on the chromosome, 
but are probably not close to the mutations in macrolactone 
synthesis. 

Quantitative data on recombination 

Two 

Mutations affecting biosynthesis of the 
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229 CHEMICAL AND GENETIC ANALYSIS OF ACTINORHODIN - 
BIOSYNTHESIS I N  Streptomyces c o e l i c o l o r  

S h e r i  P. Cole, Xian-Guo He, Brian A, M. Rudd, Paul  J. Kel l e r ,  

Ching-jer Chang and Heinz G. Floss 

Streptomyces species produce about  two-thirds  of  t h e  wor ld ' s  a n t i b i o t i c s ,  

y e t  l i t t l e  work h a s  been done on t h e  g e n e t i c s  of t h e  producing organism, 

e s p e c i a l l y  w i t h  r e s p e c t  t> biosyn thes i s ,  Streptomyces c o e l i c o l o r  is t h e  

g e n e t i c a l l y  b e s t  c h a r a c t e r i z e d  actinomycete,  wi th  ove r  one hundred genes 

mapped to i t s  c i r c u l a r  chromosome. The genes c o n t r o l l i n g  t h e  b i e s y n t h e s i s  o f  

ac t ino rhod in  ( 1 ,  f i g u r e  3), an acid-base i n d i c a t i n g  a n t i b i o t i c ,  have been 

mapped t o  a s h o r t  segment on t h i s  chromosome. 

d e f e c t i v e  i n  a c t i n o r h o d i n  b iosyn thes i s  were i s o l a t e d  and grouped i n t o  seven 

k l a r g e  number of mutants 

c l a s s e s  by Rudd and Hcpuood (1 ) .  The c l a s s i f i c a t i o n  was based on each mutant ' s  

a b i l . i t y  t o  sec ,*e te  o r  

a s  shown below: 

I ,  I 1 1  

B 1 8 ,  B41 

conver t  an  in t e rmed ia t e  i n  t h e  b iosyn thes i s  to ac t inorhodin ,  

CLASS 

v i 1  IV V I  V 

B40 B17 B 2 2  B1 
+ M CI-) ACTINORHODIN 

TYPE STRAIN 



229 cont. - 

Two c l a s s e s  which s e c r e t e  i n t e r m e d i a t e s  were s tud ied  ( I ' d  and V ) ,  and t h e  

r e s u l t s  of  t h e s e  i n v e s t i g a t i o n s  a r e  t h e  s u b j e c t  o f  t h i s  a b s t r a c t .  

The s t r u c t u r e  o f  an uns t ab le ,  yellow i n t e r m e d i a t e  produced by B l ,  a c l a s s  V 

Comparison o f  i t s  UV-visible spectrum wi th  r e l a t e d  

The 

rnu-ant, has  been dptermined. 

a n t i b i o t i c s  (2 ) ,  s u g g e s t s  t h e  presence of an oxid ized  naphtha lene  s k e l e t s n .  

I R  of  this i n t e r m e d i a t e  g ives  evidence f o r  conjugated carbonyl  (1643 cm-' ), 

hydroxyl ( 3433 cm-' ) and ca rbcxy l i c  a c i d  (1716 cm" ) groups.  

d a t a  came from li-INMR experiments,  some of  which are summarized i n  f i g u r e  1.  

The bulk of t he  

S ing le  f requei-cy decoupl ings  of t h e  resonances a t  7.397, 6.747, 6.789 and 6.270 

ppm were used t o  e s t a b l i s h  t h e  c o n n e c t i v i t i e s  of  t h e s e  pro tons .  Addi t iona l  

decoupl ing experimen%s a t  4.761ppm and a t  6.270 ppm gave informat ion  on t h e  

ctruct.urt!  and p o i n t  o!' at tachment  of  t h e  a l i p h a t i c  p o r t i o n  o f  t h e  molecule. 

'The o t h e r  compound we have i s o l a t e d  i s  produced by WO, a c l a s s  I V  mutant 

which i s  t h e  f i rs t  s e c r e t i n g  s t r a i n  o f  t h e  sequence. This  compound i s  no t  an 

a c t i v e  i n t e r m e d i a t e  i n  t h e  b iosyn thes i s ,  but r a t h e r  a shunt  p roduc t  which i s  

r e l a t i v e l y  more s t a b l e .  L i k e  ac t ino rhod in ,  i t  i s  produced from e i g h t  acetate 

u n i t s ,  b u t  t h e  c y c l i z a t i o n s  have occurred  a t  d i f f e r e n t  p o s i t i o n s  on t h e  poly- 

k e t i d e  chain.  

cm 

summarized i n  figure 2. 

aromatic  p o r t i o n  o f  t h e  molecule cannot be determined wi th  c e r t a i n t y  from t h e  

above t echn iques  o f  a n a l y s i s ,  and awaits X-ray d i f f r a c t i o n  f o r  f i n a l  c l a r i f i c a t i o n .  

The IH spectrum i n d i c a t e s  a carbonyl  s t r e t c h i n g  band a t  1678 
-1 and a c a r b o x y l i c  a c i d  0-H s t r e t c h  a t  3095 an-'. 'HNMR and 13CNMR d a t a  are 

The p o i n t  of  a t tachment  of t h e  s i d e  cha in  to t h e  

A p a r t i a l  scheme can be drawn for ac t ino rhod in  b i o s y n t h e s i s ,  as shown i n  

l ' i p r e  3. Much work remains t o  be done concerning t h e  i n t e r m e d i a t e  s t e p s  of 
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Figure 2. Some N M H  data of the B40 shunt product. A .  'HNMR in DMSD-d6, 

B.  '~CNMR i n  C D ~ O D .  
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F p r e  3. P i o s y n t h e t i c  scheme f o r  actinorhodin. 

OH OH 

C", HO 
COOH 

HO * 
- 2 

OR 

L 

OH 0 

ti COOH 

HO 0 
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actinorhodin b i o s y n t h e s i s ,  and with the  a i d  of blocked mutants, e luc idat ion  

of these  intermediate s t ruc tures  may be poss ib le .  

3 1 
Figure 1 .  Some HNMR data  of the B1 intermediate in CDCl 

B i 

OH 

HEFLF.EN C'ES 

1 .  

2. 

Rudd, E. A .  M. and D. A. Hopwood, J. Gen. Microbiol.  114, 35-43 (1979). 

Tanaka, H . ,  Y. Koyma, J. Awaya, H. Marumo, R.  O i w a ,  M .  Katagiri ,  T. Nagai 

and S. hura,  J. A n t i b i o t i c s  - 28, 860-867 (1975). 
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230 - Abstrac t  f o r  Bloomington ASM Meeting 

J .  S.  F e i t e l s o n  

Medical Research D iv i s ion ,  American Cyanamid Company 
Leder le  Laborator ies,  Pearl R iver ,  NY 10965 

The produc t ion  of  t h e  r e d  pigmented an ti b i  o t i c  produced by Streptomyces 

c o e l i c o l o r  A 3 ( 2 ) ,  undecy lp rod ig ios in ,  was s tud ied  us ing  molecular  genet ic  and 

biochemical techniques. 

several s p e c i f i c  muta t ions  i n  the - red gene c l u s t e r .  Subcloning experiments 

a l lowed the phys i ca l  mapping of each r e d  gene (redA, - 6, E, and F )  t o  d i f f e r e n t  

reg ions w i t h i n  t h e  c loned segments. Muta t iona l  c l o n i n g  i n  the  actinophage jK31 

suggested t h a t  t he re  a re  a t  l e a s t  two t r a n s c r i p t i o n  u n i t s  i n  the  - r e d  region.  

Over 21  Kb of genomic DNA was c loned which "complemented" 

Biochemical s tud ies  us ing  sonicated e x t r a c t s  o r  g e n t l y  p ro top las ted  c e l l s  

i n d i c a t e d  t h a t  t he re  were two forms o f  O-methy l t ransferase a c t i v i t y  on gel 

f i l t r a t i o n  columns: a very  h igh  molecular  weight  peak (>5x10 d) and a 49 Kd 

peak. Ana lys is  o f  e x t r a c t s  from - red mutants were cons is ten t  w i t h  the  idea t h a t  

these two forms are  r e l a t e d ,  and t h a t  a t  l e a s t  bo th  - redE and - redF gene products 

a re  necessary f o r  f u n c t i o n a l  O-methyltransferase a c t i v i t y  i n  v i vo .  Lack o f  

f u n c t i o n a l  a c t i v i t y  o f  t he  - redE gene i n  a hetero logous host, - S. qlaucescens, 

prov ided a d d i t i o n a l  suppor t  f o r  the necess i ty  o f  a b i o s y n t h e t i c  complex i n v o l v i n g  

several - r e d  gene produc ts  f o r  e f f i c i e n t  expression. 

6 

Fermentat ion experiments i n  l i q u i d  p roduc t i on  media extended the  observat ion 

o r i g i n a l l y  made i n  S e r r a t i a  marcescens t h a t  p r o d i g i o s i n  compounds are  c l a s s i c  

examples o f  "secondary" metabo l i tes .  The s p e c i f i c  a c t i v i t y  o f  O-methyl t ransferase 

r i s e s  a f t e r  a l a g  w i t h  biomass and peaks a t  the  onset  o f  a n t i b i o t i c  product ion.  

Thus, understanding the  mechanisms o f  genet ic  r e g u l a t i o n  o f  undecyl p r o d i g i o s i n  

b iosyn thes i s  i n  - S .  c o e l i c o l o r  may have r e  evance t o  o the r  a n t i b i o t i c  p roduc t ion  

pathways, and perhaps t o  secondary metabo ism i n  genera l .  
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Development of Streptomyces toyocaensis as a Gene Cloning System. 

Lilly and Company, Indianapolis, Indiana 46285. 

- 231 MICHAEL D. JONES AND JEFFREY T. FAYERMAN, Lilly Research Laboratories, E l i  

Streptomyces toyocaensis, a producer of a glycopeptide like antibiotic, 
was examined for its potential as host organism in a gene cloning system. 
Parameters examined included the ease with which protoplasts could be 
obtained, the regeneration frequency of the protoplasts, and the ability of 
the protoplast to take up covalently closed circular DNA (cccDNA) by 
polyethylene glycol mediated transformation. 
preparation, regeneration.and transformation of S. toyocaensis differ from 
published methods for manipulating other streptomyces species. 
determined that optimal protoplast regeneration is obtained when 
protoplasts are prepared at room temperature by lysozyme treatment of 
mycelia grown at 37 degrees in media containing 0.4 percent glycine. 
Protoplasts regenerate after approximately three days incubation at 30 
degrees. Transformation by cccDNA is linear with respect to the 
concentration of DNA i i l  a range of 5 ng to-5 pg per assay. The addition of 
calf thymus DNA had no appreciable effect on transformation although it has 
been shown to increase transformation frequency in some systems. Protamine 
sulfate, which increases transformation frequency in - S .  fradiae and - S. 
ambofaciens, was detrimental to transformation of S .  toyocaensis. 
Currently, under optimum conditions, 1 x lo5 transformants per pg cccDNA 
are obtained using approximately 1 x lo9 - S. toyocaensis protoplasts. 

Procedures for protoplast 

It was 

232 - Heterologous Promoter Recognition by Streptomyces ambofaciens. 
MARK A. RICHARDSON, RAMAMOORTHY BELAGAJE and JEFFREY T. FAYERMAN, Lilly 
Research Laboratories, Eli Lilly and Company, Indianapolis, Indiana 46285. 

Plasmids have been constructed using the Bacillus subtilis veg 
promoter to drive expression of heterologous genes in Streptomyces. 
Streptomyces ambofaciens transformants were selected for expression of 
either the Escherichia coli B-galactosidase or hygromycin 
phosphotransferase gene. 
indicated that expression driven by the veg promoter may be greatly 
enhanced during late stationary phase. A synthetic promoter, closely 
resembling the veg promoter, was prepared and was also shown to drive 
expression of the hygromycin phosphotransferase gene in S .  ambofaciens. 
The synthetic promoter is contained on a 72 base pair EcoRI-BamHI fragment 
with an internal H Z I I I  site separating the promoter and theibosome 
binding site. 

Assays of hygromycin phosphotransferase activity 
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Streptomyces venezuelae  ATCC 15fh8 is a wrsar:iLe producer J E  macro- 

l i d e  monoglycosides inc lud ing  t h e  i. 2 mzs&eted.  L ' O I Z S ~  ituen:s of the 

methymycin conplex and the  1 4 1 ~ e m b e r ~ d  r m g e n e o - 1  of pslkrmrycin- 

Colonies of the  parent s t r a i n  after t reazolEnB ~ 5 t h  %-thjL-N'-nitrri- 

N-nitrosoguanidine were screened f o r  naa-ptobCrcers. Iheue. w e r e  fur'ther 

separated i n t o  aglycone  producers (el*) and aglycone non-producers 

(&La). 

interxediates (Sug+) a n d  for  t h e  g l u c o s y l r r a n s f e r a s e  a c t f v i  t y  (Gte;) 

'be la t ter  were then assayed for production of the sugar 

Jaz. S. L i ~ ~ p o l  and N i l  I jam R .  S t r c j h l ,  

Department o f  Microbiolagv, The Ohio S t a t e  Universl t ; , ,  
414 W .  12th  H V ~ .  Columbus, 3H 43218. 

