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1913 I STREET, N.W.
AMERICAN SOCIETY FOR MICROBIOLOGY | Wasaneron, D. C. 20006

: 202, 833-9680
OFFICE OF MEETINGS AND EXHIBITS TeLEPHONE: CODE

November 11, 1985 DE,F(,‘,()S

Ms. Joyce Carringer

Contract Management Branch
Procurements and Contracts Division
U.S. Dept. of Energy

Oak Ridge, TN 37381

Dear Ms. Carringer:

As directed by the Department of Energy, enclosed are two copies of the Final
Performance Report and three copies of the Final Filnancial Status Report for the
ASM Conference on Genetics and Molecular Biology of Industrial Microorganisms
which was funded in part by a grant from the Department of Energy.

Two copies of the conference program, abstracts of invited speakers and poster
sessions are also enclosed. I am also sending along for your reference a copy of

Microbiology 1985 which contains extended abstracts of the symposia
presentations.

Again, on behalf of ASM, thank you for supporting us in presenting this highly
successful meeting.

Sincerely,

o C 4,

Rita C. Vogler

Meeting Operations Coordinator

rcv:mob

Enclosure

cc: Richard A. Bray
Richard Franetzki

Michael Goldberg
George Hegeman
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1913 I STREET, N.W.
AMERICAN SOCIETY FOR MICROBIOLOGY | Wasangron, D. C. 20006

: . - 0
OFFICE OF MEETINGS AND EXHIBITS TeLeruonz: CooE 202, 833-968

FINAL PERFORMANCE REPORT

Third ASM Conference On Genetics And Molecular Biology of Industrial
Microorganisms
September 30- October 3, 1984
Bloomington, Indiana
Supported By The U.S. Department Of Energy
Under Grant DE~FG05-84 ER 13284

Under the aegis of the American Society for Microbiology and with the support of
the U.S. Department of Energy, the National Science Foundation, and sixteen
corporate sponsors, 400 government, corporate, and university scientists met
September 30 through October 3, 1984 at Indiana University, Bloomington, for the
third ASM Conference on Genetics and Moelcular Biology of Industrial
Microorganisms (GMBIM-3).

The conference was comprised of 8 symposium sessions (a total of 34 forty minute
talks) and two poster sessions (72 presentations). Topies treated ranged widely
over the genetics and bilochemistry of numerous microbes of industrial interest
and thelr economically significant products. Genetics and gene expression in
Streptomyces constituted a major theme as did expression in Saccharomyces,
genetic engineering in fungi and bacteria, and the role of plasmids in encoding
genes for pathways for synthesis of novel and interesting products in microbes.

A complete program and abstracts of the symposium and poster sessions were
distributed to participants at the Conference and extended abstracts of the
symposium presentations were published in Microbiology 1985, pp. 363-479, L.
Lieve, ed., American Society for Microbiology, Washington, D.C., (1985).

GMBIM~3, like its predecessors, was deemed successful (see enclosed Conference
review, by Dean Taylor, ASM News 51: 135-138, 1985). Because of rapid advances
in the areas covered and continuing interest, there will be a GMBIM-4 under
similar auspices and in the same location in 1988.

Copies of the conference program, abstracts of invited speakers and poster

sessions, and list of registered attendees have been attached for further
reference.
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ASM CONFERENCE ON GENETICS AND MOLECULAR BIOLOGY OF INDUSTRIAL MICROORGANISMS
30 September — 3 October, 1984
Bloomington, Indiana

PREREGISTERANTS LISTING

Alexander, Nancy J., USDA/NRRC, 1815 N. University Street, Peoria, IL 61604

Anagnost, James A., Schering Corporation, 60 Orange Street, Bloomfield, NJ 07003
Anderson, Linda M., Miles Labs, Inc., P. O. Box 932, Elkhart, IN 46515

Armstrong, Katherine, Dow Chemical Co., 1701 Building, Midland, MI 48640

Bailey, David G., U.S. Dept. of Agriculture, 600 E. Mermaid Lane, Philadelphia, PA 191%.8

Ball, Christeopher, Panlab Genetics, Inc., 110 - 110th Ave., N.E., Suite 704, Bellevue, ® A
98004

Baltz, Richard, Eli Lilly Research Laboratories, 307 E. McCarty Street, Dept. MC627,
Indianapolis, IN 46285

Barney, Michael C., Miller Brewing Company, 3939 W. Highland Blvd., Milwaukee, WI 5320E

Benzinger, Rolf M., National Science Foundation, Genetic Biology Program, 1800 G Street.,,
N.W., Washington, D.C. 20550

Bernan, Valerie S., Georgetown University Medical School, 3900 Reservoir Rd., N.W.,
Washington, D.C. 20007

Bibb, Mervyn, John Innes Institute, Department of Genetics, Colney Lane, Norwich NR4 7UH,
England

Birmingham, Virginia A., Eli Lilly & Company, 307 E. McCarty Street, Indianapolis, IN
46285

Birnbaum, Jerome, Merck Sharp & Dohme Research Laboratories, P.0. Box 2000, Rahway, NJ
07065

Blaschek, Hans P., University of Illinois, Dept. of Food Science, 905 S. Goodwin, Urbana,
IL 61801

Bok, Song H., Hoffmann-La Roche, Inc., 340 Kingsland Street, Nutley, NJ 07110

Boyer, Ernest W., Miles Laboratories, Inc., Biotechnology R&D, P.0O. Box 932, Elkhart, IN
46515

Brawner, Mary E., Smith Kline & French Laboratories, 1500 Spring Garden Street, P.0. Box
7929, Philadelphia, PA 19101

Bromberg, Susan K., Miller Brewing Co., 3939 W. Highland Blvd., Milwaukee, WI 53201
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Brown, Nathaniel H., Schering Plough Corp., 60 Orange St., Bloomfield, NJ 07003

Bruce, Barbara J., The Upjohn Co., Molecular Biology Research 7242-209-7, 301 Henrietta
Street, Kalamazoo, MI 49081

Buchanan, Mary L., Miles Laboratories, Inc., 1127 Myrtle St. PO Box 932, Elkhart, IN 46515
Buckingham, Tod A., University of Nebraska, 1407 No. 47th, Lincoln, NE 68503

Burke, Brian E., The Ohio State University, Dept. of Microbiology, 5019 N. High St.,
Box 29, Columbus, OH 43210

Burnett, J. Paul, Lilly Research Laboratories, 37 East McCarty Street, Indianapolis, IN
46285

Buxton, Frank P., Allelix, Inc., 6850 Goreway Drive, Mississauga, Ontario, CANADA L4v 1pl

Byng, Graham S., Miles Laboratories, Inc., Biotechnology Group, P. O. Box 932, Elkhart, IN
46515 :

Calcott, Peter H., Dow Chemical Company, CR-Biotechnology Lab, 1701 Building, Midland, MI
48640

Cape, Ronald E., Cetus Corporation, 1400 Fifty-Third Street, Emeryville, CA 94608

Cary, Jeffrey W., Louisiana State University, Dept. of Microbiology, 508 Life Sciences
Building, Baton Rouge, LA 70803

Cassini, Glovanni R., Lepetit Spa, Via Durando 38, Milano, Italy 20158
Chan, Peter T., Dow Chemical Co., CR-Biotechnology Lab, 1701 Building, Midland, MI 48640

Chang, L.T., Bristol-Myers Co., Bristol-Myers Industrial Division, Box 4755, Syracuse, NY
13221-4755

Chapman, Jerry L., Eli Lilly and Company, 307 East McCarty Street, Indianapolis, IN 46285

Chater, Keith, John Innes Institute, Dept. of Genetics, Colney Lane, Norwich NR4 7UH,
England

Chen, Chien, University of Cincinnati, College of Medicine, Dept. of Microbiology &
Molecular Genetics, Cincinnati, OH 45267

Chen, Li-Chun, Ohio State University, Dept. of Chemistry, 1043 Jones Tower, Columbus, OH
43210

Chung, Shiau-Ta, Upjohn Company, Fermentation Research and Development Unit, Kalamazoo, ML
49001

Clark, David Worth, Bethesda Research Laboratories, 8717 Grouemont Circle, P. O. Box 6009,
Gaithersburg, MD 20877

Coats, John H., The Upjohn Company, Infectious Diseases Research, Henrietta Street,
Kalamazoo, MI 49001
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Cohen, Stanley N., Stanford University School of Medicine, Department of Genetics,
Stanford, CA 94305

Cole, Sheri P., Purdue Univérsity, ,» W. Lafayette, IN 47907

Coleman, Rebecca H., University of Illinois Urbana-Champaign, Microbiology Dept.
342 Burrill Hall, Urbana, IL 61801

Coleman, Robert D., CPC International, Biotechnology Dept., Moffett Technical Center, Box
345, Summitt-Argo, IL 60501

Cox, Donald P., Janssen Pharmaceutica, 40 Kingsbridge Road, Piscataway, NJ 08854
Cox, Karen L., Eli Lilly & Company, 307 E. McCarty Street, Indianapolis, IN 46285
Crabb, W. Douglas, Genencor, Inc., 180 Kimball Way, South San Francisco, CA 94080
Cruze, John A., Phillips Petroleum Co., 222 CPL, PRC, Bartlesville, OK 74004
Davies, Julian, Biogen SA, 3 Route De Troinex, 1227 Carouge IGE, Switzerland

Day, Lawrence E., Eli Lilly & Co., 307 E. McCarty Street, Indianapolis, IN 46285

Dekleva, Michael L., Ohio State University, Dept. of Microbiology, 484 West 12th, Columbus,
OH 43210

DeLorbe, William J., Molecular Genetics, Inc., 10320 Bren Road East, Minnetonka, MN 55343

Demain, Arnold, Massachusetts Institute of Technology, Dept. of Nutrition and Food Science,
Room 56-123, Cambridge, MA 02139

DeWitt, Janet P., Abbott Laboratories, D-451, R-5, North Chicago, IL 60064

Dey, Chitta Ranjan, Univ. of Cincinnati College of Medicine, 231 Bethesda Avenue,
Cincinnati, OH 45267

Dilts, Judith A., University of South Dakota, Dept. of Microbiology, Vermillion, SD 57069
Dizikes, George, UCLA, 10801 Rose Ave. Apt 10, Los Angeles, CA 90034

Dolan, Kathy M., The Ohio State University, Dept. of Microbiology, 484 West 12th Avenue,
Columbus, OH 43210

Donovan, Mary Jo, University of Louisville, School of Medicine, Dept. Microbiology &
Immunology, Health Sciences Center, Louisville, KY 40292

Dooley, Thomas P., Indiana University, Dept. of Biology, Jordan Hall, Bloomington, IN
47405

Duncan, Janice S., Ohio State University, Dept. of Chemistry, 140 W. 18th Ave., Columbus,
OH 43210

Duncombe, George R., Miller Brewing Company, 3939 W. Highland Blvd., Milwaukee, WI 53201
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Dwyer, Mary T., Dalhousie University, Microbiology Dept., 7th Floor, Sir Charles Tupper
Medical Bldg., Halifax, Nova Scotia, Canada B3H 4H7

Eckhardt, Thomas G., Smith Kline and French Laboratories, P.0O. Box 7929, Philadelphia, PA
19101

Ef thymiou, Constantine J., St. John's University, Dept. of Biological Sciences, Jamaica, NY
11439

Egan, Kevin M., AMGen, 1900 Oak Terrace Lane, Thousand Oaks, CA 91320
Epp, Janet K., Eli Lilly & Co., 307 E. McCarty St., Indianapolis, IN 46285

Eveleigh, Douglas E., Rutgers University, Biochemistry & Microbiology, Cook College, New
Brunswick, NJ 08903

Fayerman, Jeffrey, Eli Lilly Research Laboratories, 307 E. McCarty Street, Dept. MC627,
Indianapolis, IN 46285

Feitelson, Jerald S., American Cyanamid Company, Lederle Laboratories, Pearl River, NY
10965 :

Feldberg, Larry R., American Cyanamid Company, 697 Route 46, P.O. Box 2088, Clifton, NJ
07015

Fischhoff, David A., Monsanto Co., 800 N. Lindbergh Blvd., St. Louis, MO 63167
Fishman, Scott E., Eli Lilly & Co., 307 E. McCarty Street, Indianapolis, IN 46285