The anthracn,*c l  i n e - p r o d u c i n g  StrePtomvces eucet 1 up an- 
Streptom,:,.~ceg CS cover-pr oducar of f - rhodf imyci  none) WQF& cc~rlver t e a  t:.  
pro tc lp l  a s t s  f r o m  t v e g e t a t i v e l y  growing m,ical i 3. Condl t i o n s  BF* 
d e s c r i b e d  f o r  ma:d:im?.l p r o t o p l a s t  formrticln (:,5"9%) and Cor Pegencrat3W 
+requenc ies  ove r  Sa%. Strep tomycete  plasmids PILI 61,  pIJ  361, and 
782  w e r e  i s o l a t e d  tram S. 1 i v i d a n s  1326, & h J  success fu l  I Y  i n t roduce:  
i n t o  2. peucetius and Streptomyces C 5  bv p o l y e t h y l e n e  g l y c o l  (PEG 
as.5. i 5. t ed Frequenc ies  
t r a n s f o r m a n t s  per ~ . J Q  o f  p lasmid  DNA were a c h i e v e d  by these procedures.  
The  p l a s m i d  DNA i s c f l a t e d  .From a f e w  r a n d m l * i .  s e l e c t e d  t ransformants 
was ana 1 yzed by agarose gel e l  ec t r-clphoresi s . R e s  t r  i c t i on endonuc 1 ease 
d i  qes  t i ctn ctf these recove red  p l  asmi d s  i n d i c a t e d  t h a t  the twc - . m t h r a c y c l  I r le -p roduc ing  s t r a i n s  can s t a b l y  harbor  the  p lasmids w i t h o u t  

0 d e l e t i o n  of  p lac.mid sequences. o r  lors  o+ t h e  plasmids f o r  up t o  three 
2 trar- lster-3 thrduqh s e l e c t i o n  media. s. QeUCetiUg and StreDtomvceL c5 
a3 mvcel la ~..oer.e a1z.o r.ensi t i v e  t o  i n f e c t i o n  b y  act inophage 6C31 and i t s  
F der iv3.t ive K C 4 8  1 . Fur- thermore, p r o t o p l  a s t s  of these s t r a i n s  \Mere 
9 t r a n s t e c t e d  t,ji t h  8C51 and KC481 CNA u s i n g  PEG-assisted p r o t o p l a s t  

t r a n s + e c t i o n .  Opt imal condi t i m s  were detcrrmined f o r  t r a n s i e c t i o n  of 

of  u p  t o  It pr o t op 1 as t t r an c, f or ma t i on . 

- 
the  p rc l t op l  a s t s .  



FROM THE ANTRAC'Y'CL INE PRODUCER STREPTOMYCES GAL1 LHEUS ATCC 3 1 133 

Sabine P.  F51 ocher, Jay S .  Lampel,  and Wi 1 1  iam R. Strohl 

Department of Microbiologv, The Ohio State Universitv, 
414 1.1. 12th Rve. C.olumb~s, OH 43216. 

A new temperate bacteriophage was isolated f r o m  Streptomyces 
~ a l i l a e u s  ATCC 31133 by crossing with various species of Streptomyces.. 
Sensitive hosts became lysogenized and yielded turbid plaques of 2 to 
3 mm i n  diameter. The bacteriophage can be propccgnted in liquid 
culture and on solid TT:saia by standard infection, w i t h  a pH optimum o f  
6.8 to 7 . 8 .  The phage is not *rficiently induced t l l . 8  mitomycin C or  UU 
irradiation. Host range analysis i r l a L . = a t e , j  t h a t  16 28 specle5 a+ 
$8treptomiyCeS. tested 1:Jere SeT15i tiV@ to irltr=ci,n s.ul ld med1,jrl. 
Streptomyces 1 idivans and 2. cOQ1 1COl Or ih3(2:) str pi1 18, pl130, and 
M i 2 4  were among those not infected by t h ~ c ,  new actinophage. pur.,fled 
phage particles were examined by electron microscopy. Morpholosical 1 - i  
this. actinophage belongs t o  Group of Bradley;': classification. I t  
h a s  an icosahedral head and a lung noncontractile t a l l  w i t h  ~ r n ~ l l  
terminal appendages. The qenome length of the phage was. ec.t1r1ated ti). 
restriction endonuclease digestion and agarose gel electrophoresis and 
was determined to be 29 to 31 k b .  T h i s  phage was r e s . t r ~ c t e d  t i v  Sal I !  
PVU 11, and A l u  I b u t  in all cases yielded many rertriction fragments.. 
t x l o  si tez. were detected f o r  BnmH I ,  Hind I I I ,  F'st I ,  E.91 I I ,  Xba I ,  and 
Bcl 1 1 .  
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2 3 6  - DEVELOPHENT OF GENETIC MANIPULATION SYSTEXS FOR THERMOMONOSPORA 

Kenneth A. Pidcock, Bland S. Montenecourt, and Jeffrey A .  Sands 
Department of Biology, Lehigh University, Bethlehem, P A .  18015 

Thermophilic actinomycetes are of significant scientific and industrial in- 

terest as producers of thermostable hydrolytic enzymes and antibiotics. One 

particularly interesting genus is Thermomonospora, several species of which 

have been shown to produce an efficient cellulase complex. While some aspects 

of the molecular biology of thermophilic actimomycetes can be studied by gene 

cloning into E. coli and Streptomyces, the development of endogenous cloning 

and genetic manipulation systems will be required for optimum strain development. 

Starting from procedures devised for Streptomyces, we have developed proto- 

cols for efficient protoplast production and regeneration for Thermomonospora 

fusca, routinely obtaining protoplast suspensions of 10 /ml and regeneration 

frequencies of 0.1%, similar to values reported for other actinomycetes. Proto- 

8 

plast fusion followed by genetic recombination has been demonstrated with auxotro- 

phic and drug resistant mutants of Thm. fusca. 

Procedures for transformation and transfection of protoplasts of -. fusca 

and another thermophilic actinomycete, Saccharomonospora viridis, are being de- 

veloped using plasmids and phages of Streptomyces (obtained from D. Hopwood) and 

- Sam. viridis. 

being isolated from environmental samples. Screening of thermophilic actino- 

Additional plasmids and phages of thermophilic actinomycetes are 

mycete isolates for the presence of plasmids has been greatly facilitated by a 

procedure which we have developed that yields ccc DNA preparations free of 

chromosomal DNA without ultracentrifugation. 

The development of procedures for protoplast production and regeneration, re- 

combination following protoplast fusion, and transformation and transfection 

provides a foundation for the development of endogenous gene cloning systems in 

thermophilic actinomycetes. 
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237  E f f i c i e n t  Transformation o f  Streptomyces amhofaciens and 
S t r e  tom ces f r a d i a e  p r o t o p l a s t s  by plasmid DNA. * I MA U H m  RICHARC H. BALTZ, L i l l y  Research Laborator ies,  E l i  PA 

- 

L i l l y  and Company, I nd ianapo l i s ,  Ind iana 46285. 

Condi t ions f o r  e f f i c i e n t  t rans format ion  of Streptomyces arnbofaciens 
and S t r e  tomyces f r a d i a e  p r o t o p l a s t s  by  plasmid DNA have been 
i d e n t i  A n m i o n  i e  frequences were i n f l uenced  b y  the  
temperatures f o r  c e l l  grawth, p r o t o p l a s t  format ion and p r o t o p l a s t  
regenerat ion;  b y  t h e  grcwth phase of t h e  c e l l s  be fore  p ro top las t i ng ;  by 
t h e  concent ra t ion  o f  p r o t o p l a s t s  i n  the  assay; b y  sodium c h l o r i d e  or  
sodium acetate concent ra t ion  and by t he  source and concent ra t ion  o f  
po lyethy lene g l y c o l ,  t he  t ransformat ion inducing agent. Transformation 
frequences were enhanced about 10-fold b y  adding hetero logous DNA and 
protamine s u l f a t e  t o  the  t rans fo rma t ion  assay. Under optimum cond i t ions ,  
- S. f r a d i a e  and S. ambofaciens p r o t o p l a s t s  were t ransformed w i t h  plasmids 
D F J ~  ~15782  a t  f requencies of 1.5 x lo6 t o  1.5 x lo7  
t ransformants lug DNA. 
100- fo ld  lower e f f i c i e n c y  m J 1 0 5  i s o l a t e d  from S. arnbofaciens r a t h e r  
than S. f r ad iae ,  suggesting t h a t  S. f r a d i a e  possesses a 
restrTction/modification system(sT. 
d e f e c t i v e  i n  r e s t r i c t i o n  and more e f f i c i e n t l y  t rans formab le  by th ree  
d i f f e r e n t  plasmids have been i s o l a t e d  and p a r t i a l l y  character ized.  

S.' f r a d i a e  p ro top las ts  were t ransformed a t  a 

Mutants o f  S. f r ad iae ,  p a r t i a l l y  

238 Development of Alkaline Phosphatase as a Model System for the Analysis of 

Gene Expression in Streptomyces. P. SOLENBERG, P. MOONEY and N. A. SCHAUS, 

- 

Lilly Research Laboratories, E l i  Lilly and Company, Indianapolis, Indiana 

4 6 2 8 5 .  

To study the regulation of gene expression in Streptomyces, we have 

developed alkaline phosphatase as a model system. Analysis of  the 

regulation of alkaline phosphatase gene expression may provide information 

on the more general mechanisms utilized by Streptomyces to regulate gene 

expression. When Streptomyces ambofaciens 15154 is grown under conditions 

of phosphate limitation, two alkaline phosphatase activities can be detected 

- which differ in thelr localization and time of appearance. One activity is 
0 
2 produced during vegetative growth in a semi-synthetic medium and is found 
03 

released into the growth medium. When cells are grown in a minimal salts E 

-0 
E medium a second activitv is produced late in the growth cycle. This 

activity is found outside the cell but cell associated. Both alkaline 

phosphatase activities have been purified and their relatedness analyzed. 
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IDENTIFICATION OF TWO mRMS OF XVA P O L Y X R G E  ?RON STRFTOYYCES COELICOLOR THAT DIFFER IN 

THEIR PROMOTER R E C O G N I T I O N  SPECIFICITY AND THEIR SIGNA SUBUYITS: J a n e t  Westpheling, 

3epartment  of C e l l u l a r  and Developnental  Biology, Harvard U n i v e r s i t y ,  Cambridge, 

Yassac huse t ts  

Streptomyces c o e l i c o l o r  c o n t a i n s  a t  least  two f o m s  of RNA polymerase which a r e  

d i s t i n g u i s h a b l e  by t h e i r  a b i l i t y  t o  u t i l i z e  r e p r e s e n t a t i v e s  of d i f f e r e n t  promoter c l a s s e s  

from B a c i l l u s  s u b t i l i s .  

S. c o e l i c o l o r  w e  employed two w e l l  c h a r a c t e r i z e d  t empla t e s  from B. s u b t i l i s  k m m  as veg m.4 

ctc.  

i n  v e g e t a t i v e  ce l l s  ( E 8  ) and has  an "E. c o l i  l i k e "  r e c o g n i t i o n  sequence. 

promoter sequence and is u t i l i z e d  by a minor form of RNA p o l p e r a s e  (Ea 

To examine promoter r e c o g n i t i o n  s p e c i f i c i t y  of R!A polymerase from 

- - 
The veg promoter is u t i l i z e d  i n  E. s u b t i l i s  by t h e  predominant f o m  of RNA polymerase 

c t c  has  a novel 

- - 
5 - 

37 ).  Using and 

- c t c  c o n t a i n i n g  D N A s  as templa tes ,  p a r t i a l l y  p u r i f i e d  p r e p a r a t i o n s  of RNA polymerase from - S .  

c o e l i c o l o r  were assayed by i n  v i t r o  run o f f  t r a n s c r i p t i o n .  

i d e n t i f i e d  which correspond t o  t h e  

Two forms of enzyme were -- 
and Ed7 forms of - B. s u b t i l i s  holoenzyme i n  t h e i r  

promoter r ecogn i t ion  s p e c i f i c i t y .  

have t h e  same subun i t  composition of core  RNA polymerase ( b e t a ,  b e t a  prirne and a lpha)  

c h a r a c t e r i s t i c  of p roka ryo t i c  RNA polymerases. I n  a d d i t i o n  t o  t h e  core  subun i t s ,  s e v e r a l  

Fu r the r  p u r i f i c a t i o n  of t h e s e  enzyrnes revea led  t h a t  they 

minor bands w e r e  observed t o  copur i fy  wi th  t h e  t r a n s c r i b i n g  a c t i v i t i e s .  I n  he te ro logous  

complementation experiments  i n  which these g e l  p u r i f i e d  polymerase a s soc ia t ed  p r o t e i n s  from 

- S. c o e l i c o l o r  w e r e  t e s t e d  for t h e i r  a b i l i t y  t o  s t i m u l a t e  and ~ e g  t r a n s c r i p t i o n  i n  t h e  

presence  of core  RNA polymerase from E. s u b t i l i s  i n  i n  v i t r o  t r a n s c r i p t i o n  a s says ,  it was 

p o s s i b l e  t o  i d e n t i f y  sigma f a c t o r s  f o r  veg and - c t c  t r a n s c r i p t i o n .  

d i r e c t e d  by a p r o t e i n  of approximately 35,000 d a l t o n s  (Ed ) and 