Floss, Heinz G., Ohioc State University, Dept. of Chemistry, 140 W. 18th Ave., Columbus, OH
43210

Force, Leonard J., Alerta Research Council/Bio Logicals Joint Venture, 11315 87 Avenue,
Edmonton, Alberta, Canada T6E 2CZ

Fujii, Isao, Ohio State University, Dept. of Chemistry, 140 W. 18th Ave., Columbus, OH
43210

Gallo, Benedict J., U.S. Army Research & Development Center, Science & Advanced Technology
Laboratory, Natick, MA 01760

Galluppi, Gerald R., Monsanto Company, 800 N. Lindbergh Blvd., St. Louis, MO 63167
Garcia, Jose L., Antibioticos S.A., Brava Murillo 38, Madrid, SPAIN 28015

Garvin, Robert T., Cangene Corp., 6291 Dorman Rd. Unit #12, Mississauga, Ontario, Canada
14V 1Ké6

Geiger, Jon R., Olin Research Center, P.O. Box 586, Cheshire, CT 06410-0586
Gibb, Greg D., Ohio State Univesity, 5028 Dierker Road, #BS5, Columbus, OH 43220

Gillum, Amanda M., E. R. Squibb & Sons, Inc., P. O. Box 4000, Princeton, NJ 08540
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Gingeras, Thomas R., The Salk Institute Biotechnology/Industrial Associates, P.0. Box
85200, San Diego, CA 92138

Gold, Larry, University of Colorado, MCDB, Boulder, CO 80309

Goldberg, Alfred, Harvard Medical School, Dept. of Physiology and Biophysics, 25 Shattuck
St., Boston, MA 02115

Goldberg, Richard B., Merck & Co., Inc., R50G-203, Merck Sharp and Dohme, Rahway, NJ 07065
Golden, Frank J., U.S. Food and Drug Administration, 67 Moore Avenue, Kenmore, NY 14223
Graham, R. Scott, The Upjohn Company, 7242-209-6, Kalamazoo, MI 49001

Grosch, Josephine C., Miles Laboratories, Inc., 1127 Myrtle St. (Bldg. 17), P. O. Box 932,
Elkhart, IN 46515

Groves, David, Imperial Chemical Industries, Corporate Bioscience Group (ICI PLC), P.O. Box
11, The Heath, Runcorn, Cheshire, ENGLAND WA7 4QE

Grund, Alan D., University of Wisconsin, School of Pharmacy, 425 N. Charter St., Madison,
W1 53706

Guarante, Leonard, Massachusetts Institute of Technology, Dept. of Biology, Cambridge, MA
02139

Guijarro, Jose, Harvard University, The Biological Laboratories, 16 Divinity Avenue,
Cambridge, MA 02138

Guterman, Sonia K., Biotechnica International Inc., 85 Bolton Street, Cambridge, MA 02140
Guyer, Mark S., Genex Corp., 16020 Industrial Dr., Gaithersburg, MD 20877

Haas, Elizabeth S., Ohio State University, Department of Microbiology, 484 W. 12th Avenue,
Columbus, OH 43210

Haas, Michael J., U.S. Dept. of Agriculture, 600 E. Mermaid Lane, Philadelphia, PA 19118
Hafner, Edmund W., Signal UOP Research Center, 50 UOP Plaza, Des Plaines, IL 60016-6187

Hampson, Brian, University of Illinois, Dept. of Food Science, 905 S. Goodwin, Urbana, IL
61801

Harriman, Ph111p>D., National Science Foundation, 1800 G St., NW, Washington, D.C. 20550

Hartley, Donna L., Medical College of Virginia, Virginia Commonwealth University, MCV
Station, Richmond, VA 23298

Hartman, Jacob R., Biotechnology General Ltd., Kiryat Weizmann, Rehovot, ISRAEL 76326

Hauer, Bernhard F., BASF, ZH/BC-A30 BASF AG, Ludwigshafen, FEDERAL REPUBLIC OF GERMANY
6700
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Hayes, Michael V., Glaxo Group Research Ltd., Biotechnology Dept., Greenford Road,
Greenford, Middlesex, ENGLAND UB6 QHE

Heden, Lars-0Olof, KabiGen AB, S-112 87, Stockholm, Sweden

Hegeman, George, University of Indiana, Biology Department, Jordan Hall, Bloomington, IN
47405

Heim, Jutta M., Ciba~Geigy Ltd., Dept. Biotechnology, U-681.346, Basel, SWITZERLAND
CH-4002

Herber, Wayne K., Georgetown University Medical School, 3900 Reservoir Rd, N.W.,
Washington, D.C. 20007

Herrold, Richard E., Ohio State University, Chemistry Dept., 88 W. 18th Ave., Columbus, OH
43210

Hershberger, Charles L. , Eli Lilly & Company, 307 E. McCarty Street, Indianapolis, IN
46285

Heruth, Dan, University of South Dakota School of Medicine, Dept. of Microbiology,
Vermillion, SD 57069 '

Hess, Gerald F., The Upjohn Company, 7242-209-6, Kalamazoo, MI 49001
Heyneker, Herbert L., Genencor, 180 Kimball Way, South San Francisco, CA 94080

Hill, John C., Northwestern University, Dept. Molecular Biology, 303 E. Chicago, Chicago,
IL 60611

Hintermann, Gilberto, Mikrobiologisches Institut, Eth-Zentrum Universitatstr, 2, Zurich,
SWITZERLAND 8092

Hirshfield, Irvin N., St. John's University, Dept. Biological Sciences, Jamaica, NY 11439

Hjorth, Rolf RH, BioCell Laboratories HB, S751-82, Uppsala, Sweden

Hoffman, Guy G., University of Wisconsin, School of Pharmacy, 425 N. Charter Street,
Madison, WI 53706

Hopper, John B., Ohio State University, Microbiology Dept., 484 W. 12th Avenue, Columbus,
OH 43210

Hopwood, David, John Innes Institute, Dept. of Genetics, Colney Lane, Norwich NR4 7UH,
England

Hornemann, Ulfert, University of Wisconsin, School of Pharmacy, 425 N. Charter Street,
Madison, WI 53706

Horvath, Barbara A., Upjohn Co., 7000 Portage Road, Kalamazoo, MI 49001
Hsu, Charles J., Rohm and Haas Co., 727 Norristown Road, Springhouse, PA 19477

Hu, Wei-Shou, University of Minnesota, 421 Washington Avenue, SE, Minneapolis, MN 55455
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Hughes, Patricia F., Genex Corporatioa, 16020 Indestrial Drive, Galthershurg, WD 20877

Humphreys, Gwynfor O., Celltech Ltd., Dept. of Microbial Genetics, 230 Barh Road, Slough
Berkshire, ENGLAND SL1 4DY

Hussain, Musaddeg, Rutgers University, Waksman Institute of Microbioclogy, P. O. Box 759,
Piscataway, NJ 08854

Hutchinson, C. Richard, University of Wisconsin, School of Pharmacy, 425 K. Charter Stree
Madison, WI 53706

Illingworth, Charles A., University of Wisconsin, School of Pharmacy, 425 N. Charter
Street, Madison, WI 53706

Ingolia, Thomas D., Eli Lilly and Company, 307 E. McCarty Street, Indianapolis, IN 46285
Jackson, David, Genex Corporation, 16020 Industrial Drive, Gaithersburg, MD 20877
Jackson, Marianna, Abbott Laboratories, D-47P, North Chicago, IL 60064

Jacobson, Gunnard K., Universal Foods Corp., 6143 N, 60th Street, Milwaukee, WI 53218
Jellis, Cindy L., Repligen Corp., i0{ Binney Street, Cambridge, MA 02142

Johnson, Charles, Syntro Corp., 10655 Sorrento Valley Road, San Diego, CA 92121

Jolly, Setsuko 0., Universal Foods Co., 6143 N. 60th St., Milwaukee, WI 53218

Jones, George, University of Michigan, 2084 Natural Sciences Bldg., Dept. of Biochemistry
Division of Biological Sciences, Ann Arbor, MI 48109

Jones, Michael D., Eli Lilly & Co., MC627, 307 E. McCarty Street, Indianapolis, IN 46285

Katz, Edward, Georgetown University School of Medicine, Dept. of Microbiology, 3900
Reservoir Road, Washington, D.C. 20007

Katz, Leonard, Abbott Laboratories, Abbott Park, North Chicago, IL 60064
Keggins, Kathleen M., IGI Biotechnology, 9110 Red Branch Road, Columbia, MD 21045
Keith, Paula M., IMC Corp, Microbiology R & D, Terre Haute, IN 47808

Kendrick, Kathleen E., Ohio State Univesity, Dept. of Microbiology, 484 West 12th Avenue,
Columbus, OH 43210

Khalifa, Khalifa Ibrahim, , 867 Beacon Street, Apt. #3, Boston, MA 02215

Kim, Young J., Korea Steel Chemical Co. Ltd., Kolon Bldg 6th Floor, 45 Mugyo-Dong, Jung—Gu,
Seoul, Korea

Kinashi, Haruyasu, University of Wisconsin, School of Pharmacy, 425 N. Charter St.,
Madison, WI 53706
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Kleid, Dennis, Genentech, Inc., Dept. of Vaccine Development

, 460 Point San Bruno
Boulevard, South San Francisco, CA 94080

Kovacevic, Steven, Eli Lilly and Company, 307 E. McCarty Street, Indianapolis, IN 46285

Krogsrud, Richard L., University of Guelph, Department of Chemistry & Biochemistry, Guelph
Ontario, Canada NIG 2Wl

Krohn, Ingrid M., Butterworth Publishers, 80 Montvale Avenue, Stoneham, MA 02180

Krzyzek, Richard A., Molecular Genetics, Inc., 10320 Bren Road East, Minnetonka, MN 55343

Kuhstoss, Stuart A., Lilly Research Laboratories, 307 E. McCarty Street, Indianapolis, IN
46285

Lago, Barbara D., Merck & Co., Inc., P.0. Box 2000, Rahway, NJ 07065

Lampel, Jay S., Ohio State Univesity, Dept. of Microbiology, 484 West 12th Avenue,
Columbus, OH 43210

Lampen, J. Oliver, Rutgers University, Waksman Institute of Microbiology, P.0. Box 759,
Piscapaway, NJ 08854

i

Lampen, Oliver, Waksman Institute of Microbiology, Rutgers University, P.0. Box 759,
Piscataway, NJ 08854

Lancini, Giancarlo, Lepetit Rej. Lab, via Durando 38, Milano, Italy 20158

Larson, Jeffrey L., Eli Lilly & Co., 307 E. McCarty Street, Indianapolis, IN 46285
Lasure, Linda L., Miles Laboratories, 1127 Myrtle St., P.0. Box 932, Elkhart, IN 46516
Lawrence, Ellen B., Monsanto, 800 N. Lindbergh, St. Louis, MO 63167

Lee, Jung J., Ohio State University, Dept. of Chemistry, 140 W. 18th Ave., Columbus, OH
43210

Lein, Joseph, Panlabs, Inc., P. O. Box 190, Deer Harbor, WA 98243
Leitner, Ernst, BIOCHEMIE Gesellschaft m.b.H., A~6250, KUNDL/Tyrol, AUSTRIA

Lessie, Thomas G., University of Massachusetts, Department of Microbiology, Amherst, MA
01003

Lewis, Herman W., National Science Foundation, 1800 G. St N.W., Washingtom D.C., 20550
Lin, Norm S., Genentech, Inc., 460 Point San Bruno Blvd., South San Francisco, CA 94080
Liu, Chung-Cheng, Genentech, Inc., 460 Pt. San Bruno Blvd., South San Francisco, CA 94080

Liu, Ci-Jun, University of Maryland , School of Pharmacy, Rm 547, 20 North Pine Street,
Baltimore, MD 21201
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Cambridge, MA 02138

Lotvin, Jason A., Schering Corporation, 60 Orange Street, Bloomfield, NJ 07003

Love, Susan F., Lederle Laboratories Medical Research Division, 96A/207, Pearl River, NY
10965

Lovett, Paul, University of Maryland, Dept. of Biological Sciences, Catonsville, MD 21228
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Lydiate, Derek J., John Innes Institute, Dept. of Genetics, Colney Lane, Norwich, England
NR4 7UH
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[l

H
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07090
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Chicago, IL 60611