-- 
veg t r a n s c r i p t i o n  is  

t r a n s c r i p t i o n  is  5 

41 d i r e c t e d  by a p r o t e i n  of approximately 41,000 d a l t o n s  (Eo 

t r a n s c r i b i n g  a c t i v i t i e s  t o  i d e n t i f y  and c h a r a c t e r i z e  a Streptomyces promoter with a novel  

). We have used t h e  3 and & 

r e c o g n i t i o n  sequence (Ranes and Hestphel ing,  a b s t r a c t  t h i s  meeting) . 
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IDENTIFICATION AND CHARACTERIZATION OF A NON-E. COLI-LIKE PRgMOTSR FROM STREPTOMYCES: Monica 

Ranes and J a n e t  'destphel ing,  Department of  C e l l u l a r  and Developmental Biology, Harvard 

U n i v e r s i t y ,  Cambridge, Massachuset ts  

We have i d e n t i f i e d  and c h a r a c t e r i z e d  t h e  promoter r eg ion  of t h e  endoglycosidase H gene of 

Streptomyces p l i c a t u s .  

was c loned  by P h i l l i p s  Robbins and his c o l l a b o r a t o r s  ( J B C  - 256: 10540). 

a n a l y s i s  w i th  RNA i s o l a t e d  from - S. plicatus i n d i c a t e d  t h a t  t r a n s c r i p t i o n  of --- endoH i n  v ivo  

o r i g i n a t e s  a t  a si te ( i n d i c a t e d  i n  t h e  sequence below) loca ted  approximately 140 bases  

endoH, whose product  is a g l y c o s i d i c  enzyme s e c r e t e d  by - S. p l i c a t u s ,  

S I  nuclease  p r o t e c t i o n  

upstream from t h e  beginning of t h e  endoH coding sequence. To i d e n t i f y  components of t h e  

t r a n s c r i p t i o n a l  machinery which t r a n s c r i b e  endoH, we  used t h i s  gene a s  a template  i n  i n  v i t r o  

t r a n s c r i p t i o n  a s says  with p a r t i a l l y  p u r i f i e d  Streptomyces RNA polymerase. 

been determined t h a t  RNA polymerase is heterogeneous i n  Streptomyces ( Westpheling , p o s t e r  t h i s  

meeting) and a t  least  two holoenzyme foms have been p u r i f i e d  us ing  a s  templa tes  f o r  

-- 
It has r e c e n t l y  

t r a n s c r i p t i o n  t h e  veg and - ctc  promoters from B a c i l l u s  s u b t i l i s .  

polymerase which c o p u r i f i e s  wi th  t h e  ctc t r a n s c r i b i n g  a c t i v i t y  t r a n s c r i b e s  t h e  endoH gene & 

We found t h a t  a form of 

v i t r o  and t h a t  t r a n s c r i p t i o n  i n  v i t r o  was i n i t i a t e d  a t  or n e a r  t h e  s t a r t  s i t e  of RNA s y n t h e s i s  

u t i l i z e d  -- i n  vivo.  

and G i l b e r t )  r e v e a l s  homology with t h e  "-35" and "-10" sequences of t he  - c t c  promoter. 

-- 
The nuc leo t ide  sequence of t h i s  region (determined by t h e  method of Haxam 

ATTGACTGATTGACGCGC TTCCGGCGGGCAGGGGAGGCACGLTG en&H 

Bases i n  t h e  - c tc  promoter which have been shown t o  be impor tan t  f o r  u t i l i z a t i o n  by - B. s u b t i l i s  

Ea37 as judged by homologies t o  o t h e r  

p r o t e c t i o n  experiments  ( a s t e r i s k s )  (Moran e t  a l . ,  JMB - 162: 7091, and nuc leo t ide  s u b s t i t u t i o n  

exper iments  ( t r i a n g l e s )  ( T a l t i  and Moran, JMB 175: 285) are compared t o  bases  of t h e  endoH 

promoter a t  similar p o s i t i o n s  from t h e  t r a n s c r i p t i o n  start s i te  (under l ined) .  

- 
promoters (ove r s i zed  l e t t e r s ) ,  methylat ion 

- - 

\ 
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RECOMBINANT DNA X N D  THE PRODUCTION OF SMALL MOLECULES. J .  Davies, Biogen. 

Geneva, Switzerland 

Genetic engineering techniques have been very successful in converting 

E .  - -  coli into an industrial microorganism for the production of a variety 

of pharmacologically active proteins. The same techniques, although 

valuable in dissecting biosynthetic pathways and their control, have 

had much less impact on t h e  production and modification of naturally 

occurring low molecular weight compounds.' I will analyse the tradi- 

tional approaches to yield improvement of antibiotics, alkaloids, etc., 

and discuss ways in which recombinant DNA techniques might contribute 

to the development of commercially important secondary metabolites. 
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THE GENETIC MANIPULATION OF BREWERS' YEAST STRAINS 

Graham G. Stewar t  
Laba t t  Brewing Company L i m i t e d  

750 Simcoe S t r e e t  
London, Ontar io,  Canada N6A 4H3 

The requirements of a brewing Yeast s t r a i n  can be de f i ned  as fo l l ows :  " ~ 1  
order to achieve a beer OF hi& @ity. the Lead cdture  mud be eFpoctiue in removing 
the de&red nutrients Prom the gnnuthIFermentation medium. ( i .e.  the wort), it muat 
impart the required Ftauour to the beer and Pina#y, the mkroorQanisma themsetues 
mud be epFectweCy removed From the Fermented wort d t e r  they have FdF2ted t h e b  
metabdic d e " .  I n  terms of process and p roduc t  o p t i m i z a t i o n  i n  the  brewing 
process, t h e  u t i l i z a t i o n  of wor t  sugars and carbohydrates i s  o f  prime 
importance. 
r e g u l a t i o n  o f  carbohydrate metabolism by brewing yeasts has gained even 
g r e a t e r  s i g n i f i c a n c e .  
maltose and m a l t o t r i o s e ,  t oge the r  w i t h  d e x t r i n  m a t e r i a l .  I n  the  normal 
s i t u a t i o n  brewing yeast s t r a i n s  a re  capable of u t i l i z i n g  sucrose, glucose, 
f ruc tose ,  maltose and ma1tOtriOSe i n  t h i s  approximate sequence, al though 
some degree o f  over lap  does occur, l e a v i n g  t h e  M l t o t e t r a o s e  (64) and l a r g e r  
d e x i r i n  molecules unfermented. 

Although an abundance of  i n fo rma t ion  cont inues  t o  accumulate concerning t h e  
genet ics  and b iochemis t ry  o f  l abo ra to ry  ( *academic*) s t r a i n s  of 
&ccbomyces  cerevisiae, t h e r e  i s  s t i  11 a marked l a c k  o f  data on the  
genet ic  c o n s t i t u t i o n  o f  i n d u s t r i a l  yeast s t r a i n s .  As po l yp lo ids  or 
aneuploids t h a t  do n o t  possess a mating type, these s t r a i n s  e x h i b i t  a low 
degree of s p o r u l a t i o n  and y i e l d  spores of low v i a b i l i t y ,  p roper t i es  t h a t  
render genet ic  analyses extremely d i f f i c u l t .  Nevertheless, by v i r t u e  of 
t h e i r  p o l y p l o i d  nature,  t h e  i n d u s t r i a l  s t r a i n s  a r e  extremely s t a b l e  and as 
such a re  r e s i s t a n t  t o  p l o i d y  breakdown, cross-breeding and mutat ional  forces 

With t h e  advent of  l i g h t  ( l i t e )  beers, the sub jec t  o f  t h e  

Wort con ta ins  t h e  sugars sucrose, f ructose,  glucose, 

i 

To success fu l l y  manipulate brewing s t r a i n s  t h e  techniques o f  mutation, 
h y b r i d i z a t i o n ,  spheroplast  f us ion  and l iposome-mediated t rans format ion  have 
been employed. Treatment of brewing s t r a i n s  wi th  benomyl, a comnercial 
f ung ic ide  repor ted  t o  induce m i t o t i c  chromosome loss,  permi t ted  recovery of 
recess ive  auxotrophic markers indigenous t o  these s t r a i n s .  
has been used p r i m a r i l y  t o  cons t ruc t  S t r a i n s  s u i t a b l e  f o r  use as par tners i n  
spheroplast  fus ions w i th  i n d u s t r i a l  s t r a i n s .  The de r i ved  s t r a i n s  should 
meet t h e  f o l l o w i n g  c r i t e r i a :  1) r a p i d  fermenters, 2) capable o f  ferment ing 
wor t  d e x t r i n  m a t e r i a l  ( & X ) ,  3 )  l ack  undes i rab le  fe rmenta t ion  
o f f - f l a v o u r s  ( p o p ) ,  4 )  ethanol  t o l e r a n t ,  5) osmotolerant, 6) capable of 
u t i l i z i n g  maltose i n  t h e  presence of glucose (derepressed) and, 7 )  possess 
k i l l e r  a c t i v i t y .  

H y b r i d i z a t i o n  

I n  o rder  t o  o b t a i n  novel  hyb r ids  harbour ing such d e s i r a b l e  proper t ies,  
crosses were performed between the  aforementioned and i n d u s t r i a l  s t r a i n s  by 
employing two methods - r a r e  matings t h a t  i n v o l v e  use o f  karyogamy de fec t i ve  
( k ~ )  s t r a i n s  and/or spheroplast  fus ion.  I n  a d d i t i o n ,  yeast 
t rans fo rma t ion  experiments us ing yeast plasmid DNA and t o t a l  n a t i v e  DNA 
encapsulated i n  liposomes were c a r r i e d  out .  
t rans format ion ,  1 iposomes o r  syn the t i c  microcapsules prepared by reverse 
phase evapora t ion  n o t  on l y  p ro tec ted  entrapped DNA from nuclease 
degradation, b u t  a l s o  i n t e r a c t e d  s t r o n g l y  w i th  yeas t  spheroplasts under 
cond i t i ons  favour ing  somatic f u s i o n  and t rans format ion .  

I n  regard  t o  liposome-mediated 
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Clon ing  and Expression o f  t h e  As e r  i l l u s  awamori Glucoarnylase Gene i n  Yeast. 
J.H. Me de, P.C. McCaby, G.E. %Nittman, Cole R. T a l ,  D.H. Gelfand, J.P. 

p i v i s i o n ,  Cetus Corporation, 1400 F i f t y - T h i r d  St . ,  Emeryv i l le ,  CA 94608, U.S.A. 

Davis, CA 95616 U.S.A. 

Ho l land P , M.J. Holland and M.A. I nn i s .  Molecular  and B i o l o g i c a l  Research 

Department o f  B i o l o g i c a l  Chemistry, Medical School, U n i v e r s i t y  o f  C a l i f o r n i a ,  

The e x t r a c e l l u l a r  glucoamyl ase from Aspergi 1 l u s  awamori hydrolyzes s t a r c h  a t  t h e  
a-1-4 and a-1-6 l i nkages  t o  y i e l d  glucose and i s  thus an enzyme o f  choice i n  
commercial s a c c h a r i f i c a t i o n  processes. The s t r u c t u r e  and sequence o f  t h e  
Asperg i l l us  awamori glucoamylase gene w i l l  be presented. Features o f  t h e  5 ' -  
promoter req ion  and t h e  s t r u c t u r e  o f  t h e  f o u r  small  i n t r o n s  l oca ted  w i t h i n  t h e  
glucoamylase gene appear homologous t o  severa l  charac ter ized  yeas t  genes. 
However, no expression o f  glucoamylase p r o t e i n  o r  nRNA was observed when Yep 
vectors  c a r r y i n g  t h e  glucoamylase s t r u c t u r a l  gene and considerable 5 ' -  and 3 ' -  
f l a n k i n g  sequence were in t roduced i n t o  s t r a i n s  o f  yeast. We have determined t h a t  
t h e  lack  o f  expression r e s u l t s  bo th  f rom t h e  i n a b i l i t y  o f  yeas t  t o  recognize t h e  
A s p e r g i l l u s  promoter and from f a i l u r e  of yeas t  t o  p roper ly  exc ise  t h e  Asperg i l l us  
i n t r o n s .  In  order  t o  express t h e  A s p e r g i l l u s  awamori glucoamylase i n  yeast, we 
used o l i g o n u c l e o t i d e  d i  r e c t a  rrutagenesis techniques and p a r t i a l  cDNA clones t o  
d e l e t e  t h e  four  i n t r o n s  and i n t r o d u c e  a yeas t  promoter, ENO1, a t  t h e  5 ' -  end o f  
t h e  gene. We have achieved express ion  o f  t h e  glucoamylase gene i n  yeast. The 
glucoamylase t h a t  i s  produced i s  g l ycosy la ted  and secreted t o  t h e  e x t r a c e l l u l a r  
medium. We w i l l  discuss t h e  NH2-termi na l  process ing and g l y c o s y l a t i o n  o f  t h i s  
h e t e r o l  ogous enzyme by yeast. 
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THE MLS RESISTANCE PHENOTYPE I N  Streptomyces: 
METHYLASE SEQUENCE AND ENHANCED ANT I BIOT I C PRODUCTION 

I N  CONSTITUTIVELY RESISTANT MUTANTS 

H i roo  Uchiyama, Mark Mayford, and Bernard Weisblum 
U n i v e r s i t y  of Wisconsin Medical School, Madison, W I  53706 

Two quest ions are addressed i n  t h e  work t h a t  w i l l  be reported: ( 1 )  I s  
i t  p o s s i b l e  t o  demonstrate s t r u c t u r a l  s i m i l a r i t y  between MLS res i s tance  
methylases of Staphylococcus aureus and S t r e  tom ces despi te  extremes o f  GC 
conten t  i n  t h e i r  r e s p e c t i v e  chromosomal ++- ON s and 2 )  I n  v iew o f  t h e  
i n d u c i b i l i t y  of MLS r e s i s t a n c e  i n  a n t i b i o t i c - p r o d u c i n g  s t r a i n s  o f  S t rep to -  
myces t h a t  syn thes ize  MLS a n t i b i o t i c s ,  w i l l  e f f i c i e n c y  o f  a n t i b i o t i c  
p roduc t i on  be enhanced i n  c o n s t i t u t i v e l y  r e s i s t a n t  c e l l s ?  