Makins, John, Bristol-Myers, Fermentation Development, Industrial Division, P.0. Box 657,
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672, 601 Elmwood Ave., Rochester, NY 14642
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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-
ganisms (GMBIM) was held 30 Septem-
ber to 3 October 1984. The proceedings
will be published in Microbiology—1985
by the American Society for Microbiolo-
8y, 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
scientista from 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
after 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 ap-
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 appearing. 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 ap-
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-
romyces cerevisiae 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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pdology 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 (pof) 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 cycl gene
of S. cerevisiae by using lacZ fusions.
As has been observed in other sys-
tems, the promoter requires a TATA
sequence at —30 base pairs (bp) up-
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, UAS1 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. cerevisiae. 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 ENO!
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 (spoCl) was followed
through conidiophore development
by examining the appearance of
polyadenylic acid-containing tran-
scripts (B. Miller, University of Cali-
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fornia-Davis). One level at 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 (YARp1) and found that it
is in a nucleosomelike structure in
S. cerevisiae and that it replicates
similarly to the original chromo-
somal segment although at a copy
number of 100 to 200. Cloning vec-
tors derived from YARp1 and their
utility were described. Extending
the range of recombinant DNA tech-
nology to Cephalosporium, the suc-
cessful cloning of hygromyecin resist-
ance genes into this organism was
reported by S. Queener (Eli Lilly &
Co.). The vector used to transform
Cephalosporium contained 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. coli, 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
T4rlIb 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 (Harvard
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(Il), 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 spo5G
gene, as a model of developmentalily
regulated genes. The promoter for
spo5G was fused to lacZ on phage
SPB for introduction into various
mutant hosts, demonstrating that
three spoO 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 Tn917 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.
Interrupted 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 lacZ with 4-

methylumbelliferyl-B-p-galactoside,
a fluorogenic substrate for B-galac-
tosidase. Unfortunately, this trans-
poson does not appear to work in
Streptomyces species. P. Lavett (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 insertion 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. Interest-
ingly, two transcription start sites
were identified for some of the pro-
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 veg promoter of Bacillus can
express E. coli B-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 PB-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 P 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 actino-
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 Streptomyces species, mu-
tational cloning (2), 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
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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 lividans 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.
lividans gene to express itself; 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. antibioticus associated with
DNA 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 addi-
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-to-tail repeats
generated by reiteration of a 10.5-
kilobase (kb) segment bounded by
2.2 kb of directly repeated se-
quences. With these regions as
probes, other related sequences and
their organization are being studied.

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

address below.

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

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 at 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 preliminary program
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 Microbiology, 1913 1
St. NW, Washington, DC 20006, (202) 833-9680. - .
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which was acquired by an att-de-
leted ¢C31 phage, permitting the
phage to integrate into the Strepto-
myces coelicolor chromosome at sev-
eral sites. This sequence, designated
[S110, is present in several copies on
the genome of S. coelicolor but ab-
sent in S. lividans. D. Lydiate (John
Innes Institute) observed a 2.6-kb
sequence which could exist as cova-
lently closed circular DNA with a
copy number of 0.2 and demonstrat-
ed that it exists as an integrated
sequence as well, suggesting that
this DNA may also move around the
genome like a transposon. Another
well-known DNA sequence of S. coe-
licolor, SLP1, can exist as a plasmid
or integrated into the chromosome
in 8. lividans. Evidence for a mecha-
nism based on site-specific excision
and integration of SLP1 has come
from studies by C. Omer (Stanford
University) which show some simi-
larities to bacteriophage lambda (6).
A Streptomyces fradiae 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.
cerevisiae to transport invertase to
the Golgi body was reviewed by R.
Shekman (University of California~
Berkeley), who described the effects
that glycosylation and various mu-

tations have on transport. J.O.
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-
les) 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
into the membrane. L. Randall
{Washington State University, Pull-
man) explained that the secretion of
proteins into the periplasm of E. coli
18 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 exo-
cellular proteins produced by Strep-
tomyces species included B-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 16%
other various groups. The organiz-
ers, Dr.’s 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 Molecular Genetics
SmithKline & French Laboratories
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 mare than 30%. Volume 4, pub-
lished in 1984, consisted of 389 origi-
nal reports 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 ASM

Publications Board Chairman Helen
R. Whiteley, Director of Publica-
tions Walter G. Peter IlI, 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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101 High level, inducible resistance to tetracyecline
I encoded on the chromosome of Bacillus subtilis

Alice Morgan and Ron Wilson
The Dow Chemical Company
Central Research
Biotechnology Laboratory
1701 Building
Midland MI, 48640

In the process of transforming Bacillus subtilis BC92 with a
chloramphenicol (cm) and tetracycline (TC) resistance plasmid (pCW59)
from Staphylococcus aureus, a few CmSTeR transformants were isolated.
All of the transformants exhibited high level inducible resistance to
tetracycline. However, no plasmid DNA was detected in any of the
transformants either by density gradient centrifugation or agarose gel
electrophoresis. Isolation of CmoTeR transformants did not oceur in
the absence of pCW53 DNA., Phage PBS1 was used to map Te resistance on
the B. subtilis chromosome. The possibility for the integration of
the PCW59 Tcl determinant into the B. subtilis chromosome is discussed.

CONSTRUCTION OF VERSATILE GENE FUSION VECTORS FOR BACILLUS SUBTILIS,
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 lacZ gene containing an array of unique
restriction sites in the N-terminal portion of the gene. Insertion at these sites of B.
subtilis DNA fragments which contain a promoter_and an N-terminal protein sequence in
frame with the remainder of lacZ will yield a Lac™ phenotype in B. subtilis. One vector,
pMASI100, confers chloramphenicol resistance in B. subtilis, but lacks an origin of
replication. Cm~ transformants arise by integration via homology with the inserted
promoter, resulting in only one copy of the fusion per cell. The other vector, pMASI01,

confers kanamyecin resistance and replicates as a plasmid in B. subtilis yielding 20-40
copies of the fusion per cell.

To demonstrate the utility of these plasmids, a DNA fragment containing the
regulatory region and eight amino acids of the leader sequence of the extracellular serine
protease of B. subtilis (sprE) has been cloned in both plasmids. In the integrated form,
B-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 8-galactosidase is not observed. When the fusion is present
on a multicopy plasmid, elevated levels of 8-galactosidase are present during exponential
growth, but a 3- to 4-fold induction is still observed as the cells enter stationary phase.
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103 Secretion of 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.

The staphylococcal nuclease (nuc) gene from Staphylococcus aureus has
been cloned and expressed in Bacillus subtilis. The nuclease protein was
expressed either from its own promoter and translation start signals or from
a combination of 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 of the nuclease activity was found in the culture
medium. Intracellular (or 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. Levels of nuclease reached 50 mg per L in the culture medium
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 iu B. subtilis. '

104 -Construction and use of a lacZ fusiom vector for
T Bacillus. P.M. ANDREOLI, H.N. SCHEFTERS, C.H.C. VAN
VELDHOVEN and J.P.M. SANDERS™, Dept. of Bacterial Genetics;

Gist-Brocadss N.V., Delft - The Netherlands.

The Z-galactosidase structural gene lacZ can be fused to the
promotor and controlling elements of other genes, as a way to
provide an enzymatic assay for gene expression. In order to
apply such a system in Bacillus, we have constructed the lacZ
vector pGBG3415. This dual-host vector was constructed by the
E.coli plasmid pMLB1034 (which has unique EcoRI, Smal and
BamHI sites within the first 24 bp of the lacZ gene) and the
Bacillus plasmid pBD15 (which allows replication and provides
for erythromycin resistance (Em ) in B.subtilis). To show
that pGBG3415 can be used to isolate and identify restriction
fragments with promotor activity, we digested chromosomal
B.licheniformis DNA with EEQBI* or Sau3A and ligated the frag-
ments to EcoRI or BamHI digested pGBG3415. Among the Em
E.coli-LGY0 transformants obtained with this ligated DNA

only 4% formed red colonies on MacConkey indicator plates.
Transformation of B.subtilis with plasmid DNA isolated from
these red colonies, yielded pale blue to dark blue Bacillus
transformants on Spizizen agar plates containing Xgal. The
properties of these promotor lacZ fusion plasmids will be
prescnted with special emphasis on their promotor strength, and
their stability in E.coli as well as in B.subtilis
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105 THE MLS RESISTANCE MESSENGER RNA OF PLASMID PE194:
DEMONSTRATION OF ITS CONFORMATIONS AND OF THE LEADER PEPTIDE THAT IT ENCODES

Mark Mayford and Bernard Weisblum
University of Wisconsin, Madison, WI

Co-resistance to 3 chemically distinct groups of antibiotics, namely,
the macrolides, lincosamides, and streptogramin B (MLS) antibiotics comprises
a resistance syndrome of bacteria in which biochemical alteration of the
ribosome, namely N6-methylation of a single adenine residue in 23S rRNA
confers resistance to all members belonging to the three groups. Both
inducible and constitutive forms of MLS resistance are found in strains
isolated from nature. One inducible form of MLS resistance specified by a
small Staphylococcus aureus plasmid, pEl94, has provided a model system in
which to study the biochemical basis of induced MLS resistance. Specific
active and inactive conformations of the MLS methylase mRNA comprise key
features of the attenuation model according to which the mRNA assumes an
active conformation as a consequence of internal rearrangement. This rearran-
gement, in turn, is causally linked to inhibition by an inducing antibiotic,
of the synthesis of a hypothetical 19 amino acid peptide whose corresponding
structural gene overlaps part of the control region. It is postulated that the
conformational shift which occurs unmasks the ribosome loading site sequest-
ered by the inactive conformation that the mRNA assumes during growth under
non-inducing conditions. Strong support for the model of induction has come
from genetic studies involving constitutive mutants in which expression of MLS

resistance was correlated with destabilization of the secondary structure of
the MLS mRNA leader sequence.

We have analyzed the conformation of tQE MLS mRNA more directly using
biochemical means in which we cleave gamma->“P-end-labeled transcripts with
nuclease probes that digest RNA differentially according to the conformation
which the latter assumes. In the present studies the +1 site for transcription
initiation of the inducible 23S rRNA adenine methylase encoded by plasmid
pEl94 was determined experig&nta]]y by S1 mapping of mRNA synthesized in vivo,
and by T1 mapping of gamma->“P-end-labeled transcripts synthesized in vitro.
By partial digestion of the in vitro transcripts using S1-, Tl-, and cobra
venom nucleases as probes of mRNA conformation, single- and double-stranded
regions, respectively, were identified which correspond to the critical stems
and loops postulated for active and inactive conformations of the nascent
mRNA. According to the model for induction, the transition from inactive to
active conformation involves disruption of mRNA secondary structure and this,
in turn, occurs as a consequence of protracted occupancy by ribosomes
complexed with erythromycin, of one of the critical stem sequences that
additionally contains an open reading frame corresponding to part of the 19
amino acid control peptide. The existence of the control peptide, predicted by
the nucleotide sequence of the control region, was demonstrated as part of a
translational fusion with Escherichia coli beta-galactosidase. The DNA
sequence at the amino end of the fusion protein structural gene corresponds to
the amino acid sequence MGIFSGDPVVL in which MGIFS- is derived from the ptEl9%
MLS leader control peptide and -GDPVVL is derived from beta-galactosidase.
Direct amino acid sequence determination to the extent of 10 residues from the
amino end gave GIFSGDPVVL as the N-terminal sequence of the fusion protein.
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106 Isolation of Plasmids Containing B. subtilis 168 DNA that complement the

LeuB Gene of E. coli HBlOI, J. Greenwood J. Shultz, Miles Laboratories,
Elkhart, IN

Two plasmids that allow E. coli strain HBIOl leu B, pro, Bl) to grow in
minimal media lacking leucine were selected from a pool of clones
containing Eco Rl Fragments of B, subtilis 168 DNA inserted into the Eco
Rl site of pBR322. These two clones, pleul and pleu2, were both shown
‘to contain two Eco Rl fragments of B. subtilis 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 HB10l. Southern

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 B. subtilis strains for either leuA, leuB or
leuC. 1In vivo :ranscription and translation of the DNA of various
clones in E. coli revealed that a 39,500 dalton protein is associated
with the ability of these clones to complement leuB.