( 1 )  As a model system f o r  sequence s tud ies  we used t h e  MLS r e s i s t a n c e  
methylase s t r u c t u r a l  gene from S t r e  tom ces e r  th reus  subcloned i n  plasmid 
p IJ43 by C.J. Thompson e t  a1 ., &2* The DNA sequence 
corresponding t o  t h e  methylase s t r u c t u r a l  gene was determined by standard 
methods. One open read ing  frame deduced from the DNA sequence was r e a d i l y  
a l i g n e d  with, and showed c l e a r - c u t  s i m i l a r i t i e s  t o  t h e  S. aureus plasmid 
pE194 re fe rence methylase, as w e l l  as t o  two o the r  re fe rence methylases 
whose sequences have thus  f a r  been determined, namely, t h e  methylases 
encoded by S. sanguis p lasmid  pAM77 and by a subcloned 8. l i c h e n i f o r m i s  
s t r a i n  749 chromosomal DNA determinant. Sequence s i r n i l a x t i e s  were found 
d i s t r i b u t e d  i n  p a r a l l e l  a long the  e n t i r e  l e n g t h  o f  the methylases used f o r  
re fe rence  and, s i g n i f i c a n t l y ,  many occur as conserved c l u s t e r s  o f  2 t o  5 
consecut ive i d e n t i c a l  residues. The ex ten t  o f  s i m i l a r i t y  found i n  t h e  MLS 
r e s i s t a n c e  methylases suggests t h a t  they  a l l  evolved from a c o m n  
p rogen i to r .  01 i gonuc leo t i de  probes corresponding t o  several  conserved 
c l u s t e r s  have been synthesized f o r  use as probes t o  i d e n t i f y  methylase- 
c o n t a i n i n g  clones i n  gene l i b r a r i e s  prepared f rom other  Streptomyces. 

( 2 )  As a model system f o r  a n t i b i o t i c  p roduc t ion  s tud ies  we used 
Streptomyces l i n c o l n e n s i s  NRRL 2936 a s t r a i n  t h a t  synthesizes l incomycin.  
We have shown t h a t  adenine me thy la t i on  i n  23s rRNA o f  S. l i n c o l n e n s i s  i s  
i n d u c i b l e  by l i ncomyc in  added exogenously t o  t h e  c u l t u E  medium. Since 
- S. l i n c o l n e n s i s  syn thes izes  l incomyc in  toward t h e  end o f  i t s  growth cyc le ,  
we speculated whether c e l l s  e n t e r i n g  t h e  s t a t i o n a r y  phase o f  growth might 
f i r s t  synthesize a low, s u b i n h i b i t o r y  concent ra t ion  o f  l incomycin and t h a t  
t h i s  low concent ra t ion  synthesized endogenously might f u n c t i o n  as an 
autoinducer o f  l i ncomyc in  r e s i s t a n c e  t o  enable t h e  c e l l  t o  synthesize 
h ighe r  l e v e l s  o f  a n t i b i o t i c  subsequently. We f u r t h e r  reasoned t h a t  
c o n s t i t u t i v e l y  r e s i s t a n t  d e r i v a t i v e s ,  having bypassed t h e  au to induc t ion  
step, would i n i t i a t e  l incomyc in  p roduc t ion  wi th a reduced l a g  and p o s s i b l y  
syn thes ize  t h e  a n t i b i o t i c  t o  a h igher  l e v e l .  We t h e r e f o r e  measured 
l incomyc in  p roduc t ion  over a p e r i o d  o f  7 days i n  p a r a l l e l  i n  a mutant o f  
- S. l i n c o l n e n s i s  se lec ted  wi th  maridamycin ( a  macrol ide) and i n  t h e  w i l d -  
t ype  p rogen i to r  s t r a i n .  It was found ( a )  t h a t  l incomyc in  product ion was 
de tec tab le  one day e a r l i e r  i n  t h e  mutant than i n  the  w i ld - type  (day 4 i n  
t h e  mutant versus day 5 i n  t h e  w i ld - type) ,  and (b) t h a t  l incomycin 
p roduc t i on  i n  t h e  mutant reached a maximum l e v e l  5 - fo ld  higher than t h e  
w i l d  type. 

-- 
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Regu la t ion  o f  t he  Yeast C Y C l  Gene 
Leonard G u a r e n t e  

Department of  B io logy  
M. I .T.  

Cambridge, Massachusetts 

The - C Y C l  gene of Saccharomyces ce rev i s iae  encodes the i s o - l -  
cytochrome c, which i s  a p a r t  o f  the r e s p i r a t o r y  chain i n  the  i n n e r  
mhochondr ia l  membrane. Regu la t ion  o f  - C Y C l  has been s tud ied  us ing 
lacZ gene fus ions and i n  v i t r o  mutagenesis t o  i d e n t i f y  promoter and 
regu la to ry  sequences a x i n g  -- i n  c i s ,  and standard yeast genet ics  t o  
i d e n t i f y  l o c i  encoding r e g u l a t o r y  p ro te ins  a c t i n g  i n  T t rans.  These 
experiments have shown t h a t  two reg ions are r e q u i r a  i n  - c i s  f o r  C Y C l  
expression--one i s  t h e  TATA box sequence a t  -30 from f i e  t r a n s c r i p t i o n  
s t a r t ,  and the o t h e r  i s  an upstream a c t i v a t i o n  s i t e  (UAS) a t  about 
-250. The l a t t e r  r e g i o n  c o n s i s t s  o f  two independently f u n c t i o n i n g  
s i t e s ,  UASl a t  -275,  and UAS2 a t  -225.  Each s i t e ,  when placed upstream 
o f  the TATA box o f  a heterologous yeas t  gene, confers a c t i v a t i o n  
subject  t o  the p h y s i o l o g i c a l  s i g n a l s  which g i ve rn  c o n t r o l  o f  C Y C l  
(heme and catabol  i t e  rep ress ion ) .  
a t  cons t ruc t i ng  base s u b s t i t u t i o n  mutations i n  the UASs, i d e n t i f y i n g  
p ro te ins  which b i n d  t o  t h e  UASs t o  mediate ac t i va t i on ,  and u l t i m a t e l y ,  
so l v ing  the mechanism of upstream a c t i v a t i o n .  
apply t o  enhancer and r e g u l a t o r y  s i t e s  o f  mammalian genes. 

- - 

Current experiments a r e  d i r e c t e d  

This s o l u t i o n  may a l s o  
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THE ROLE OF PROTEASE LA (THE LON GENE PRODUCT) 
AND ATP I N  P R O T E I N  D E G R A D A m N  IN E. COLI - -- 

A l f r e d  L. Goldberg, L loyd Waxran, A. Sat ish Menon, Stephen Goff 
Harvard Medical School, Boston, MA 02115 

-- E. c o l i  , 1 i k e  manna1 I a n  c e l l  s O r  c e r t a i n  organel l e s ,  r a p i d l y  degrade 
h i g h l y  abnornal p r o t e i n s  as may a r i s e  by mutat ions,  gene fusions, o r  
b i o s y n t h e t i c  e r ro rs .  
hydrolyzed, and t h i s  process can shdrp ly  reduce t h e  y i e l d  of  the c loned 
polypept ide.  I n  -- E. C o l i ,  as i n  mammalian c e l l s ,  such abnomal p ro te ins  a re  
degraded by a so lub le  process t h a t  r e q u i r e s  a e t a b o l i c  energy. Much has 
been learned about the enzymes t h a t  may c o n t r i b u t e  t o  t h i s  process. E. 
c o l i  c o n t a i n  6 so lub le  proteases capable of degrading g l o b i n  o r  casein.  
These a c t i v i t i e s  have been p u r i f i e d  and naned proteases Do, Re, M i ,  Fa, So, 
and La. I n  add i t ion ,  -- E. c o l i  c o n t a i n  two meinbrane-associated endoproteases 
t h a t  hydro lyze casein, as w e l l  as two s o l u b l e  endoproteases named C i  and P i  
t h a t  degrade mal l s r  po lypept ides (e.g. i n s u l i n )  and many exopeptidases. 

The energy r e q u i r n e n t  f o r  p r o t e o l y s i s  i n  E. c o l i  r e s u l t s  f r o x  the  ATP 
requi renent  f o r  t h e  a c t i v i t y  of protease La. 
product  of  t h e  l o n  gene. 
p r o t e i n  substrates,  wh i le  t h e  o ther  (ATP-independent) proteases are  
i n v o l v e d  i n  subsequent steps i n  t h i s  pathway. l o n  mutants c o n t a i n  a 
d e f e c t i v e  protease La and show a decreased c a p a f i y  f o r  degrading abnornal 
p ro te ins ,  whi 1 e s t r a i n s  c o n t a i  n i  ng increased aaounts o f  protease La 
hydro lyze such p r o t e i n s  e s p e c i a l l y  r a p i d l y .  

inherent  ATPase and cleaves p r o t e i n s  and ATP i n  a coupled process. 2 )  
P r o t e i n  subst rates s t i n u l a t e  ATP h y d r o l y s i s  2-4 f o l d .  
ATPs  are u t i l i z e d  per pept ide bond cleaved. 4 )  It i s  very l a r g e  f o r  a 
protease and conta ins four  i d e n t i c a l  subuni ts  (Mr=94,000). We have 
i s o l a t e d  a s i m i l a r  enzyme fran l i v e r  mitochondria, which cata lyzes the  
r a p i d  breakdown o f  abnomal m i  tochondr i  a1 polypeptides. 

Recent ly we have i d e n t i f i e d  f luorogen ic  t e t r a p e p t i d e  substrates which 
a r e  c leaved by protease La i n  an ATP-dependent fashion. The h y d r o l y s i s  o f  
these pept ides ( u n l i k e  t h e  breakdown o f  prote ins)  requ i res  only b i n d i n g  o f  
ATP and no t  i t s  hydro lys is .  
t o  d i s s e c t  p a r t i a l  enzyme r e a c t i o n s  and t o  show t h a t  ATP-dependent 
p r o t e o l y s i s  invo lves a m u l t i s t e p  r e a c t i o n  cycle:  ATP b ind ing  occurs 
i n i t i a l l y  and a l lows p r o t e o l y t i c  func t ion .  
occurs and leads t o  a teaporary i n a c t i v a t i o n  of t h e  protease ( u n t i l  a new 
ATP i s  bound). This process must occur r e p e t i t i v e l y  u n t i l  small pept ides 

t h i s  enzyne i s  t h a t  
v a t i o n  (as shown by more 
a c t i v a t i o n  o f  the  enzyne 
r e g u l a t i o n  and s e l e c t i v i t y  

Many p r o t e i n s  cloned i n  b a c t e r i a  are r a p i d l y  

-- 
This novel enzyne i s  t h e  

It seems t o  ca ta lyze  t h e  i n i t i a l  cleavages on 

Protease La has a n m b e r  of unusual p roper t ies :  1) It contains an 

3) Approxiaately two 

Use o f  t h e  pept ide subst rates has al lowed us 

Subsequently ATP hydro lys is  

a r e  generated. One a d d i t i o n a l  novel proper ty  o f  
b i n d i n g  of p r o t e i n  subst rates 1 nduces enzyme act 
r a p i d  h y d r o l y s i s  o f  f luorogen ic  pept ides) .  This 
by p o t e n t i a l  substrates appears impor tant  i n  the 
o f  i n t r a c e l l u l a r  p ro teo lys is .  

Recent ly,  we and o thers  have shown t h a t  pro 
pro te in .  I t s  t r a n s c r i p t i o n  and t h e  o v e r a l l  r a t e  

ease La i s  a heat-shock 
o f  p r o t e o l y s i s  i n  E. c o l i  

Protease La content r i s e s  under var ious a r e  c o n t r o l l e d  by t h e  h t  R locus. 

w i t h i n  c e l l s  (e.9. exposure t o  h i g n  tsnperatures,  arllino ac id  analogs, 
o r  c e r t a i n  plasmids). 
a g a i n s t  accumulation o f  such abnormal polypeptides. 

c o n d i t i o n s  t h a t  cause -8 t e produc t ion  of la rge  amounts o f  abnornal p r o t e i n s  

I n d u c t i o n  of t h i s  protease thus may help p r o t e c t  
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The Search for the Perfect E. - -  coli Expression System 

or is there a Holy Grail 

Allan R. Shatzman 

Dept. of Molecular Genetics 

Smith Kline & French Labs 

Philadelphia, PA 19101 

Over the past several years, the ability to manipulate and clone genes 

into plasmids for expression in heterologous systems has become almost common 

place. 

or to consistantly increase low level expression of some of these genes has 

eluded us. In order to maximize gene expression, we are developing a series 

of vectors to express efficiently any gene coding sequence, eukaryotic, 

prokaryotic, or synthetic in origin in E. coli. We have studied the 

expression of a large number of gene products including alpha-1-antitrypsin, 

metallothioneins, influenza NS1, - sis, *, - myc and +, not only to permit the 
study of their function, but with the intent of using sequences from well 

expressed gene products to increase the expression of those which are more 

poorly expressed. 

vectors which provide tandem promoters, downstream terminators, and varied 

ribosome binding sites and through new defective lysogens and host cell 

mutants. The effects of translational coupling on gene expression, especially 

with regard to possible secondary structure in RNA, will be discussed as will 

the effects of codon utilization and position with regard to translational 

regulation. 

However, the ability to predict the level at which a gene will express 

- -  

Increased expression is also being studied via the use of - 
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Isolation and analysis of Streptomyces promoters 

G. R. JANSSEN and M. J. BIBB 

John Innes Institute, Norwich 

Selected DNA fragments that promote transcription in Escherichia 
- coli have previously been shown to function also as promoters in S. lividans; 

promoter-active fragments isolated in S. lividans, however, have been 

observed to function poorly, if at all, in E. coli. Isolation and analysis of 
Streptomyces promoter regions will facilitate the identification of structural 
features necessary for transcription of Streptomyces genes. Plasmid vectors 
have been constructed in S. lividans for the selection and isolation of DNA 

fragments that promote transcription of either a promoter-less chloramphenicol 
acetyltransferase o r  kanamycin phosphotransferase gene. Transcriptional 
read-through into the phosphotransferase gene by vector promoters is 
minimized by the upstream placement of a transcriptional terminator from 
phage fd. Conveniently located restriction sites allow for direct sequence 

determination of promoter -active fragments. 

The promoter-probe vectors have been used to localize transcriptionally- 
active regions of genes cloned from various species of Streptomyces. Promoter- 

probing of DNA fragments encoding resistance to neomycin (from S. fradiae), 
thiostrepton (from S. azureus), and viomycin (from S. vinaceus) have identified 

promoter-active regions that precede open reading frames with a codon usage 
and nucleotide distribution predicted for coding sequences of high G + C content; 
this, in itself, permits the reliable and simple recognition of coding sequences. 
High resolution S1-nuclease mapping has been used to identify precisely the 
transcriptional s t a r t  sites within these regions. DNA sequences upstream of 

these sites do not show extensive homology to the consensus promoter 
sequences of E. coli or Bacillus. 
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Ch-Jramphenico --.iducible Gene Expression. S. Mongkolsuk, E.J. Duvall, 
N . P .  Ambulos Jr., and P.S. Lovett. University of Maryland Baltimore County, 
Catonsville. 

pPL703 ( 2 5  kb) is a promoter-cloning plasmid f o r  Bacillus subtilis. The  
plasmid consists of 3 promoter-less gem’, cat -86 ,  inserted in pOR110 Lit a 
site that prevents vector initiated transcription. A 2 1  bp multicloning site 
linker located 144  bp upstream from cat-86 in pPL703 permits the cloning of 
promoters into unique WRI, =I, - Sal1 and - PstI sites. 
derivatives of pPL703 cat-86 expression is inducible by chloramphenicol. 
Inducibility is independent of the promoter which is chosen to activate the  
gene, and inducibility is retained when cat-86 is replaced with the lacZ gene. 
Sequences essential to inducibility therefore reside in a 144 bp segment located 
between the site of promoter insertion and the cat gene. 
obtained suggesting that chloramphenicol inducibility is due primarily to 
post-transcriptional regulation. A model is presented in which chloramphenicol- 
modified ribosomes interact with % mRNA to block formation of secondary 
structure that would, in the absence of the drug, sequester the cat ribosome 
binding site. This model applies equally in explaining the inducibility by 
chloramphenicol of the - cat gene in plasmid pC194. 

In promoter containing 

Evidence has been 
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k l a r g e  pr-crportion of ciasmid vectors  used as veh ic les  
t ~ r  recmmknant  E W  i n  yeast contain Qutsnomausiy 
c e p i  lcatii?q 31.eq~efices ( A R S ' S )  der ived f r o m  yeast 
~r?trs:ws.:3mal 3t\rA. &is z, mcjdei system t c r  our i n v e s t i g a t i o n  of 
th+ a e c h a n i ~ r r :  a;: r e p l i c a t i ~ n  ~t nuclear DNA i n  t h e  yeast 
5.2,: : ? : s r ~ m y c s ;  C f . i - E \ ; z s l  SE w e  h a v e  chosen ofie s i t t h  element 
S G ' ; : .  . .- This rzpiicator *as first i s a l a t e d  by Stirichcomt, 

D5t-i 5 - p d t t  - - o f  a i45.3 base p a i r  EcoRI  r e s t r i c t i o n  
t r a g m e n t  uf y e a t 5  ci-tramosomal Ufi4.1 w h i c h  a l s o  cantdined a 
iur .ctror:ai  T 2 . 2 1  gene. ke l a k e r  jemonstrated t h a t  when 
C : : F  Gi iS! -T .gP l  tca.gi>erct circularized a t  t3e  ECORI 
e r t d s  IP t h s  nasence of  other- Gi'JA. and re tu rned t.;, yeast 
sei.ee:i i q  Trp- ,  a l i 3 0 - X O  cop 'y  ~ e r  czll r e l a t i b e i y  s t a b l e  
p l a s m i d  c*as estab?ishea. he taund t h a t  the p l a s m i c  c f W 1  Ri 
Z i r z l e ,  YFIRpl .  ieast Cicerctric king p l a s m i d  
- 1  * v a s  ~o:-ga?:zed i n  a nuc leosom~- l i ke  StrUCtWe and was 
c - 5 ~ :  1 .zated Jnjet- cell cycle  control cornparaole t o  t h e  bul  k 
0.i yea.st nu-rlear- 3 k A .  Subsequently Fangman and co-workers 
hdbe sh.ziwr! ;;,at t he  plasmid r e p l i c a t e d  3ncP per molecule per 
c ~ l i  C i v i ~ i e ~  in e a r l y  5-phase at a t ime 5 i i T 1 l l G r  t o  t h a t  of 
the x i l ; i n a l  chrorrtosm?gal segmsnt. 

M a r  .e : - ~ c e n t l y  w e  have i n ~ ~ e s t i g a t e d  t h e  micrococcai 
rtuclease praLects6 reg ions  on the chrsmatir: f o r m  of tf7e 
p i a s m i d  and t t a ~ ~  foi-ind one 5~ict-i region cit greater  than 
i i L i e l E o s G m e  s i z e  a t  or near t h e  ARS1 site as determined 
k y  z n  i;it.rr;. mutagenesis experiments done by oc!r 
iaboratoi-'v' and others. M e  have p u r l t i e d  milligram q u a n t i t i e s  
ct t he  chromatin f i r m  of  t h e  plasmid and are us ing  i t  in 
several w a y s  inc1i:ding as an antigen t o  r a i s e  and screen a 
pairel of monaclonal an t ibod ies  against associated 
determinants. W e  have a l s o  cmnstt-ccted several  new plasmids 
ir: S z c h e r 2 c h z a  coli v ~ h i c h  make i n t r o d u c t i o n  ot 
s d d i t l w ? a l  Dr.;P. segments into YFlRpl t a c i l e ,  ana nave shown 
z i - ~ a t  the  prcrd:Act af an added LIRA3 gene is overproduced 
:n an amount comparabie to plasmid copy number and s i m i l a r  
to the amount o b s e ~ v e a  tnr i.-?i product from Y A R p i .  
F u r t h e r -  in. ,dert igat ions of the s t a b 1  1 ities. cop:,' numbers and 
--%PI icsti-.'e p r o p e r t i e s  o f  virliipl and its d e r i v a t i v e s  nave 
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PRODUCTION OF RECOMBINANT V A C C I N E S  FROM M I C R U O G A N X S M S .  D e n n i s  
C .  K l e i d ,  G e n e n t e c h  I n c . ,  4 6 0  P o i n t  S a n  B r u n o  B l v d . ,  So. San 
F r a n c i s c o  C A  94080. 

I n  t h e  l a s t  t h r e e  y e a r s  g e n e t i c a l l y  e n g i n e e r e d  
m i c r o o r g a n i s m s  s u c h  a s  - -  E. c o l i  and S. c e r i v i s i a e  ( y e a s t )  h a v e  
been d e m o n s t r a t e d  t o  b e  o f  u s e  a s  a s o u r c e  o f  a n t i g e n s  f o r  
v a c c i n e  p r o d u c t i o n .  The f i r s t  d e m o n s t r a t i o n  o f  t h i s  was when 
an  a n t i g e n i c  p r o t e i n  c o d e d  b y  t h e  F o o t - a n d - M o u t h  D i s e a s e  V i r u s  
was e x p r e s s e d  i n  E .  c o l i ,  i s o l a t e d  f r o m  t h e  o r g a n i s m s  and shown 
t o  p r o t e c t  c a t t l e  a n d  s w i n e  f r o m  v i r a l  c h a l l e n g e .  R e c e n t l y  t h e  
H e p a t i t i s  B s u r f a c e  a n t i g e n  was p r o d u c e d  i n  y e a s t  and shown t o  
p r o t e c t  c h i m p a n z e e s  f r o m  H e p a t i t i s  and shown t o  i n d u c e  a n t i b o d y  
i n  humans. A l t h o u g h  t h e  e x a m p l e s  c i t e d  a r e  v e r y  l i m i t e d  i n  
number,  a n d  a s  y e t  n o  l a r g e  s c a l e  human o r  a n i m a l  t r i a l s  h a v e  
been r e p o r t e d ,  i t  a p p e a r s  t h a t  a new e r a  i n  v a c c i n e  p r o d u c t i o n  
a s  begun.  However ,  t h e r e  a r e  s e v e r a l  p r o b l e m s  t h a t  r e m a i n  t o  
b e  overcome. The k e y  t o  a s u c c e s s f u l  v a c c i n e  i s  e f f i c a c y  n o t  
t h e  i n e x p e n s i v e  p r o a u c t i o n  o f  an a n t i g e n .  C o n s i d e r a b l e  
a t t e n t i o n  must  b e  p l a c e d  on  t h e  q u a l i t y ,  s a f e t y ,  p u r i t y ,  anc 
p o t e n c y  o f  t h e  v a c c i n e  p r o d u c t  p r o d u c e d .  One o f  t h e  m a j o r  
d i f f i c u l t i e s  w i t h  p r o d u c t i o n  o f  v a c c i n e s  v i a  g e n e t i c a l l y  
e n g i n e e r e d  m i c r o o r g a n i s m s  h a s  been t h e  r e c r e a t i o n  o f  v i r a l  
a n t i g e n i c  s i t e s  f r o m  t h e  l a r g e l y  d e n a t u r e d  p r o t e i n s  p r o d u c e d .  
The t h r e e  d i m e n s i o n a l  s t r u c t u r e  o f  t h e s e  s i t e s  and t h e  
n e c e s s i t y  o f  r e f o l d i n g  t h e  p r o t e i n  i n  s u c h  a s  way a s  t o  
r e c r e a t e  t h e s e  s i t e s  i s  a m a j o r  o b s t a c l e .  T h i s  r e p o r t  w i l l  
r e v i e w  t h e s e  p r o b l e m s  a n d  d i s c u s s  how t h e y  were overcome w i t h  
t h e  Foo t -and -Mou th  D i s e a s e  VP1, t h e  H e p a t i t i s  B s u r f a c e  a n t i g e n  
and t h e  H e r p e s  t y p e  I a n d  I1 g l y c o p r o t e i n  D. 
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Strategies for cloning genes for antibiotic biosynthesis in Streptomyces 
D. A. HCPWOOD 
John Innes Institute, Norwich, U.K.  

Three general strategies have been used for the cloning of anti- 
biotic biosynthetic genes: (1) detection of an individual biosynthetic enzyme 
cloned into a convenient recipient strain such as  S.  lividans (examples: 
PABA -synthase 1 and phenoxazinone synthase 2 ); (2) complementation of 

blocked mutants of an antibiotic -producing strain (undecylprodigiosin 3 and 
4 actinorhodin ); (3) mutational cloning in an antibiotic-producing strain 

5 (methylenomycin ). 

The example of strategy (2) provided by the genes for the poly- 
ketide antibiotic actinorhodin in s. coelicolor A3(2) will  be described in 

detail. Mutations blocked at various points in the biosynthetic pathway had 
already been mapped by plasmid-mediated conjugation to a cluster of 
chromosomal loci. A cloned DNA segment capable of complementing all 
classes of act mutants caused actinorhodin biosynthesis in a host, S. parvulus, 
not known to synthesise any polyketide antibiotic . Recent work by 

F. Malpartida has localised the different classes of act mutations in relation 
to the restriction map of the cloned DNA by complementation tests with sub- 

clones, and has defined the approximate limits of the transcription units by 

mutational cloning using - att -deleted $C31 vectors. 

- 
4 

- 

We have transferred various parts of the actinorhodin DNA to two 
strains that produce other isochromanequinone antibiotics and, in 
collaboration with groups at Ohio State University, Columbus (H. G .  Floss 
and colleagues) and at the Kitasato Institute, Tokyo (S. 6mura and 
colleagues), a r e  seeking novel "hybrid" antibiotics produced by the clones. 