107 CHARACTRRIZATION OF PLASMID DNA PROM THINBACILLIIS FERROOXIDANS RY RFESTRICTION
ENZYME MAPPING. K. Mattern Nolan* and Olli H, Tuovinen, Nepartment of
Microbiology, Ohio State University, Columbus, 0Ohio 43210,

Thiobacillus ferrooxidans is an acidophilic chemolithoautotrooh Fhat
has been shown to enhance the solubilization of metals from ore materléls..
Because of its physiological characteristics, the bacterium shows Dr?mlse in
biohvdrometallurgical processess. In the present work, plasmid DNA in
previously described strains of T. ferrooxidans TFI-29 and T?I-?S was charac-~
terized by cesium chloride-ethidium bromide density centrifugation and re-~
striction mapoping. TFI-29 was shown to contain two plasmids, oTF-291 anﬁ
pTF-292 while only one plasmid, pTF-350 was detectable in TFI-35, Plésm+ds
PTF-291 and pTF-~350 were digested separatelv with six different restriction
enzymes: HlndIII, Pstl, FcoRI, BamHI, HaeIII, and BqlI. The plasmids
contained a Sanle restriction site for RindIII. Pstl digested the plasmids
to yield three restriction fragments as did EcoRI, whereas digestion with
PamHI produced four linear fragments. Separate digestions with HaeIII and
Bqu produced numerous small fragments. The positions of the different
cleavaqe sites for HindIII, BamHI, and Pstl were determined by digesting the
plasmid DNA with appropriate pairs of enzymes. Based on the restriction enzyme
Aata, pTF-291 and pTF-350 are assumed to be the same plasmid. Resistance to
Hg* was also investigated because mercuric reductase, known to he exclusively
plasmid mediated, was present in TFI-29. T. ferrooxidans TFI-29 showed a
higher level of resistance to mercuric ion than AdAid TFI-35 (10 uM and 5 uM,
respectively). The presence or absence of mercuric ion in the growth medium
did not affect the plasmid profile of either strain. DNNA:NDNA homoloay
studies are in progress to locate the mercuric reductase genes.
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GLYCEMIC STATUS OF SIDS SIBLINGS: LEVELS OF THE ENZYME PHOSPHOENOL-
PYRUVATE CARBOXYKIIASE IN AMNIOTIC FLUID OF SIDS-SIBLINCS.

Rengachari Raghunathanl, Henry W.Foster Jr.l'SrinivaS-NZ: Donald

B.Barnes3 & Lana BeaversB. 1. Division of Research,Department of
Obstetrics & Gynecology,Meharry Medical College,Nashville,Tn,37208;

2. Private Obstetrics Practice, Hendersonville,Tenn, 37075 & 3. Bedford
County General Hosvital, Shelbyville, Tenn,37160.

There is considerable controversy regarding a genetic component for
Sudden Infant Death Syndrome(SIDS). Among the several theories on
the cause of this disease, 1t has been suggested that in SIDS victirs,
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 kKey enzyme 1in 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 Heart.

We 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 highly
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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109 Relationship of Aflatoxins B and G in Aspergillus parasiticus.
— J. C. Floyd, J. W. Bennett*, and J., C. Mills, III. Tulane CUniv., New
Orleans, LA.

In A. parasiticus, the four major aflatoxins (By, By, Gy, and Gy)
are produced simultaneously as products of a secondary biosvathetic
pathway that includes the general steps: acetate - anthraquinones -
xanthones =+ aflatoxins. In initial experiments, significant incor-
poration of unlabeled sterigmatocystin (0.65 pmol) into the major
aflatoxins B; and G; was observed in whole cell experiments with
blocked mutants. The versicolorin A-accumulating mutant exhibited
58-66% conversion of sterigmatocystin into aflatoxin By, and 4-8%
into aflatoxin G; after 24-96 hrs incubation in replacement media.
The blocked fluff mutant exhibited 12-33% conversion into aflatoxin By
and 1-2% incorporation into aflatoxin G; under comparable conditions.
No such biogenetic conversions were observed when aflatoxins By, B,
G or G, were presented to these same mutants. Previous theories
implicating aflatoxin B; as a precursor of the other aflatoxins must
be re-examined in light of these data.

110 Computerized storage, retrieval, manipulation and display

|

of restriction and genetic maps.

Joseph L. Modelevsky*, B.N. Stone**, G. L. OGriesinger*”*.

Franklin H. Norris**.
*Molecular and Cell Biology Research Division, **Scientific
Information Systems, Eli Lilly and Co.

Restriction maps are efficient, conventional means
summarizing and communicating descriptions of plasmid
constructions and derivatives. Such maps can condense a
amount of information into a single display. Often,

genetic engineering projects can be described by using a
of restriction map displays.

We describe an integrated set of computer programs designed
to permit electronic storage, retrieval, manipulation and display
of restriction and genetic maps and supporting textual

information. These programs read simple, free format data
and convert the data tables into sophisticated graphics

alphanumeric displays of restriction maps. The programs test

automatically compensate for overlapping information.

These programs are interactive and <communicate In
vernacular of the molecular biologist. Operations include
creation of maps, editing of maps, circular color graphics
display of maps, alphanumeric display of maps, zooming

subregions, and output to a wide variety of devices.
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111
— DETERMINATION OF PLASMID COPY NUMBER BY A SANDWICH HYBRIDIZATION
TECHNIQUE

K. Nyberg and 1. Palva

Recombinant DNA Laboratory, University of Helsinki, Finland

A novel method for determination of plasmid copy number has been
developed. The method is based on a sandwich hybridization technique
which utilizes a known gene on the plasmid for hybridization. Two
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.

We utilized this method for determining the copy number of pKTH10,

a hybrid plasmid containing the a-amylase gene from Bacillus amylo-
liquefaciens in pUB110. pKTH10 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 Bacillus subtilis BRBI1.

Using purified pKTH10 as a standard we were able to show that the

amount of radiocactivity 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.
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Increased Production of K99 Pili under Control of the E.
coli Tryptophan Promoter.

—
[
(3]

tarl R. Shelton, Rick F.H. Salazar, Preston A. Baecker,
Steven D. Stoufer, and Hardy W. Chan, Institute of Bio-
Organic Chemistry, Syntex Research, Palo Alto CA 94304.

Diarrheal disease of newborn domestic frarm animals is
caused by the B4l enteropathogenic strain of E. coli which
harbors a 78 Kb plasmid capable of expressing the K99 pilus
antigen. The pili are required for B4l adhesion to and
colonization of the small intestine. We have inserted the
t. ¢oli Jryptophan (Trp) promoter into a plasmid containing
the genes required for K99 pilus expression and induced the
production of increased amounts of K99 pilus antigen
suitable for vaccine production.

! A 7.0 Kb Bam H] fragment wds excised from the /8 Kb
plasmid present in the field strain B4l anc inserted into
pBR322 to produce a recombinant piasmid, pK39S9-64, which was
able to produce normal ltevels of the K99 pilus antigen in
strain HB 101. 1lnsertional gene inactivation with INS and
the analysis of plasmid encoded proteins using minicells
permitted localization of the K99 pilus subunit qene.
Identification was confirmed by comparing the amino acid
sequence derived from the nucleotide sequence to the known
amino-terminal sequence of the protein. To allow
overproduction of K99 pili, the E. coli Trp operon
promoter/operator was inserted upstream from the K99 pitus
subunit gene to produce the recombinant plasmid pBRTrpK99-3.

Addition of excess tryptophan to the tulture media
completely repressed pilus expression when assayed by either
a) slide agglutination of whole cells or b} an ELISA assav
with monoclonal antibody directed against the K39 pilus
antigen using cell lysates. Up to 10-fold overproduction or
pili, compared to pK99-64, was achieved by addition of the
tryptophan analogue indoleacrylic acid to the culture media.
lhese pili were partially purified and shown to successfully
induce anti-K99 sera upon injection into guinea pigs.
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Isolation of a gene that complements an E. coli hemA mutation

Anthony Macaluso and Arnold L. Demain
Massachusetts Institute of Technology
Cambridge, MA 02139

The formation of §-aminolevulinic acid (ALA) by §-aminolevulinic
acid synthetase (ALAS) is the first committed step in the bio-
synthesis of porphyrins, heme, and vitamin BlZ' In some bacteria,
this step has been shown to be rate limiting in the production of
porphyrins. Furthermore, in a vitamin B12 producing strain of

Pseudomonas denitrificans, increased levels of this same enzyme

are associated with increased production of vitamin BlZ' To under-
stand this process at a molecular level, we have cloned an
Escherichia coli gene that is involved in the synthesis of ALA.

The cloning vector ASE4 (S. Elledge and G. Walker) was used
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 for growth were isolated following infection with the
ASE4 derived clone bank. The recombinant phage from these Hema"
strains contain identical inserts based on restriction analysis.

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.
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Mutations that selectively improve the catalytic activity of glucocse
isamerase,

B. Ratzkin, C. Fisher and K. Chen. Amgen, 1900 Oak Tetrrace Lane, Thousand
Oaks, CA 91320, )

Enzymes such as glucose isomerase are used in the manufacture of foods because
these biocatalysts can carry out specific chemical modifications without the
generation of undesirable by-products. Unfortunately, the variety of these
enzymes and their particular properties are limited., New enzymes with better
properties were usually discovered by finding new microorganisms which is a
laboricus and time-consuming process, On the other hand, by using recambinant
DNA technology, we have undertaken the task of generating a modified enzyme
activity. We constructed a plasmid pXK23 which has the XylA gene fram E, coli
on a 1.6 Kb BglII fragment next to a kanamycin-resistance element. The XylA
gene encodes for xylose isamerase an enzyme required for xylose

fementation, We have detemmined that this enzyme will also isamerize gluccse
under the appropriate conditions., A fragment carrying the XylA gene and part
of the kanamycim-resistance element was isolated fram pXK23, mutagenized

in vitro and then ligated back into pXK23, A strain which is a XylA mutant
ard sensitive to kanamycin is transformed to kanamycin-resistance. All of
these transformed cells contained the piggy-backed XylA gene, Approximately
13 of the transfomants had XylA mutations on their plasmid-born gene. Amorng
these mutants were two which behaved unusually on indicator plates for xylose
fermentation, The aberrant behavior of these mutants is dictated hy the
plasmid. The enzyme encoded by this mutant gene isomerized glucose at a
higher rate than the wild type enzyme. The mutations were found to lie within
the structural portion of the XylA gene. One mutation was found to be the
result of a change in a single base, The result of this study shows that with
the appropriate screens one can alter the behavior at randam of a particular
enzyme, Then one can use these data to predict defined changes in a protein,
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TRANSPORT LESIONS ENHANCE PROLINE PRODUCTION BY ESCHERICHIA COLI
R.L. Krogsrud and J.M. Wood, Department of Chemistry and Biochemistry,
University of Guelph, Guelph, Ontario, Canada N1G 2Wl.

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 K12 in order to assess the
relationship between membrane permeability and proline production.
Uncontrolled synthesis of proline is not sufficient to cause its
excretion. Bacteria which overproduce proline as a consequence of a
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
q@ich actively accumulate proline via 3 second active uptake system,
proline porter II. Proline uptake via proline porter I is powered by
transmembrane ion gradients; the energy supply for uptake via porter II
is under investigation. Genetic lesions that eliminate proline
catabolism or 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. '

properties of a stable, low copy number, amplifiable expression vector

G.0, 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 psSC101 (with the par function) which allows
maintenance of the plasmids at 3-4 copies EE; chromosome, and a
ColEl origin whose natural promoter for RNAII has been replaced by
other controllable promoters. When this other promoter is Pg and
the plasmid also carries the gene for the thermolabile A repressor
(AcIgs7 gene) the plasmid copy number can be thermally induced. Thus
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. Studies of protein
expression of genes cloned intc these vectors will be presented.
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Transposition of IS1 into an Expression Operon for the A Chain of Human
Insulin. P. R. Rosteck, Jr.*, F. D. Miller and C. L. Hershberger, Eli Lilly

and Company, Indianapolis, Indiana 46285.