1. J. A. Gi l  and D. A. Hopwood, Gene, 25, 119-132, 1983 

2. G. H. Jones and D. A. Hopwood, J. Biol. Chem. (in press) 

3. J. S. Feitelson and D. A .  Hopwood, Mol. Gen. Genet. 190, 334-398, 1983 

4. F. Malpartida and D. A. Hopwood, Nature 309, 462-464, 1984 

5 .  K. F. Chater and C. J. Bruton, Gene, 26, 67-78, 1983 
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Development of Systems for Heterologous Gene Expression in Streptomyces. 
JEFFREY T. FAYERMAN, MICHAEL D. JONES, and MARK A .  RICHARDSON, Lilly 
Research Laboratories, Eli Lilly and Company, Indianapolis, Indiana 46285. 

Streptomyces are commercially important gram positive prokaryotic organisms 
with a complex life cycle. Despite their utility in the production of 
antibiotics relatively little is known about the genetics and molecular 
biology of these microorganisms. In order to successfully carry out 
heterologous gene cloning, it is necessary to develop systems for gene 
transfer and expression in Streptomyces species of industrial interest. In 
the area of gene transfer, our group has developed three different cryptic 
Streptomyces plasmids, pFJ103, pNM100, and pFJ275, into gene cloning 
vehicles. The ability of these plasmids to transform Streptomyces species 
of industrial interest has been studied and, in general, the host range is 
broad. In the area of gene expression, our group has used the Bacillus 
subtilis veg promoter to drive expression in Streptomyces. 
Escherichia coli f3-galactosidase and hygromycin phosphotransferase genes 
are expressed in S .  ambofaciens when the 
site are located immediately upstream from the structural gene. Details 
concerning the desired elements for such expression have been studied using 
both natural and synthetic DNA sequences. 
gene cloning it might be possible to develop new antibiotics and to modify 
the chemical structure of existing antibiotics. 

Both the 

promoter and ribosome binding 

With successful heterologous 
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Streptomyces phage vectors and the analysis of genes for primary and 

secondary metabolism and differentiation 
K. F. CHATER 
John Innes Institute, Norwich, U.K. 

Temperate phages offer a range of special properties valuable in 
gene cloning and analysis. In the lytic mode, plaques develop rapidly and 
are well  suited for screening either with radio active probes or using color 
tests (e. g. with lac2 -fusion experiments). Moreover, selections for 
insertion or  deletion of DNA can be applied. A l l  of these aspects have been 
exploited in the development of a series of vectors based on the wide host- 
range Streptomyces temperate phage 6 3 1 .  However, most of the current 
use  of the vectors exploits their alternative lysogenic life-style, when they 
can integrate at single copy level into a recipient's chromosome in various 
ways, thereby providing possibilities for genetic analysis which nicely 
complement those offered by plasmid systems. 

- 

The phage vectors generally contain selectable resistance genes and 
a variety of unique cloning sites. They have been useful in shotgun cloning 
and in analysis of cloned DNA. Their integration at the preferred chromo- 
somal attachment site is useful in tests of dominance and complementation 
of cloned DNA. Alternatively, they may integrate at the region homologous 
with the cloned fragment, allowing: (1) disruption of transcription units; (2) 
activation of promoterless genes, such as lac2 - or the viomycin-resistance 
gene vph, incorporated into the vector; (3) homogenotization, s o  that a 
chromosomally located allele is transferred to the vector; (4) the cloning of 
flanking sequences without using radioactive probes; and (5) the genetic 
mapping of cryptic genetic elements (for example, insertion sequences). The 
phage system was used by H. Ikeda to clone a gene (glk for glucose kinase) 
required for glucose repression; and along with many other techniques, to 
analyse cloned DNA of the glucose -repressible gyl (glycerol utilization) 
operon (Seno et al., Mol. Gen. Genet. 193, 11971884). By acquiring an 
understanding of glucose repression of primary metabolism we  hope to 
elucidate its nature in secondary metabolism and differentiation. Genes for 
these functions have also been cloned and studied with the phage system. 
Thus l? kb of cloned DNA involved in rnethylenomycin biosynthesis appears 
to  contain at least three transcription units and to include a regulatory gene 
and a gene for methylenomycin resistance; and two regions (bldA and - bldB) 
involved in aerial mycelium formation have been cloned and used in genetic 
analysis of bld mutants by J. M. Piret. - 



AMPLIFIED DNA: STRUCTURE AND S I G N I F I C A N C E  - C .  L. Hershberger and S. E 
Fishman, Eli L i l l y  and Company, 307 East McCarty Street, Indianapolis, 
Iridiana 46285 

High frequency occurrences of amplified DNA have been observed in 
streptomycetes. Most examples of amplified DNA were observed initially in 
experiments involving preparation and regeneration of protoplasts or growth 
with intercalating dyes; however, cause and effect relationships have not 
been demonstrated. 
300-500 copies per chromosome. The parental strain normally contains one 
copy or at most a few copies of the DNA segment that is reiterated in the 
Amplified DNA Sequence (ADS). The ADS contains tandem head to tail 
reiterations of the short segment; however, all copies of the reiterated 
sequence may be in a single block of amplified DNA or copies of the 
reiterdted DNA my be distributed in several different blocks of amplified 
DNA. There are examples of chromosomal deletions associated with the 
occurrence of ADS.  The tandemly repeated segment of DNA in ADS-Sfl from S. 
fradiae is deleted in an independent mutant that was isolated from the 
progenitor of the mutant containing ADS. 

Relatively short DNA segments of 5-20 kb amplify to 

Stability is different for the various examples of ADS in streptomycetes. 
Some ADS'S are unstable and exhibit gradually decreasing copy number during 
growth; however, ADS-Sfl is very stable. The apparent copy number seems to 
remain constant after prolonged growth, repeated subculturings, and 
reisolation of  single colonies. P .  Matsushima and R. H. Baltz (personal 
communication) isolated mutants from regenerated protoplasts of S. fradiae 
that had deamplified AJIS-Sfl. We found that the mutants retained residual 
copies of tandem reiterations but they contained deletions extending into 
neighboring segments of the genome. 

The Amplifiable Unit of DNA (AUD)  is the single copy of unamplified DNA 
sequence corresponding to the reiterated segment in ADS. 
fradiae is a 12.7 kb sequence containing a 2 . 2  kb directly Repeated Sequence 
(RS) at each end. The reiterated unit of ADS-Sfl is a 10.5 kb sequence 
containing a single copy of RS in each reiterated DNA segment. The 
structural relationships between AUD and ADS suggest that amplification 
could occur by unequal crossing over, rolling circle replication or 
disproportionate replication and recombinational resolution. 

S. fradiae contains two additional copies or a total of four copies of DNA 
with homology to RS. 
each other but they are separated from each other by a sequence that is not 
homologous to the internal sequence of AUD-Sfl. 
mutants described above provide a preliminary map delineating the relative 
positions of all four copies of RS. 
suggests the potential for chromosomal rearrangements such as 
amplifications, deletions, inversions and translocations. 

AUD-Sfl from S. 

The two additional copies of  RS are within 15 kb of 

Analyses of the deletion 

The arrangement of the four RS's 
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Phys ica l  and Genetic Charac te r i za t i on  o f  Actinophage 

SF1, A P I - L i k e  Phage I s o l a t e d  f rom 
Streptomyces f r a d i a e  

Shiau-Ta Chung and S tua r t  A. Thompson 
The Upjohn Company 

Kalarnazoo, M I  

The actinophage SF1, l i k e  P 1  bacteriophage i n  &. 0, e x i s t s  i n  i t s  host as 
a p lasmid prophage (pUC13) and transduces chromosomal and p lasmid markers from 
one s t r a i n  t o  another v i a  genera l i zed  t ransduc t ion .  Frequencies o f  SF1-mediated 
t r a n s d u c t i o n  range from Z X 1 0 - 4  t o  3x10-6 per  P.F.U. f o r  auxotrophic  markers 
and pIJ702, and 1 t o  3 per  P.F.U. f o r  min i -p lasmids de r i ved  f rom pUC13. The 
encapsulat ion o f  SF1 DNA begins a t  a pac s i t e  and proceeds s e q u e n t i a l l y  by headfu ls  
o f  DNA i n  one d i r e c t i o n  along a concatemer. Although t h e  mechanism o f  fo rmat ion  
o f  t ransducing phage p a r t i c l e s  f o r  chromosomal markers may mimic pac gene encapsu- 
l a t i o n ,  a recombination-mediated mechanism appears l i k e l y  f o r  t h e  h igh  frequency 
t r a n s d u c t i o n  o f  pUC13 mini-plasmids. We have a lso  determined by  r e s t r i c t i o n  
and d e l e t i o n  analyses the  r e l a t i v e  l o c a t i o n s  o f  t he  pac s i t e ,  t h e  imnun i ty  region, 
the  o r i g i n  o f  prophage r e p l i c a t i o n ,  a locus f o r  c l e a r  plaque fo rma t ion  and non-essen- 
t i a l  regions. F i n a l l y ,  although t h e  hos t  range o f  SF1 i s  l i m i t e d  t o  neomycin-produc- 
i n g  5. f rad iae ,  we have been able t o  in t roduce pUC13-derived min i -p lasmids i n t o  
o ther  Streptomyces sp. 



GENETIC INSTABILITY: AMPLIFICATION, DELETION 

AND REARRANGEMENT W I T H I N  THE DNA 

Hi ldgund  Schrempf ,  D a l h o u s i e  U n i v e r s i t y ,  

Dep. of B i o l o g y ,  H a l i f a x , N . S .  B3H 451 Canada 

Many plasmidless  a n d  p l a s m i d - c o n t a i n i n g  
s t r a i n s  of S t r e p t o m y c e s  are q e n e t i c a l l v  un- 
s tab le .  V a r i a n t s  h a v i n g  a l t e r a t i o n s  i n  t h e i r  
s e c o n d a r y  netabolism a r i se  f r e q u e n t l y  and zre 
likely t o  d i f f e r  f ron t h e  c o r r e s p o n d i n g  w i l d -  

t y p e  s t r a i n s  by c h a r a c t e r i s t i c  c h a n c e s  w i t h i n  
t h e  c h r o m o s o n a l  a n d  i f  p r e s e n t ,  e x t r a c h r o m o -  
soma1 DNA. The chromosomal  c h a n g e s  w h i c h  h a v e  
b e e n  i d e n t i f i e d  i n c l u d e  d e l e t i o n s  ( i . e .  t h e  
s t r u c t u r a l  g e n e  f o r  t y r o s i n a s e ,  r e q u i r e d  f o r  
m e l a n i n  f o r m a t i o n ) ,  a m p l i f i c a t i o n  and  re- 

a r r a n g e m e n t  of s p e c i f i c  DNA s e q u e n c e s .  D e -  

p e n d i n g  o n  t h e  v a r i a n t  t e s t e d ,  t h e  a r r . F l i f i e d  
s e q u e n c e s  may r e p r e s e n t  5-400, o f  t h e  t o t 2 1  
DNA. So f a r ,  i t  i s  unknown w h g t h e r  t h e s e  se- 
q u e n c e s  code f o r  f u n c t i o n s ,  b u t  i t  h a s  bcer. 

shown t h a t  t h e y  are n e i t h e r  r ibosorial ,  t - R N A  

n o r  p l a s n i d  genes.  T h e s e  s e q u e n c e s  (or  p a r t s  
of t h e 7 )  e x i s t  i n  severa l  c o p i e s  w i t h i n  t h e  
genomes of m o s t  s t r a i n s  o f  Streptonvces and  

I 

w i t h i n  some o t h e r  A c t i n o m y c e t e s .  D i f f e r e n t  
classes of r e i t e r a t e d  s e q u e n c e s  h a v e  b e e n  
c h a r a c t e r i z e d  and  i t  w i l l  be of f u r t h e r  i n t e r -  
e s t  t o  g a i n  a n  u n d e r s t a n d i n g  of t h e i r  f u n c t i o n s  
and  t h e i r  p o s s i b l e  ro l e  i n  t h e  v a r i a b i l i t y  of 

t h e  S t r e p t o m y c e s  u e n o m .  

R e f e r e n c e s :  
H .  Schrempf ,  J. Bacter io l .  1 5 1 ,  701-707 (1982)  

H .  Schrempf ,  Mol. Gen. Genet .  1 8 9 ,  501-505 
- 

' 1 0 1 8 5  11 (1983)  - 



2 3  - 
Cloning, expression and r e g u l a t i o n  of t he  phenoxazinone synthase gene f r o m  

Streptomyces a n t i b i o t i c u s  

George H. Jones 

Phenoxazinone synthase (PHS) i s  thought t o  be a key enzyme i n  the  biosyn- 
t h e s i s  o f  act inomycin by Streptomyces a n t i b i o t i c u s .  The phenoxazinone synthase 
s t r u c t u r a l  gene has been l o c a l i z e d  t o  a 2.4 kb fragment o f  S. a n t i b i o t i c u s  DNA. 
This  fragment has been cloned us ing the plasmid vec tor ,  pIJ702, and h igh  l e v e l s  
of PHS a c t i v i t y  a re  de tec ted  a f t e r  t rans format ion  o f  5. l i v i d a n s  w i t h  the r e -  
s u l t i n g  recombinant plasmid. This  plasmid a l s o  f u n c t i o n s  as a template i n  a 
streptomycete coupled transcription-translation system and t h e  2.4 kb i n s e r t  
codes f o r  t he  syn thes is  o f  a p r o t e i n  whose e l e c t r o p h o r e t i c  and immunological 
p r o p e r t i e s  a re  i n d i s t i n g u i s h a b l e  from those o f  t h e  89,000 M r  subun i t  o f  PHS. 
The cloned PHS gene has been used as a probe t o  examine the  r e g u l a t i o n  o f  
PHS expression i n  2. a n t i b i o t i c u s .  Dot b l o t t i n g  experiments have shown t h a t  
the norn ia l ly  observed increase i n  PHS a c t i v i t y  du r ing  growth of - S. a n t i b i o t i c u s  
c u l t u r e s  r e s u l t s  from the  produc t ion  of new mRNA f o r  t he  enzyme, and t h a t  
the repress ion  o f  PHS a c t i v i t y  i n  glucose grown c u l t u r e s  i s  a l s o  mediated a t  
the t r a n s c r i p t i o n a l  l e v e l .  The s i z e  o f  t h e  PHS message has been examined by 
Not thern  b l o t t i n g  techniques, and the d i r e c t i o n  o f  t r a n s c r i p t i o n  o f  t he  PHS 
gene has been determined us ing  end-labelbd r e s t r i c t i o n  fragments de r i ved  from 
the 2.4 kb s t r u c t u r a l  gene. 