Human insulin is prepared by combining the A and B chains purified from
separate cultures of Escherichia coli K12 containing recombinant plasmids
pIA7A4A1 and pIB7A4Al, respectively. The insulin peptide chains are syn-
thesized as part of fusion proteins containing portions of the tryptophan
operon leader peptide and the E protein joined to the insulin chain by a
methionine residue. Tryptophan repression regulates transcription of the
artificial operon which initiates at Btrp' "Translation of the polycistronic
mRNA produces a tetracycline resistance protein and the insulin fusion

protein. The insulin plasmids exist predominantly as head-to-tail dimers.

A spontaneous derivative of pIA7A4A1 was identified by electrophoretic
analysis of whole cell lysates of cultures producing the A chain. The
mutant plasmid differed from the parental dimeric plasmid by the acquisition
of a single copy of insertion sequence IS1 within the insulin expression
operon. Sequence analysis located the point of integration and revealed an
eleven base pair direct repeat of the target site at each end of the
inserted element. Transpositional insertion of the strongly polar IS1
sequence inactivated expression of the insulin fusion protein and tetra-

cycline resistance.
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Temperature-Sensitive Regulation of Gene Expression From
Plasmids Bearing the Tryptophan Operon Control Region

The tryptophan operon in Egscherichia 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, J. Bact. 109:256) 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 429C, 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 cof IGFI and IGFII in E. coli
Janet K. Epp and Jo Ann Hoskins
Lilly Research Laboratories, E1i Lilly and Company
307 East McCarty Street, Incianapclis, IN 46285

The insulin-like growth factors (IGF's) or somatcmedins are
polypeptide hormones which are produced in the liver and circulate in the
serum, where their levels are regulated by pituitary growth hormone. The
amino acid sequences of IGFI and IGFII are similar and share extensive
regions of homology with insulin. The DNA sequences encoding IGFI and II
were synthesized chemically (R. Belagaje, IGFI; H. Hsiung, IGFII;
unpublished) and were fused to parts of the trpE coding region to create
fusion proteins 12 kd, 18 kd, and 29 kd in size. The hybrid genes were
cloned into derivatives of pBR322 and pIMIA, a thermoinducible
runaway-replication plasmid, behind the trp promoter and ribosome binding
site. Thus, we were able to compare the effects of gene size and gene
dosage on the level of IGF expression. We observed the highest level of
expression, about 30 percent of total cell protein with the 12 kd fusion
protein cloned into the runaway-replication plasmid. When expressed at a
high level, the 12 kd proteins aggregate and accumulate in a granule and
can be isolated to greatcr than 80 percent purity by differential
centrifugation,

1 Role of mRNA Translational Efficiency in Bovine Growth Hormone Expression
in Escherichia coli. BRIGITTE £. SCHONER, HANSEN M. HSIUNG,

RAMA M. BELAGAJE, NANCY G. MAYNE and RONALD G. SCHONER, Lilly Research
Laboratories, E1i Lilly and Company, Indianapolis, Indiana 46285.

The conditions necessary for high-level expression of methiony]
bovine growth hormone (met-bGH) in Escherichia coli were investigated.
Plasmids were constructed that contain a thermoinducible runaway
replicon, and either the E. coli tryptophan or lipoprotein promoter and
ribosome binding sites which served as transcriptional and translational
initiation sites for the expression of the bGH gene. The expression of
met-bGH was very low with either system. However, expression levels of
up to 30 percent of total cell protein were obtained following the
introduction of additional codons 3' to the intiating AUG codon, thus
altering the N-terminal amino acid sequence of bGH. To obtain high-level
expression of met-bGH a two-cistron system was constructed in which the
codons that enhanced the expression of bGH were incerporated into the
first cistron, and the coding region for met-bGH was incorporated into
the second cistron. This approach may be generally applicable to
achieving high-level expression of a gene that contains N-terminal
sequences that do not allow for its efficient expression. Analyses of
the stabilities of the bGH derivatives and their transcripts in vivo
suggested that the variations in the level of expression were due to
variations in the efficiency of mRNA translation.
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SELECTION AND CHARACTERIZATION OF INCOMPATIBILITY MUTANTS
OF ColEl RNAI.

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

The small multicopy bacterial plasmid ColEl 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 is 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). These constructs such as TF421A make
functional RNAI, which acts 15_££§g§_fo inhibit replication of the
Cm® 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 TF421A by nitroso-
guanidine or mutD5, followed by transformation into cells contain-
ing TF345, and selection for ApfCm' 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. These point mutants are of
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.
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123 Examination of Calf Prochymosin Accumilation in Escherichia coli:
Disulfide Linkages are a Structural Camponent of
Prochymosin-Containing Inclusion Bodies.

J.M. Schoemaker1 and F.A.0O. Marston.
Celltech Ltd., Slough, U.K.

Abstract

Recent reports have shown that synthesis of certain recambinant proteins in

Escherichia ooli results in the production of intracellular inclusion bodies.
These studies have not analyzed the structure of the inclusion especially
regarding the intermolecular forces holding it together. This report has

examined structural aspects of inclusion bodies made in Escherichia coli as a

result of high level expression of the eukaryotic protein, calf prochymosin.
Prochymosin is a monameric protein containing three disulfide bridges. It was

expressed at up to twenty percent of cell protein fram a plasmid containing

the Escherichia coli trptophan pramoter, operator, and ribosame binding site.
Proteins in the inclusion bodies were analyzed by Western blotting of sodium
dodecyl sulfate/polyacrylamide gels. When experiments were done using
conditions which preserved the in vivo state of thiol groups, inclusions were
shown to be camposed of multimers of prochymosin molecules which were
interlinked to a large extent by disulfide bonds. The inclusion bodies also
contained a high concentration of reduced prochymosin monamer which may be
primarily bound to the surface of the body, in contact with the reducing
enviromment of the cytoplasm. The presence of intermolecular disulfides
probably contributes to the difficulty of wlubilizing recarbinant prochymosin

during its purification from Escherichia coli.

Present address: lDepau:‘i:nem: of Biochemistry and
Molecular Biology
The University of Chicago
Chicago, Illinois 60637
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Cloning and expression of alpha-galactosidase for use in beet sugar industry

Dr. Ralf Mattes, Boehringer Mannheim GmbH, Forschungszentrum

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
mycelial pellets, low specific activity,
tion, etc.

enzyme in
need for inducer during fermenta-

Using alpha-galactosidase from raffinose-utilizing bacteria, a more favoura-
ble pH 1is 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 successfull
in large scale.

1g18Lut



12 CLONING OF A GENE FOR ARYLETHERASE - AN ENZYME
INVOLVED IN LIGNIN DEGRADATION

K. NARVA, J. CARY, Y. CHONG, AND V.R. SRINIVASAN
Department of Microbiology, Louisiana State University

Baton Rouge, Louisiana 70803

Lignin comprises about oné-fourth of the wood tissue of plants and is
one of the most abundant readily available renewable organic resources. It
is a three dimensional branched polymer biosynthesized essentially from
nine-carbon units possessing phenylpropane skeletons. The macromolecule
is formed by covalent linking of the monomers mainly through three different
bongs namely aryl-alkyl e*her, aryl-aryl ,ether and diphenyl, of which aryl-
alkyl ether bonds are the most abundant. Studies were designed to isolate
an organism having the potential to cleave aryl-alkyl ether bonds. A soil
organism was enriched on lignin from Kraft Black Liquor as the sole carbon
source and tentatively identified as Erwinia spp. The gene encoding an

aryletherase from this organism was cloned into the Bam HI site of E. coli

plasmid pBR322. E. coli transformants (ampR tets) with this plasmid were
selected on M9 salts and ampicillin minimal media with salicin as the sole
carbon source (on the assumption that hemiacetal linkage may be analogous
to a psuedo-ether linkage). The clone has been shown to degrade a number
of compounds containing arylether bonds inclusive of Kraft lignin. The
recombinant plasmid (pNCl) contains an insert of approximately 810 bp of
Erwinia as shown by nucleic acid hybridization. Partial restriction
endonuclease mapping of the insert has been carried out. The gene product
is apparently secreted from E. coli transformed with pNCl since most

detectable enzyme activity is found in the culture supernatant.
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126 Aldose Reductase(s) in the Yeast Pachysolen tannophilus:

Purification and Characterization
P. L. Bolen, J. A. Bietz, and R. W. Detroy
Northern Regional Research Center, Agricultural Research Service,

U.S. Department of Agriculture, Peoria, Illinois 61604

Although many yeasts assimilate xylose, few are able to efficiently ferment
xylose to ethanol. One of the earliest identified with this capacity was Pachysolen
tannophilus. Smiley and Bolen (1983) have shown cell extracts of P—xylose-grown P.
tannophilus to convert 2—xylose to xylitol in a reaction catalyzed by an NADPH-
requiring B—xylose reductase (aldose reductase E.C. 1.1.1.21). The same cell
extracts were shown to oxidize xylitol to D-xylulose in an NAD-linked reaction
catalyzed by the enzyme xylitol dehydrogenase (D-xylulose reductase E.C. 1.1.1.9).

Recently, we reported that growth of P. tannophilus on either L-arabinose or
B—galactose, like growth on D-xylose, leads to the induction of both NADPH-linked
D-xylose reductase and NAD-linked xylitol dehydrogenase activities (Bolen et al.,
1984, Biochem. Bioeng., in press). Furthermore, L-arabinose and E-galactose were
found to serve as substrates for NADPH-linked reactions in extracts of cells grown
on either B—xylose, L-arabinose, or Q—galactose. The products of these NADPH-linked
L-arabinose and NADPH-linked B-galactose reactions were shown to be L-arabitol and
galactitol, respectively. However, unlike xylitol, neither L-arabitol nor
galactitol would serve as substrates for NAD-linked reactions. We concluded that
divergence of the metabolic pathways of D-xylose, L-arabinose, and D-galactose must

occur following formation of the alecohol, but the question of whether the NADPH-

linked reactions were carried out by one or more enzymes remained unresolved.

To be presented at the American Society for Microbiology Conference on Genetics
and Molecular Biology of Industrial Microorganisms, Bloomington, Indiana,
September 30-October 3, 1984,
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To examine this question, we have undertaken purification of the NADPH-
linked 2—xylose reductase from P. tannophilus. Fractionation of D-xylose-grown
P. tannophilus cell extracts by affinity chromatography and high performance
liquid chromatography (HPLC) over an anion exchange column results in the isolation
of a single protein band, judged by SDS polyacrylamide gel electrophoresis and
reverse phase HPLC, that retains ability to reduce D-xylose, g—arabinose or D-
galactose when supplied either NADPH or NADH. An antibody preparation against
this 37,000 kd fraction yielded a single band in western blots that correlated
with induction of activity in extracts of cells grown under a variety of conditions.
Partial amino acid sequence data (64 residues) from the N-terminus failed to
reveal evidence of heterogeneity of sequence. Thus, we conclude this protein band
to either be a single enzyme, an aldose reductése (E.C. 1.1.1.21), or very similar

isozymic forms of an enzyme of this type. With either NADPH or NADH as cofactor,

specific activity was greatest with L-arabinose and poorest with D-galactose.
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127 Production of Active Xylose Reductase in Pachysolen tannophilus

1
is Temperature Sensitive

N. J. Alexander

Northern Regional Research Center, Agricultural Research Service,

U.S. Department of Agriculture, Peoria, Illinois 61604

NADPH-linked xylose reductase and NAD-linked xylitol dehydrogenase are

inducible enzymes in Pachysolen tannophilus when the cells are grown on xylose
at 30° C. However, when grown on xylose at 37° C., there is little detectable

xylose reductase activity present in the cell extract. No protein of the
Q :

. ¥
molecular weight of xylose reductase can be found in the cell extract, as

detected by coomassie blue staining of polyacrylamide gels. However, in an
in vitro assay system, small amounts of an intermediary product, xylitol,

are formed by 37° C. xylose-grown cells, suggesting that small quantities of

NADPH-dependent reductase are present and functional. It is apparent that

induction of a significant quantity of an active form of this enzyme is tempera-
ture sensitive. The g;owth rate of P. tannophilus on xylose at 37° C. is about
one-half that at 30° C. and ethanol production is about the same at both
temperatures. These results suggest that either another pathway exists in P.
tannophilus for utilization of xylose or that small quantities of xylose reductase

are sufficient for growth and fermentation processes.