The c l o n i n g  experiments a l s o  r e s u l t e d  i n  the  i s o l a t i o n  o f  two o t h e r  DNA 
fragments f rom 5. a n t i b i o t i c u s  which a re  capable o f  induc ing  p roduc t i on  o f  
a c t i v e  PHS a f t e r  t rans fo rma t ion  o f  5. l i v i d a n s  w i t h  the  corresponding recom- 
b i n a n t  plasmids. 
and do n o t  code f o r  PHS r e l a t e d  p ro te ins  i n  the  coupled t r a n s c r i p t i o n - t r a n s -  
l a t i o n  system. Rather, they  appear t o  a c t i v a t e  a normal ly  " s i l e n t "  PHS gene 
i n  5. l i v i d a n s .  
cloned - S. a n t i b i o t i c u s  PHS gene as a probe. 

These fragments do no t  over lap  t h e  2.4 kb s t r u c t u r a l  gene 

That gene has been i d e n t i f i e d  by Southern b l o t t i n g  using the 

1 0 1 8 5 1 8  
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A MECHANISM FOR THE S I T E - S P E C I F I C  E X C I S I O N  AND INTEGRATION 
OF THE SLPl ELEMENT OF STREPTOMYCES COELICOLOR: 

AND IWLICATIONS FOR THE FORMATION OF AUTONWOUS SLPl PLASMIDS 

Charles A. Omer and Stanley N. Cohen 
Department o f  Genet ics 

S tan fo rd  U n i v e r s i t y  Medical School 
Stanford, CA 94305 

SLPl i s  a gene t i c  element i n  the Streptomyces c o e l i c o l o r  A3(2) chromosome 

which can be t r a n s f e r r e d  t o  the c l o s e l y  r e l a t e d  s t r a i n  Streptomyces l i v i dans ,  

66 where i t  e x i s t s  as e i t h e r  a chromosomally i n t e g r a t e d  element o r  as an 

autonomous plasmid o f  from 10-14 kb (1 ) .  We have demonstrated t h a t  the 

i n t e g r a t e d  form of SLPl (SLP1 int) i s  a 1 7  kb DNA element t h a t  appears t o  

exc ise  f rom t h e  S. c o e l i c o l o r  chromosome and e x i s t  t r a n s i e n t l y  as a plasmid 

du r ing  t r a n s f e r  t o  a S. l i v i d a n s  SLP1' s t r a i n ( 2 ) .  Th is  t r a n s i e n t l y - e x i s t i n g  

plasmid can d i r e c t  i t s  s i t e - s p e c i f i c  i n t e g r a t i o n  i n t o  tne  S. l i v i d a n s  

chromosome a t  a unique locus t h a t  corresponds t o  t h e  o r i g i n a l  chromosomal 

l o c a t i o n  of SLPlint in S. c o e l i c o l o r .  

Kb SLPl sequence were constructed, 1) by i n  v i t r o  c i r c u l a r i z a t i o n  o f  

r e s t r i c t i o n  ewlonuclease generated DNA fragments o f  chromosomal DNA ca r ry ing  a 

tandem d u p l i c a t i o n  o f  SLPlint; 2 )  by mo lecu la r l y  c l o n i n g  i n  the E. c o l i  

plasmid pACYC177 o f  a 1 7  kb-BamHI - r e s t r i c t i o n  fragment t h a t  con ta ins  the 

Plasmids t h a t  c o n t a i n  the  complete 1 7  

canplete SLPlint sequence. When these plasmids were used t o  t rans form S. - 
l i v i d a n s  SLPl', the r e s u l t i n g  t ransformants contained the  SLPl sequence 

cnromosomally i n t e g r a t e d  a t  t he  same s i t e  as when the SLPlint sequence i s  

t r a n s f e r r e d  by mating. 

con ta in ing  the complete SLPl sequence, upon transformat ion the  exogenously 

I f  a d d i t i o n a l  DNA i s  i n s e r t e d  i n t o  the  plasmid 

de r i ved  segment w i l l  i n t e g r a t e  i n t o  tne  S. l i v i d a n s  chromosome along witn the 

SLP1 DNA. 
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The p h y s i c a l l y  autonomous SLPl plasmids obtained by mating S. c o e l i c o l o r  

w i th  S. l i v i d a n s  are s t r u c t u r a l  subsets o f  the t r a n s i e n t l y  e x i s t i n g  1 7  kb 

canp le te  SLPl plasmid. 

r e t a i n s  t h e  1.72 kb Pst  I fragment t h a t  con ta ins  the attachment s i t e  f o r  SLP1; 

b u t  has d e l e t e d  another r e g i o n  r e q u i r e d  for i n t e g r a t i o n .  

Tne l a r g e s t  SLP1 plasmid i s o l a t e d  by matings, SLP1.2, 

- 
The smal le r  SLPl 

plasmids nave l o s t  bo th  the attachment s i t e  and the r e g i o n  de le ted  i n  SLP1.2. 

We have cons t ruc ted  an SLPl plasmid i n  which o n l y  the 1.72 kb Pst  I fragment 

which con ta ins  the attachment s i t e  and an adjacent 0.4 kb  Ps t  I fragment a re  

de le tea .  

- 
- 

T h i s  cons t ruc ted  plasmid a l so  f a i l s  t o  i n t e g r a t e  i n t o  the  chromosome. 

A model f o r  t h e  s i t e - s p e c i f i c  e x c i s i o n  and i n t e g r a t i o n  o f  SLPlint and a 

p o s s i b l e  mechanism f o r  the fo rmat ion  of  t he  autonomous SLP1 plasmids w i l l  be 

presented. 

1. Bibb, M.J . ,  J.M. Ward, T. Kieser,  S.N. Cohen and D.A. Hopwood. 1981. 

2. Omer, C.A. and S.N. Conen. 1984. Mol. Gen. Genet. I n  press. 

Mol. Gen. Genet. - 184: 230-240. 
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T r a n x r t  __ ___ o f  I nve r tase  __ from the  Endoplasmic Reticulum t o  t h e  Golg i  Body -- i n  feast  

- 

Randy Schekman, I rene  Schauer, and Anton Haselbeck 

Degartment o f  B iochemist ry  
U n i v e r s i t y  o f  Ca l i f o rn ia ,  Berkeley 

Secre t ion  and c e l l  surface growth have been analyzed i n  S. ce rev i s iae  by the  
i s o l a t i o n  and c h a r a c t e r i z a t i o n  of c o n d i t i o n a l l y - l e t h a l  i i iutants t h a t  % e s p e c i f i c a l  l y  
b locked i n  these processes. Mutat ions i n  23 genes have been obta ined which cause 
secre tory  o rgane l les  (endoplasmic re t i cu lum,  Golgi bodies, secre tory  ves i c les )  and 
g l ycop ro te ins  t o  accumulate a t  a nonpert>iissive growth temperature. An add i t i ona l  
two genes a re  r e q u i r e d  f o r  t r a n s l o c a t i o n  of newly-synthesized polypept ides across the  
ER membrane. Mutants b locked e a r l y  i n  the  pathway have shown t h a t  g lycopro te in  car-  
bohydrate syn thes is  i s  compartmentalized: N-g lycos id ic  core o l igosacchar ides are 
added i n  the  ER, and o u t e r  cha in  o l igosacchar ides are  added i n  the  Golgi body. P a r t  
o f  t he  pathway de f i ned  by these mutants i s  a l so  requ i red  f o r  the  assembly o f  the 
yeas t  vacuole. 
Go lg i  body where they  a re  sor ted.  

Secretory  and vacuolar  p r o t e i n s  are t ranspor ted  from the  ER t o  the 

The r o l e  of s t r u c t u r a l  s igna ls  i n  intercompartmental t r a n s p o r t  has been addressed 
by the  i s o l a t i o n  o f  yeas t  i nve r tase  (E) mutat ions t h a t  r e s u l t  i n  delayed secret ion.  
Reten t ion  o f  f u l l  enzyme a c t i v i t y  i n  a secre t ion-de fec t ive  mutant inver tase  was used 
t o  d i s t i n g u i s h  t r a n s p o r t  l e s i o n s  from more general pe r tu rba t i ons  o f  p ro te in  s t ruc tu re .  
Two mutat ions t h a t  de lay  t r a n s p o r t  o f  core g lycosy la ted  inver tase ,  but  no t  ac id  phos- 
phatase, from the  endoplasmic r e t i c u l u m  have been mapped i n  the  5 '  coding reg ion o f  
SUC2. One muta t i on  (SUC2-sl) conver ts  an a l a  codon t o  Val a t  p o s i t i o n  -1 i n  the s i g -  
na l  peptide; t he  othe-UCZ-sZ) changes a t h r  t o  an i l e  a t  p o s i t i o n  +64 i n  the 
mature p r o t e i n .  Mu ta t i on  s l  r e s u l t s  i n  slow process ing o f  t he  s igna l  peptide which 
can account f o r  t h e  -50 f o l d  reduced r a t e  of t ranspor t .  s 2  Mutant inver tase  i s  
t ranspor ted  7 f o l d  more s l o w l y  than normal, w i t h  no de lay  i n  s igna l  peptide cleavage, 
and no de tec tab le  abnormal phys i ca l  p roper ty  of t he  enzyme. 

A f u n c t i o n a l  assay f o r  intercompartmental t r a n s p o r t  o f  i nve r tase  _ -  i n  v i t r o  has 
been developed. 
a d d i t i o n  o f  a-1,3 mannose u n i t s  t o  the ou te r  chain o l igosacchar ide ,  t h a t  occurs when 
inve r tase  i s  t ranspor ted  t o  the  Golg i  body. An an t ibody  d i r e c t e d  aga ins t  t h i s  l inkage 
w i l l  p r e c i p i t a t e  a c t i v e  inver tase ,  although the  m o d i f i c a t i o n  i s  n o t  essent ia l  because 
f u l l y  a c t i v e  i n v e r t a s e  i s  secreted by a mutant (mnnl) t h a t  i s  d e f e c t i v e  i n  the  a-1,3 
mannosyl t rans ferase.  Cgre-g lycosy lated inver tase ,ccumula ted  i n  the  ER i n  a p l e i o -  
t r o p i c  - sec mutant a t  37 C (sec l8 ) ,  prov ides a source of  ER donor membranes. 
o rde r  t o  ensure an in tercompartmenta l  reac t i on ,  t he  donor c e l l  a l so  c a r r i e s  the mnnl 
mutat ion,  and a r e c i p i e n t  c e l l  t h a t  i s  sec l8  ( o r  SEC18) MNNl and hSUC2 ( i n v e r t a s e  
gene de le ted )  i s  used t o  p rov ide  a d i s t i n c t  Golgi membrane. 
t o  t h e  r e c i p i e n t  must occur f o r  i nve r tase  t o  be converted t o  a form t h a t  i s  p r e c i p i -  
t a t e d  by t h e  a-l,3-man ant ibody.  
i s  converted i n  a r e a c t i o n  t h a t  requ i res  GDP-mannose and ATP, w h i l e  a t  3OoC o r  
37OC no t r a n s p o r t  i s  detected.  
s i t i v e .  Furthermore, t he  r e a c t i o n  i s  temperature s e n s i t i v e  when r e c i p i e n t  membranes 
a re  der ived  f rom sec o r  - SEC c e l l s ,  suggesting t h a t  t he  sec l8  l e s i o n  i s  i n  the donor 
membrane. 
d e f e c t i v e  i n  t r a n s p o r t  f rom the  ER a re  being examined t o  see which can becomple- 
mented. Success i n  t h i s  w i l l  a l l o w  p u r i f i c a t i o n  o f  f unc t i ona l  SEC gene products. 