To be presented at the American Society for Microbiology Conference on Genetics

and Molecular Biology of Industrial Microorganisms, Bloomington, Indiana,

September 30-October 3, 1984.
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128 COMPARISON OF “KILLER" PHENQTYPE IN
Saccharomyces cerevisiae AND

Klugveromyces bactis YEASTS

C.J. Panchal, C. Meacher, 6.G. Stewart
Production Research Department
Labatt Brewing Company Limited

London, Ontario, Canada

The secretion of killer toxins by some strains of yeasts is a phenomenon of
significant industrial importance. 1n addition to presenting a model of
protein secretion (the killer toxins being tfue extracellular proteins), the
killer yeasts are of great use in fermentations susceptible to contamination
by unwanted yeast strains. The activities of two killer yeast species,
Saccharomyces cerevisiae (RNA plasmid coded toxin) and Kluyveromyces lactis
(ONA plasmid coded toxin) against sensitive cells on agar plates containing
different sugars at two different pH values were investigated. The toxic
effect of the Saccharomyces killer strain was quite evident when assays
were performed on methylene blue agar plates containing either glucose,
fructose, galactose, maltose or glycerol at pH 4.5. While there was some
killer activity at pH 6.5 with the sugars glucose and fructose, no activity
tould be detected with either galactose, maltose or glycerol. The
Kluyveromycea killer activity, on the other hand, was very low at pH 4.5
with the sugars glucose, fructose or galactose; Enhanced activity could be
found at pH 6.5 with galactose, maltose or glycerol. Glucose and fructose
were found to be poor substrates for detecting killer activity at pH 6.5.
Surprisingly however, with maltose as the carbon source, Kluyveromygces

killer activity could be detected at both pH 4.5 and 6.5.
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128 COMPARISON OF “KILLER" PHENOTYPE 1IN
Saccharomyces cereuvisiae AND

Kluyveromyces bactis YEASTS

C.J. Panchal, C. Meacher, G.G. Stewart
Production Research Department
Labatt Brewing Company Limited

London, Ontario, Canada

The secretion of killer toxins by some strains of yeasts is a phenomenon of
significant industrial importance. 1In addition to presenting a model of
protein secretion (the killer toxins being tfue extracellular proteins), the
killer yeasts are of great use in fermentations susceptible to contamination
by unwanted yeast strains. The activities of two killer yeast species,
Saccharomyces cerevisiae (RNA plasmid coded toxin) and Klugyveromyces Pactis
(DNA plasmid coded toxin) against sensitive cells on agar plates containing
different sugars at two different pH values were investigated. The toxic
effect of the Saccharomyces killer strain was quite evident when assays

were performed on methylene blue agar plates containing either glucose,
fructose, galactose, maltose or glycerol at pH 4.5. While there was some
killer activity at pH 6.5 with the sugars glucose and fructose, no activity
could be detected with either galactose, maltose or glycerol. The
Xluyveromyces killer activity, on the other hand, was very low at pH 4.5
with the sugars glucose, fructose or galactose; Enhanced activity could be
found at pH 6.5 with galactose, maltose or glycerol. Glucose and fructose
were found to be poor substrates for detecting killer activity at pH 6.5.
Surprisingly however, with maltose as the carbon source, Kluyveromyces

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

The supernatant (containing killer toxin) from Kluyveromyces lactis broth

was found to have activity at temperatures up to 55°C, after which activity
was rapidly lost. 1t was also found to be more lethal to the a-factor super
sensitive yeast strains (gg;c) as compared to a normal a-factor sensitive
strain (SST). The lethality of the Xluyveromyces toxin against a type
Saccharomyces strains as well as some a type celis (including ‘killer’
cells) suggests that the Kluyveromyces toxin has some effects similar to
Saccharomyces a-factor and other effects more lethal than those of

a-factor.
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Expression in yeast of tissue-type plasminogern: a~tivator
under the control of the promoter for repressible acid

phosphatase (PHOS)

J. Heim, F. Barth, M. Gruetter, H.J. Treichler, B. Meyhack,
A. Hinnen: Department of Biotechnology Ciba-Geigy AG,
CH-4002 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 PHO5 promoter. The DNA construction includes the
PHOS 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 PHO5 tran-
scription termination signals (A). Alternatively, the signal
sequence was removed and the mature TPA coding seguence was
?directly joined to the PHOS premoter region using a synthetic
oligonuclectide linker (B). Synthesis of TPA is in both cases

induced by low concentrations of Py in the medium.

Construction (B) codes for a protein which is immunologically
present, functionally however almost inactive. (A) 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 67 000. Purified recombinant

TPA from yeast has a similar specific activity, 1t binds to
fibrin and is stimulated by fibrin as genuine TPA from

melanoma cells.

Stimuli that induce a yeast heat shock gene fused to beta-galactosidase.
C. BRAZZELL and T. INGOLIA, Lilly Research Laboratories, Eli Lilly and
Company, Indianapolis, Indiana 46285.

Yeast contains a multigene family related to the Drosophila heat shock
gene hsp70. Two members of this family, YG100 and YG101l, have been
previously characterized and only YG100 was found to have elevated levels
of transcription after heat shock. The yeast hsp70 genes contained on
YG100 and YG101 were truncated and fused to the E. coli lacZ gene
contained on pMC1587. The resulting plasmids directed synthesis of the
beta-galactosidase gene as measured by in vitro enzyme assays and by
colorimetric assays on plates. The expression level from the YG101 gene
was constant under all the conditions tested, whereas expression driven by
the YG100 gene could be induced over fifty fold. Other stimuli besides
heat, including recovery from anoxia and high cell density, were found to
strongly induce YG100 gene expression. Most physical and chemical stimuli
tested, including UV irradiation, zymolyase treatment, and ethanol, did not
stimulate expression of this heat shock gene.




Expression of Heterologous Genes in Saccharomyces cerevisiae from

Vectors Utilizing the Glyceraldehyde-3-Phosphate Dehydrogenase
Gene- Promoter,

Kevin M. Egan and Grant A, Bitter, Amgen, Thousand Oaks, CA
91320, :

The promoter region from the yeast glyceraldehyde-3-phosphate
dehydrogenase (GPD) gene has been characterized. A 652 bp Taql
restriction fragment which includes the transcription start site
and 15 bp of untranslated leader coding region was cloned into
M13mp9 from which it may be excised as a HindIII-BamHI portable
promoter. The entire DNA sequence of the GPD promoter has been
determined. Generalized expression vectors employing the GPD
portable promoter have been constructed which incorporate the
entire yeast 2y plasmid cloned at the EcoRI site in the large
unique region. In such constructions, the REP1 and REP2 genes,
as well as the REP3 locus, remain intact and the plasmids thus
amplify to high copy numbers and are stably maintained in cir®
yeast hosts. A number of heterologous proteins have been
produced utilizing these expression vectors including hepatitis B
surface antigen, consensus a-interferon and y-interferon. The 5°'
end of the HBsAg gene was replaced with a chemically synthesized
segment which restored the native GPD untranslated leader and
utilized optimal yeast codons for the first 32 amino acids. This
modification yielded a 10-15 fold increased expression resulting
in HBsAg synthesis as 1-2% of total cell protein. A completely
synthetic IFN-y gene utilizing optimal yeast codons (codon bias

index = 0.99) is expressed from these vectors as 5-10% of the
total cell protein.
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Multiple cytochrome P-450 proteins from 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 characterized
extensively for their essential roles in sterol synthesis and in the biotransformation of
xenobiotic compounds. Similar functions have been documented for P-450 systems in yeasts,
particularly demethylation of lanosterol as a step in ergosterol biosynthesis, studied in

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

yeasts that grow on such hydrocarbons for carbon and energy. As part of a genetic analysis
of yeast cytochromes P-450, we have isolated protein components and developed polycional

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

fermentation in high levels of glucose and the latter organism was also cultured on
tetradecane. NADPH-cytochrome P-450 reductase preparations purified from strain 750
grown under both conditions showed the same dppqrent m.w. and were inhibited by antibody
produced against one of them, thus these reductases are from a single gene or closely
related genes. Reductase from S. cerevisiae was not inhibited by that antibody and did not
cross react with it in Western immunoblots. Antibody produced against the major
cytochrome P-450 of one S. cerevisiae strain identified different molecular weight variants
of P-450 from two other S. cerevisiae strains 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 characterization of genes for yeast cytochrome P-450 systems. Supported by a

grant from USEPA.
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CONSTRUCTION OF PLASMIDS CONTAINING C. ACREMONIUM RIBOSOMAL DNA,

P. L. Skatrud, L. Carr, and S. W. Queener, Eli Lilly and Company,
Indianapolis, IN 46285

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.

al.). A higher frequency of transformation would be advantageous in further
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 pY1rAl2, 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 pYlrAl2. The entire rDNA
repeat of (. acremonium was located on a 9.2 kb Pstl restriction fragment.

é 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 hybrldlzed with the yeast rDNA. Four phage
containing rDNA were purified. Restriction endonuclease cleavage patterns
and Southern hybridization analysis confirmed the source of the newly
acquired rDNA to be C. acremonium.

Several restriction fragments containing C. acremonium rDNA were subcloned

into the plasmids pIT221 and pPS5. pIT221 contains a fragment of C. acremonium
mitochondrial DNA which functions as an autonomous replication sequence

(ARS) in yeast. pPS5 has the mitochondrial DNA sequence deleted. 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 acremonium", J. L. Chapman
and S. ¥W. Queener.
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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 B resistance as the phenotypic marker. The transformation protocol
and detailed analysis of one transformant, CPC-T1, are described in "Recom-
binant DNA Studies in Cephalosporium'" by S. Queener et. al. presented at
this meeting. (See Abstract #30). Modifications of the vector (pIT221)
used in these transformations are also reported (See Poster and Abstract
#133, "Construction of Plasmids Containing C. acremonium Ribosomal DNA"

by P. Skatrud et. al.)

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. Hygromycin phosphotrans-
ferase activity was detected in the CPC-T1 transformant, whereas no activity
was detected in the untransformed 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-T1 extract.
This difference is apparently due to the low copy number of the gene inte-
grated in the chromosome of CPC-T1 compared to the high copy number in the
S. ambofaciens cells.

This S. ambofaciens extract was also used as a control in the substrate
specificity 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.
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Characterization of tyrosinase synthesized by Streptomyces antibioticus transformed

with p1J702. Wayne Herber and Edward Katz, Georgetown University, Washington D.C.

The structural gene coding for the enzyme, tyrosinase (Streptomyces antibioticus),

nas been cloned and the nucleotide sequence determined using the dideoxy method of
Sanger et al. (Bernan et al., this meeting). The synthesis of intracellular and
extracellular enzyme has been investigated in twenty strains of S. antibioticus
transformed with the high copy number plasmid, pl1J702, which confers thiostrepton
resistance (EEL) and the ggl* phenotype. Transformed strains grow less vigorously
but exhibit a 2 to 3-fold increase in levels of secreted enzyme as well as a 50 to

150-fold enhanced intracellular activity in comparison with parental strains of

S. antibioticus (lacking p1J702). Exported enzyme in the parent comprises greater

than 95% of total tyrosinase activity in contrast to 20% or less in strains harboring
plJ702. S. antibioticus, transformed with the high copy plasmid p1J350 (carries
only the tsr determinant), produced levels of both extracellular and intracellular
tyrosinase activities similar to parental strains.

Intracellular tyrosinase has been purified (185-fold) to homogeneity from

extracts of S. antibioticus containing p1J702 by means of protamine sulfate preci-

pitation, ammonium sulfate fractionation and column chromatography (DEAE-cellulose,
Sephadex G-75 and Phenyl-Sepharose). The molecular weight of the intracellular
enzyme was found to be 29,500 daltons based on analysis by SDS-PAGE and gel fil-
tration chromatography. This data confirms the predicted value (29,430 daltons)
derived from the nucleotide sequence of the structural gene for tyrosinase. Kinetic

parameters of the intracelliular enzyme have been examined.
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Nucleotide Sequence of the Tyrosinase Fragment from Streptomyces antibioticus.

Valerie Bernan, David Filpula and Edward Katz, Georgetown University, Washington,

D.C. and Genex Corporation, Gaithersburg, Md.

The Bcll-cleaved DNA fragment (1.56 kb) containing the structural gene coding

for the enzyme, tyrosinase (Streptomyces antibioticus; Katz et al., J.G.M. 129,

2703, 1983), was sequenced by the dideoxy method of Sanger et al. Molecular weight
(30,325 daltons) and amino acid sequence of the enzyme were determined from analysis
of the nucleotide sequence of the cloned structural gene (IV; 819 b.p.). The
sequence homology between the amino terminus of the S. glaucescens tyrosinase
(Crameri et al., J.G.M. 128, 371, 1982) in comparison with the predicted N-terminal
sequence of the enzyme from S. antibioticus is étriking:
Glu Thr Asp

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

Examination of the nucleotide distribution in codon triplets of the structural

gene revealed a high G/C content in the first and third positions, characteristic

of other Streptomyces genes studied. A second open reading frame (II; 348 b.p.)

upstream from the structural gene suggests a possible regulatory region since inser-
tion of foreign DNA at the Sphl or BglIl restriction sites inactivates expression of
the structural gene. 5' to this region is a sequence (I; 228 b.p.) that may contain
the -10 and -35 promoter sites required for initiation of RNA transcription. A 162
h.p. sequence (II1) flanked by IV (3') and II (5'), contains recognition sites for
Sstl, Sstll, and SalGl. Cloning into the unique Sstl site also inactivates the
structural gene. It is concluded that the nucleotide sequence of the tyrosinase

fragment contains natural initiation signals for transcription and translation.
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203 Expression'of the Streptomyces azureus thiostrepton
resistance gene 1n Bacillus subtilis

Guy G. Hoffman and Ulfert Hornemann, School of
Pharmacy, University of Wisconsin, Madison, WI 53706
The S. azureus thiostrepton resistance gene was inserted into the erythro-
mycin resistance gene present together with a chloramphenicol resistance gene in
plasmid pHWI (S. Horinouchi, B. Weisblum, J. Bacteriol, 150, 804-825, [19821])

which is derived from Staphylococcus aureus plasmids. The construct was trans-

formed into B. subtilis. The B. subtilis transformants obtained initially
expressed only chloramphenicol resistance despite the fact that plasmids reiso-
lated from them (designated pBV 101 and pBV 102) carried the desired insert in
both expected orientations., Plating massive amounts of both kinds of transfor-
mants on 0.5 ug/ml thiostrepton and 10 ug/ml chloramphenicol yielded a few
colonies in each case. Among pBY 102 carrying cells but not among those
containing pBV 101 were found two colonies able to grow on 50 ug/ml thiostrepton
and 10 ug/ml chloramphenicol. Restriction endonuclease analysis of the plasmids
(pBV 103 and pBV 104) carried by these cells revealed that DNA deletions had
occurred which bring the open reading frame sequences of the thiostrepton resis-
tance gene (the sequence was kindly made available by Dr. M. Bibb) in close
proximity to the promoter of the erythromycin resistance gene. It is thus poss-
ible that the thiostrepton resistance gene is read from this promoter, however,
direct proof for this assumption is not yet available. Both plasmids were fused
to plasmid pBV 404 which carries the neomycin phosphotransferase gene and which
is derived from plasmid plJ 702, The resulting chimeric plasmids were trans-

formed into Streptomyces lividans and thiostrepton and neomycin resistant colo-

nies were recovered. Plasmids isolated from these showed large deletions of S.

aureus DNA sequences precluding successful retransformation of B. subtilis.
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204 STREPTOMYCES GRISEUS PLASMID pSGl

1
Yair Parag , Dror Bar-Nirz, Maria E, Goedekel and Amikam Cohen2
Departments of Geneticsl and Molecular Genetic52

The Hebrew University, Jerusalem, Israel

A plasmid of a length of 16.6 kb -pSGl - has been isolated from chloram-

phenicol resistant derivatives of Streptomyces griseus NRRL 3851, a cephamycin

producer, following transformation of protoplasts with unrelated plasmids.
Southern hibridization experiments with radioactive probes prepared of pSGl
fragments and immobilized S. griseus DNA fragments indicated that the plasmid
is present in the progenitor strain in a chromosomally integrated state.

In the pSG+ isolates plasmid sequences exist both as integrated sequences and
as free plasmids. The integrated state of maintenance persists in strains
which have been cured of the free plasmid. The junction site on the plasmid

is located on a 0.5 kb EcoRI-Salil fragment. The chromosomal integration site
was demonstrated to be the came in all strains which were derived of S. griseus
NRRL 3851. The occurence of both states of plasmid maintenance in the same
clones indicates an integrated pSGl sequence does not interfere with the free
plasmid replication and partition and suggests that the establishment of the
free state may involve a replicative exision of pSGl from S. griseus chromosome.
Segregation of pSGl+ Vs pSGl- in conjugation experiments indicates that this
lack of interference is chromosomally controlled. The replication excision is
probably induced by the transformation procedure. It is thus suggested that
this can be a general method for obtaining plasmids in apparently plasmid-less
strains of streptomycetes. The coexistance of free plasmids and chromosomally
integrated plasmid-sequences can be used for cloning of foreign genes into the
chromosome via the plasmid following homologous recombination. The integration
site was narrowed down to within the segment of HinCII-Sall of 0.4 kb. This
segment has been cleaved to smaller fragments and is now being sequenced. The
plasmid pSGl appears also with reiterated sequences, over 15 repeate; up to

now four different-size segments - 3.8 to 5.4 kb - were found to be involved

in the reiteration in different clones, all four are derived from the same
region of the plasmid.
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Loss of activity in a streptouycete and Sinuttaneous appearance

of a plasmia.rR.MOROSOLI,U. “luepfai,F.Shareck. Jentre de recnerche en
bactericlacie,institut Armand-Frappier, _niversité du Québec, Laval,
Qué., HIN =22

Curing agents such as ezhidium bromiue or heat treatement induced
total loss of cellulolytic activity in a Streptomyces ctrain; simi-
tarly, althcusn at lower frejuency, some suonzanecus 1655 was al.o
observeu. 0 reversion of tne cellulase-negative rutants was found.
Isolatior of chromcsowsl and piasuid DA =as carried out on wild-
type and i.utant strains ang coripared by agarc-e gel electropnorssis.
The saiie s»if reglicating 2.8kbplasmic was asteced in ali exa ined
rmutants, cut no plasiid like rmateriel was found in the wild strain.
Hybridization experiments ¢ lasi:id DA indicateu that the plasmid
seauence originrated from tre cnromosomal DWA 2nd that this particu-
lar sequence was present at a single copy leval in the wild strain.
The possible role of this piasmid will be discussed.

EVIDENCE FOR A SEX FACTOR IN STREPTOMYCES ERYTuREUS
Janet DeWitt, Abbott Laboratories, North Chicago, TL <cangq

Streptomyces erythreus was found to contain a transmissable plasmia
SEP1 which acts as a sex factor. Recombination occurred between
str9ins congaining single and multiple markers at a frequency of

-/ to 10~ during mating on agar. A strain, JD101, isolated from
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 JD101 indicating the loss of a transmissible
plasmid, SEP1, from this strain, Recombination did not occur between
derivatives of JD101 lacking SEP1, but did occur if SEP1 was trans-
ferred to one of these strains, or if these strains were crossed with
other strains containing SEP1, SEP1 could also be transferred at
high frequency between strains. This data is consistant with SEP1
acting as a fertility factor in S. erythreus. SEP1 could not be
detected in agarose gels or CsCl, gradients using standard plasmid
isolation procedures. Interspecific crosses are now being made to
transfer SEP1 into S, lividans to study its properties in standard
S. lividans crosses.
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3suggest that these sequences are actipg as transcriptional terminators.

i i i itable for the idegtaification
Characterization of shuttle plasmid vectors suita )
of promoters or terminators in Streptomyces. S. KUHS?OSS, R. BELAGAJE,
HANSEN HSIUNG and R. N. RAO, Lilly Reseafch Laboratories,
Eli Lilly and Company, Indianapolis, Indiana 46285.

We have constructed a plasmid vector (pKC3S6? that can replicate in
Escherichia coli K-12 and in Streptomyces ambofaciens. The vector can be
selected in E. coli by ampicillin resistance and in 5. ambofaciems by

thiostrepton resistance. The vector carries Tn5 neomycin resistance gene
without its promoter, and this feature has b§en used to shgw that | and
Ap; are functiomal in S. ambofaciens. Starting from giasm1d pKC388 1
which Tn5 neomycin resistance gene 1S expressed from its cognate p§omoter,
we have functionally characterized two DNA segments, ome a syntbetxc'
sequence and another from Streptomyces ?hage, $C31, t%at interfere w1§h the
expression of neomycin resistance gene 1n bgth E. coli and S. ambofaciens.
Deletion of a stem structure in the synthetic sequence res%o?eﬁ the
expression of meomycin resistauce. The $C31 sequence was Inztxally
isolated in an E. coli terminater prpbe plasmid. From these experiments we

Cloning of otreptemyces DNA in shuttle cosmid vectors and their
cha-acterization. R. STANZAK and R. N. RAQ, Lilly Research Laboratories,
£1i Lilly and Company, Indianapolis, Indiana 46285.

We have constructed three cosmid vectors (~1lkb in size) that can
shuttle between Escherichia coli and Streptomyces. These vectors carry
three A cos sites with a unique restriction endonuclease site between the
first and the second cos site. A unique BamHl site present in the plasmid
is the site used for cloning. Our earlier experiments have shown that E.
coli apramycin resistance gene and Tn5 neomycin resistance gene are
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. These vectors have been
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. The insert
size varied from 34 - 39 kb. The cloned DNA hybridized to S. felleus
chromosomal DNA and was colinear with it. The cosmid library is being used
to isolate specific cosmid clones by genetic complementation and by
specific DNA probing. '
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Streptomyces plasmid SCP2* and DNA cloning vectors derived from it.

D. J. LYDIATE, F. MALPARTIDA, T. KIESER and D. 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 pIlJ101 and SLP1.2 and their derivatives.
SCP2* -derived DNA cloning vectors and lysogenic phages are currently

the only low copy number cloning vectors available for Streptomyces.

SCP2* -derived vectors are known to support the stable replication of
large (greater than 30 kb) DNA inserts which are 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, Bglll, EcoRI, HindII, SstI, Xbal and Xhol

are available on various SCP2* derivatives.
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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 Universir:y,

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. £ or
an autonomous plasmid. This DNA does not have homology with any of”

the previously identified plasmids of S. coelicolor)namely, SCP1, sCpr2,

SLP1 and SLP4. Two linear copies of the 2. 6 kb sequence per host

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

(presumably the chromosome). Both copies have a similar or identicai
linear arrangement, and have been preserved through several branches

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

that free circular molecules arise by simple excision of the integrated

copies. S. lividans 66 and S, violaceolatug ISP5438 (both of which are

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 }JC31 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. 6ka sequence was cloned into it,



11 Shuttle Vectors Containing the SCP2* Replicon. J.L. Larson®* and C.L.
Hershberger, Eli Lilly and Company, Indianapolis, Indiana 46285.

We described a 5.9 kb EcoRI-Sall restriction fragment that contains the
minimal replicon of the 31 kb plasmid SCP2* (J. Larson and C.L. Hershberger,
J. Bacteriol. 157:314-317, 1984). Shuttle vectors pHJL197 and pHJL198 for
streptomycetes and Escherlchla coli contain the 5.9 kb streptomycete
replicon fragment, the E. coli plasmid pBR322, and genes conferring
resistance to neomycin and thiostrepton in streptomycetes.

The SCP2* replicon was further delineated by introducing a series of
deletions into the shuttle plasmid pHJL192 by digestion with the restriction
enzyme Kpnl. Ligation, transformation into Streptomyces griseofuscus C581
(ATCC23916) and selection for neomycin resistance identified a functional
replicon on a 4.6 kb EcoRI-Kpnl restriction fragment of SCP2* that was
contained in the shuttle plasmid pHJL201. Addition of a 1.0 kb Bcll
restriction fragment with the gene for thiostrepton resistance generated two
shuttle vectors pHJL210 and pHJL211 that are genetically similar to pHJL197
and pHJL198. The amount of pHJL210 is approximately ten fold greater than
the amount of pHJL197 when plasmid DNA's are isolated from cultures of S.

riseofuscus. Therefore, the 1.3 kb Kpnl-Sall deletion disrupts control of
ilasmid copy number. ’

Utility of the moderately high copy number vectors was tested by
constructing genomic DNA libraries of S. fradiae T774 (a mutant of
ATCC19609) and Actinoplanes utahensis (NRRL12052). Direct construction of a
genomic DNA library was unsuccessful with DNA isolates from S. fradiae
because the frequencies of recombinants were too low. A genomic DNA library
of S. fradiae is available in the vector bacteriophage lambda Charon &4
(poster by S.E. Fishman*, P.R. Rosteck, Jr., and C.L. Hershberger). S.
fradiae DNA was successfully subcloned from the genomic DNA library in
bacteriophage lambda Charon 4 into pHJL210; therefore, genomic DNA libraries
of S. fradiae were constructed in S. griseofuscus. Genomic DNA libraries of
A. utahensis were constructed in §. griseofuscus with pHJL210 as the vector.