The assay i s  based on a s p e c i f i c  carbohydrate mod i f i ca t i on ,  the  

In 

T r a n s 3  from the donor 

A t  24OC about 2 t o  4% o f  the ER-bounded inver tase  

sec l8  Mutant c e l l s  a re  s i m i l a r l y  temperature sen- 

Donor - rec ip ien t  mutant membrane combinations o f  the  o the r  9 sec genes 
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Protein Secretion in Bacillus and g. coli: 
Similarities and Differences 

J.O. Lampen, P.S.F. M6zes and M .  Hussain 
Waksman Ins t it u t e of Micro bio logy 

Rutgers - The State University of New Jersey 
Piscataway, NJ 08854 

Although Bacilli are efficient secretors of proteins, information on the 

mechanism of secretion is largely derived from comparisons with the process in 

Gram-negative bacteria. A major handicap is the paucity of mutants with a 

generalized defect in protein transport. The types of proteins secreted by 

Bacilli and their ultimate locations will be reviewed as well as the available 

evidence f o r  a secretory apparatus. The signal sequences of Bacilli differ 

from typical sequences in Gram-negative organisms in two ways: 1) The N- 

terminal segment is more positively charged and frequently longer, and 2 )  the 

hydrophilic stretch of small and polar residues continues beyond the probable 

signal peptide with further processing occurring here to form the mature extra- 

cellular protein. For the few identified products of signal peptidase action 

the sequences involved are consistent with the requirements for cleavage in 

Gram-negatives. Both a general and a lipoprotein-specific enzyme are present. 

Secreted proteins are synthesized on membrane bound ribosomes, and transport 

and processing can be coupled to translation. Nevertheless the relative resis- 

tance of some emerging proteins to external proteases implies the existence of 

stable structure at this stage and emergence relatively late in the growth o €  

the nascent chain. Processing by proteases is both an essential step in matura- 

tion and a major impediment in production of cloned foreign proteins. Factors 

affecting proteolysis will be discussed. 
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Membrane Assembly a n d  Bacterial Protein Export 

We have studied the process bywhich proteins o f  the - -  E .  coli  cell  surface 

are  exported through the plasma membrane. 

export process have been discovered: 

requirement for the membrane electr ical  potential ,  receptor proteins, a n d  

a n  endo-proteolytic processing by membrane bound leader peptidase. 

to study these events a t  a chemical level ,  we have cloned the gene f o r  

leader peptidase, purified the leader peptidase i t s e l f ,  a n d  isolated 

Several shared elements i n  this 

a n  amino-terminal 1 eader sequence, a 

I n  order 

chemically a n d  radiochemically pure M13 procoat protein. 

have been reconsti tuted using these components i n  a liposomal reaction. 

These studies,  and  those from other laboratories,  have shown t h a t  protein 

export i n  bacteria c e l l s  shares features ascribed to protein translocation 

i n  endoplasmic reticulum a n d  mitochondria i n  eukaryotic c e l l s .  

Assembly events 



EXPORT OF PROTEIN I N  BACTERIA  

1 Linda L .  Randall ’ ,  Eva M u r h  ’ Biochemis t ry lB iophys ics  Program, Washington S ta te  U n i v e r s i t y ,  Pullman, WA 99164-4660 
2Fachgebiet M ik rob io log ie ,  U n i v e r s i t a t  Osnabruck, FRG 

and Ever t  P. Bakker‘ 

T rans loca t ion  o f  p r o t e i n  across the  cytop lasmic membrane d u r i n g  sec re t i on  i n t o  the  
per ip lasmic  space i s  independent o f  e longa t ion  o f  t h e  po lypept ide  i n  E .  c o l i .  Thus 
we cannot invoke t h e  energy o f  p r o t e i n  syn thes is  as t h e  d r i v i n g  f o r c e i n  passage 
o f  the p r o t e i n  through the  membrane. Since s e c r e t i o n  i n  b a c t e r i a  requ i res  p ro ton  
mot ive force, t he  c e l l  might  u t i l i z e  the  e l e c t r i c  component o f  proton mot ive f o r c e  
t o  d r i v e  t r a n s f e r .  Data w i l l  be presented i n d i c a t i n g  t h a t  the  energy requirement i s  
s a t i s f i e d  by the  t o t a l  p ro ton  mot ive f o r c e  w i t h  no s p e c i f i c i t y  f o r  e i t h e r  t h e  membrane 
p o t c n t i a l  O i -  the pH g rad ien t .  Mechanisms t h a t  e x c l u s i v e l y  u t i l i z e  the  e l e c t r i c a l  - 
p o t e n t i a l  a re  n o t  c o n s i s t e n t  w i t h  these observa t ions .  A l t e r n a t i v e s  must be 
considered. 
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RECOMBINANT DNA STUDIES I N  CEPHALOSPORIUM ACREMONIUN. S. W. Queener, T. 0. 
Ingolia, P. L. Skatrud, J. L. Chapman, K. R. Kaster, Eli Lilly arid Coiiipany, 
Indianapolis, Indiana 46285 

The  fungus, CephalosEium - dcremoiiium, I S  u s e d  in commercid1 p roduc t  toil of 
cephalosporin C (CPC). CPC is an intermediate in the manufacture of  at 
least eight different clinically useful cephalosporin antibiotics. A 
transformation system was developed for C. acremonium which will allow 
directed construction of strains with characteristics that enhance the 
manufacture of clinically useful cephalosporin antibiotics. 

Plasmid pIT221 was constructed from nine starting materials. 
elements in pIT221 include sequences from pBR322, which allow replication 
and selection in E. coli, an autonomous replication sequence ( A R S )  from C. 
acremonium, which-functions in yeast, [Current GenetTcs (198418: 155-1631-and 
a hybrid antibiotic resistance marker [Current Genetics (1984)8:353-3581. 
The hybrid gene was constructed by splicing the promoter region of the 
phosphoglycerokinase (PGK) gene from Saccharomyces cerevisiae to the protein- 
coding region of a hygromycin-phosphotransferase (HPT) gene from plasmid 
pKC203 (in E. coli ATCC 31912). 

Conditions were developed which allowed C. acremonium (XTCC 11550) protoplasts 
to take up pIT221 DNA, regenerate cell walls, and express the HPT protein- 
coding sequence. Important parameters for successful transformation include 
the conditions used to prepare cells for protoplasting, time allowed to 
digest cell walls, concentration of PEG in the transformation mixture, and 
temperature at which regeneration is carried out. 
detected by overlaying with hygromycin B to a final plate concentration of 
100 mcg/ml which killed all cells not exposed to pIT221 DNA. 
lo8 protoplasts in a 10 ml transformation mixture were exposed to 20 mcg of 
pIT221 DNA, between 1 and 16 hygrornycin-resistant transformants (total 92) 
were regenerated on selective medium and subcultured in 11 of 14 experiments. 
Abortive transformants which failed to transfer on subculture to fresh 
selective medium were also observed. Southern analyses were performed w i t h  
three transformants and the untransformed wild type using (32P]pBR322 and a 
second 32P-probe that allowed detection of the bacterial HPT protein coding 
sequences. Each of the C. acremonium transformants contained pBR322 sequences 
and HPT sequences in theTr high molecular weight (HMW) DNA. 
untransformed wild type did not contain any sequences that hybridized to 
either probe. In vitro HPT assays were performed on ATCC 11550 and trans- 
formants derived from ATCC 11550 (See Abstract /1134, "Phosphotransferase 
Activity in C .  acremonium, J. Chapman and S. W. Queener) and independently 
confirmed the transformation events. Restriction digestion of total DNA 
from transformant CPC-TI and Southern hybridization of the resulting DNA 
fragments indicated multiple inserts of  pIT221 DNA in the HMW DNA of the 
fungal transformant. CPC-TI retained its ability to produce CPC in a 
fermentor containing medium without hygromycin B. All cells sampled at 
harvest were still resistant to hygromycin B. 

Genetic 

- -  

Expression was easily 

When 2 - 3  x 

DNA of the 

-- 

Modifications of pIT221 designed to increase transformation frequency in 
C. acremonium have been conducted (See Abstract K133, "Construction of 
Plasmids Containing - C. acremonium Ribosomal DNA", P.L. Skatrud et. - -  al.). 

I 0 1 6 5 2 5  



DEVELOPMENTALLY REGULATED EXPRESSION OF THE ASPERGILLUS NIDULANS 
SPOCl GENE CLUSTER. B.L. M i l l e r ,  K.Y.  Mi l l e r  and  W.E. T i m b e r l a k e ,  
Un ive r s i ty  o f  Ca l i f . ,  Davis,  C a l i f .  The SpoCl gene c l u s t e r  i s  a 37 kb 
region of  t h e  A s p e r g i l l u s  n idu lans  genome which codes f o r  a t  l e a s t  
19 deve lopmenta l ly  r egu la t ed  poly(A)+RNAs and i s  bordered by 1.1 kb 
d i r e c t  r epea t s .  T r a n s c r i p t s  from t h e  c e n t r a l  p o r t i o n  o f  t h e  c l u s t e r  
( w i t h  one excep t ion  ) appear l a t e  i n  conid iophore  development and 
accumulate  s p e c i f i c a l l y  i n  asexual  spores .  However, t hose  t r a n s c r i p t s  
encoded a t  t h e  bo rde r s  of  t h e  c l u s t e r  a r e  d e t e c t e d  i n  both somat ic  c e l l s  
and spores .  These r e s u l t s  i n d i c a t e  t h a t  a chromat in  l e v e l  c o n t r o l  
mechanism o p e r a t i n g  over  t h e  SpoCl domain may be one aspec t  of t h e  
coord ina ted  expres s ion  of  genes w i t h i n  t h e  c l u s t e r  ( Gwynne, B. M i l l e r ,  
K.  M i l l e r  and Timberlake,  J. molec. biol . ,  i n  p r e s s  1. We have begun 
an i n v e s t i g a t i o n  of  t h e  mechanisms r e g u l a t i n g  expres s ion  of t h e  c l u s t e r  
by t ak ing  advantage  of  DNA-mediated t r a n s f o r m a t i o n  of  n idulans  t o  
1) r e l o c a t e  s t r o n g l y  r egu la t ed  genes from t h e  c l u s t e r  t o  o t h e r  chromosomal 
p o s i t i o n s ,  2) c r e a t e  d i s r u p t i o n s  i n  t h e  c l u s t e r ,  3)  c r e a t e  muta t ions  in  
genes w i t h i n  t h e  c l u s t e r  v i a  gene replacement  and 4 )  in t roduce  a 
non-developmentally r egu la t ed  gene ( a r g  B 
c l u s t e r  d i s r u p t i o n .  P re l imina ry  r e s u l t s  i n d i c a t e  t h a t  chromosomal 
p o s i t i o n  may be  involved in  the  c o r r e c t  r e g u l a t i o n  of  a t  least  one of 
t h e  two genes  from t h e  c l u s t e r ,  a l though t h e  d i f f e r e n t i a l  accumulat ion 
of t h i s  t r a n s c r i p t  i n  spores  ve r sus  hyphae i n d i c a t e s  t h a t  a pos i t i on -  
independent component of r e g u l a t i o n  is  a l s o  involved. Dis rupt  ion of  t h e  
SpoCl c l u s t e r  by t h e  i n s e r t i o n  of  10.2 kb of  DNA does not appear  t o  
a f f e c t  t h e  c o r r e c t  r e g u l a t i o n  of those  genes loca t ed  on e i t h e r  s i d e  of 
t h e  i n s e r t .  

i n t o  t h e  SpoCl region v i a  
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The Role of  m R N A  S t r u c t u r e  i n  the 

Regulat ion of P r o t e i n  Synthes is :  

Imp l i ca t ions  f o r  I n d u s t r i a l  Genet ic  Engineer ing 

John N .  Vournakis and Calv in  P. H. Vary 

Department of Biology, Syracuse Un ive r s i ty ,  Syracuse,  New York 

A method is desc r ibed  f o r  t h e  exper imenta l  de t e rmina t ion  of t h e  secondary 

s t r u c t u r e  of R N A  u s i n g  enzymatic  and chemical  c l eavage  d a t a  coupled with 

computer a n a l y s i s .  The s t r u c t u r e - s p e c i f i c  enzymes S1 n u c l e a s e ,  T2 RNase and 

cobra  venom r ibonuc lease  are used t o  locate nonpaired and base-paired 

nuc leo t ides .  

methidium-propyl EDTA-Fe (11), which b inds  t o  base-paired nuc leo t ides  and 

c l eaves  RNA i n  t h e  presence  of D T T ,  is ana lysed  by a computer-based 

microdens i tomet r ic  technique  t o  provide  g r e a t  d e t a i l  i n  i d e n t i f y i n g  double  

s t randed  reg ions .  

in format ion  t o  g e n e r a t e  a minimum free-energy s t r u c t u r e  are used t o  o b t a i n  

secondary s t r u c t u r e  models. A second method, u s i n g  acrylamide-agarose g e l  

e l e c t r o p h o r e s i s ,  i s  desc r ibed  fo r  t h e  de t e rmina t ion  of t h e  r e l a t i v e  p r o t e i n  

s y n t h e s i s  i n i t i a t i o n  ra tes  of end-labeled e u k a r y o t i c  mRNAs. 

a p p l i e d  t o  a number of small p roka ryo t i c  R N A s  and t o  t h e  r a b b i t  g lobin  m R N A s  as 

a n  example of a g e n e r a l  approach f o r  r e l a t i n g  RNA s t r u c t u r e  and func t ion .  

d i scuss ion  of t h e  ro l e  of messenger RNA s t r u c t u r e  i n  t h e  r egu la t ion  of 

t r a n s l a t i o n  is  inc luded  wi th  a n  emphasis on a p p l i c a t i o n s  t o  product ion of 

p r o t e i n s  by g e n e t i c  engineer ing .  

N e w  in format ion  obta ined  wi th  t h e  i n t e r c a l a t i n g  agent  

B 
Computer techniques  t h a t  ' u t i l i z e  t h e  enzymatic s u s c e p t i b i l i t y  

These methods are 

A 
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