The genomic DNA libraries in S. grlseofuscus were evaluated with screens for
resistance.
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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. Phage
isolates were identified which contained DNA homology to the amplified DNA
sequence. Restriction igestions and Southern hybridization were used to
verify that the DNA structure of the phage recombinants were the same as in
the parental strain. A composite restriction map of the amplifiable unit of
DNA plus adjacent chromosome was constructed. An EcoRI-BamHI DNA sequence
was used as a probe for analyses by Southern hybridization. The probe
exhibited homology to both ends of the 10.5 kb DNA sequence. Detailed
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.

213 A New Plasmid (pY033) from Streptomyces orientalis,
T A Vancomycin Producer. Y.K. OH*, L. FARE,
D.P. TAYLOR and L.J. NISBET. Smith Kline & French
Laboratories, Philadelphia, Pa. 19101.

S. orientalls NRRL 2452 produces the glycopeptide
antibiotic, wvancomycin. An arsenate-resistant mutant
(v33) isolated at 10mM Na'Arsenate produced more
vancomycin than the parent strain and was found to carry
a large high copy number plasmid DNA named pY033. The
plasmid, 33.5 Kilo bases, had a number of sites of
restriction endonuclease cleavage, 1including a wunique
EcoRI site. A restriction endonuclease cleavage map was
contructed. Fyrther work 1s In progress to investigate
the role of, and potential for, this plasmid in modifying
vancomycin production.




214 A MECHANISM FOR THE SITE-SPECIFIC EXCISION AND INTEGRATION
OF THE SLP1 ELEMENT OF STREPTOMYCES COELICOLOR:
AND IMPLICATIONS FOR THE FORMATION OF AUTONOMOUS SLP1 PLASMIDS

|

Charles A. Omer and Stanley N. Cohen
Department of Genetics
Stanford University Medical School
Stanford, CA 94305

SLP1 is a genetic element in the Streptomyces coelicolor A3(2) chromosome

which can be transferred to the closely related strain Streptomyces lividans,

66 where it exists as either a chromosomally integrated element or as an
autonomous plasmid of from 10-14 kb(l). We have demonstrated that the

integrated form of SLP1 (SLPli”t) is a 17 kb DNA element that appears to

excise from the S, coelicolor chromosome and exist transiently as a plasmid
during transfer to a S. lividans SLPIT strain. This transiently-existing
plasmid can direct its site-specific integration into the S. lividans
chromosome at a unique locus that corresponds to the original chromosomal

location of stP1i™ in S. coelicolor. Plasmids that contain the complete 17

kb SLP1 sequence were constructed, 1) by in vitro circularization of
restriction endonuclease generated DNA fragments of chromosomal DNA carrying a
tandem duplication of SLPli"t; 2) by molecularly cloning in the E. coli
plasmid pACYC177 of a 17 kb BamHI restriction fragment that contains the
complete SLPlint sequence. When these plasmids were used to transform S.
lividans SLP1™, the resulting transformants contained the SLP1 sequence
chromosomally integrated at the same site as when the sLppint sequence is

transferred by mating.

The physically autonomous SLP1 plasmids obtained by mating S. coelicolor

with S. lividans are structural subsets of the transiently existing 17 kb
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complete SLP1 plasmid. The largest SLP1 plasmid isolated by matings, SLP1.2,

retains the 1.72 kb Pst I fragment that contains the attachment site for SLP1;
but has deleted another region required for integration. The smaller SLP1
plasmids have lost both the attachment site and the region deleted in SLP1.2.
We have constructed an SLP1 plasmid in which only the 1.72 kb Pst I fragment
which contains the attacnment site and an adjacent 0.4 kb Pst [ fragment are
deleted. This constructed plasmid also fails to integrate into the chromosome.
A model for the site-specific excision and 1ﬁtegration of SLP1INt ang 4
possible mechanism for the formation of the autonomous SLPL plasmids will be

presented.

1. Bibb, M.J., J.M. Ward, T. Kieser, S.N. Cohen and D.A. Hopwood. 1983.
Mol. Gen. Genet 184: 230-240.
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15 DNA reiterations in Streptomyces glaucescens: cloningz and
nomolozy analysls of independently isolated sequences

Mamoru Hasegawa*, Jacqueline Piret, Gilberzo Hintermann, and
Ralf Hitter

Mikrobiologisches Institut ETH, CH-8092 Ziirich, Switzerland

*Kyowa Hakko Xogyo Co. LTD, Tokyo Research Laboratories,
Tokyo, Japan

A widespread phenomenon among Streptomyces 1s the occurrence

at unusually high frequencles of certain mutations affecting

the morphological or blochemlcal behavior of the strain.

One form of thils genetic instability can b2 observed as tandemly
reiterated DNA of specific chromosomal regions. Ten independently
isclated reiterated sequences from S.zlaucescens were cloned and
analysed by restriction digests and hybridisations. The amplified
sequenclies occupied up to 45% of the total genomic DNA and ranged
in size from 2.9-35 Kb per single unit. Cross-=hybridisation
between the cloned sequences and hybridisations to total DNA of
the wild type DNA of S.glaucescens revealed that some reiterations

arise from single copy, others from low copy amplified sequences.
All reiterated sequences cloned could be allocated to two regions

of the S.glaucescens genome. PFurthermore some ampliflcations were
accompained by adjacent deletions.
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Structural and functional characterisation of two unstable genss
of Streptomyces glaucescens

Gilberto Hintermann and Ralf Hiitter

Mikrobiologisches Institut ETH, CH-8092 Zirich, Switzerland

Streptomyces glaucescens produces on a sultable medium the
black pigment melanin. The enzyme responsible 1s a tyrosinase.
The gene responsible for tyrosinase production was cloned and
used for the characterisation of melanin-negative mutants.
Mutations affecting tyrosinase production were ldentified as
elther structural gene deletions or as mutations 1nvolved in the
regulation of the expression of the Iintact structural gene.

Another feature of Streptomyces glaucescens is the production
of the aminoglycoside antiblotic hydroxystreptomycin. The gene

conferring resistance to streptomycin-like antibiotics was cloned.
High frequency mutations leading to streptomycin-sensitivity and

streptomycin non-production were identified as larze zenomic
deletions comprising the structural gene for a 6-hydroxystrepto-
mycin phosphotransferase and its flankinz sequences.
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IS110: an insertion element of Streptomyces coelicolor

K. F. CHATER, C. 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

/6C31 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

(IS110) 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 IS110 in att-deleted }{C31

phages containing a viomycin-resistance marker allowed the detection of

S. coelicolor transductants containing the prophage integrated at the various

IS110 copies. Linkage mapping of viomycin resistance in these strains
has shown that at least two IS110 copies have well-defined chromosomal

locations.



218 ISOLATION AND FUNCTIONAL ANALYSIS OF GENES INVOLVED IN

MORPHOLOGICAL DIFFERENTIATION IN STREPTOMYCES COELICOLOR A(3)2

Jacqueline Piret® and Keith Chater™'

*Mikrobiologisches Institut, ETH, Zirich, Switzerland
**John Innes Institute, Norwich, England

The morphological differentiation of Streptomyces coelicolor
colonies 1s an apparently complex process whereby vegetative

substrate mycelium glves rise to aerial branches which in turn
develop chains of spores. Concurrently numerous secondary

products are made. S. coelicolor A(3)2 mutants unable to produce
aerial hyphae form colonies which look bald (bld). There are
four known classes of bld mutants. Using a #C31 phage vector, we
have 1isolated two DNA sequences which restore the capacity to
sporulate to two different classes of bld mutants: bldA and

bldB. The phage derivatives carrying the cloned sequences
permitted the construction of partial diploids for the bld
regions by virtue of phage integration and establishment of
lysogeny 1in the host chromosome. Functional analysis of such
mutant lysogens indicated that the bldA region comprises at least
two genes, one of which is terminally deleted in the cloned
insert. Subcloning experiments placed the bldA genes at one end
of the cloned DNA, supporting the idea that part of the bldA
region 1is missing. A small fraction of mutant lysogens remain
bald. Such colonles release phages which carry bld mutations
rather than wildtype sequences and which apparently arise through
some mechanism of homogenotization. Phages carrying bldA
mutations could be used to show that bldA genes had indeed been
cloned and to perform genetic complementation tests and fine
structure mapping of bldA mutants.
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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 (_g_y_l) which is subject to substrate induction and catabolite
repression (Seno and Chater, J. Gen. Microbiol, 129, 1403 (1983);
Seno et al., Mol. Gen. Genet. 193, 119 (1984)).

Molecular cloning of the entire gy_l_ 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 regim 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.



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, i1
Lilly and Company, Indianapolis, Indiana 46285.

A DNA fragment, which confers resistance to high tylosin concentrations in
Streptomyces lividans and Streptomyces griseofuscus, was cloned from a
tylosin-producing strain of Streptomyces fradiae, T776. The EXlR clone was
obtained by partial Sau3A digestion of S. fradiae DNA, ligation into the
BglII site of the high-copy plasmid vector, plJ702, and transformation into
S. lividans TK23. Screening for tylosin resistance (500 pg/ml) among the

thiostrepton-resistant transformants led to the identification of eleven

recombinant plasmids capable of transforming S. lividans to tylesin
resistance. Restriction enzyme analysis of five of the EXlR plasmids
revealed a common 2.6 Kb Kpnl fragment, which alone could cause tylosin

resistance in §. lividans when present in either orientation in the Kpnl
site of plJ702.

PSVB2, one of the Ele plasmids containing a 4.9 Kb Sau3A insert, was
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
(Tyls) mutants of S. fradiae. Two of the mutants, JS85 and JS87, were
obtained by regenerating protoplasts of Tle strains. JS87 contains a known
deletion encompassing aud, a sequence tandemly reiterated about 500 times in
JS85 and present as a single copy in the parental strains. Southern
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
Tyl” strains of S. fradiae. Thus, the deletion associated with loss of

tylosin production and tylosin resistance in JS87 did not include the cloned
EXlR gene.

The data suggest that the cloned S. fradiae EXlR gene is an mls resistance

gene, or a gene activating expression of an endogenous mls determinant, and

that the cloned gene is poorly expressed in some 'I'ylS mutants of S. fradiae.
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221 Cloning 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, Mpysore - 570013, India. *University of

Michigan, Division of Biological Sciences, Ann Arbor, Michigan 48109, U.S.A.
Streptomyces strains produce a variety of extracellular proteins that

permit the breakdown and utilisation 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 carban source. The agarase gene is

subject to carbon 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 SCP1 (the resulting NF 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 plJ61 and pIJ702. These clones and some of those
obtained from subsequent subcloning experiments appear to respond normally
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 region 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
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

1018471 the existence of a leader peptide analagous to those of other secreted proteins.
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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 of §. lividans 66 and Escherichia coli. S. lividans gave an identical

hybridisation pattern to that of S. coélicoior and the rRNA operons of
E. coli could also be clearly identified, giving a characteristic but much
weaker hybridisation pattern.

Screening of a S. coelicolor genomic library in phage A\ 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 32

P labelled S. coelicolor rRNA has shown that at
least four of the six sets have been isolated. One of these clones,

X\ RSC33, has been analysed further and the order of the genes on it
determined by Southern hybridisation using purified r RNAs as: 16S - 23S -
5S. The genes are closely linked; all three are contained in a maximum
of 5.5 kilobases of DNA.

Preliminary results using 32

P labelled tRNA hybridised against
either genomic DNA or )\ 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.



£z Characterization and chromosomal mapping
of chloramphenicol non-producing mutants of
Streptomyces venezuelae.

1. Doull, C. Stuttard®, & L.C. Vipingl
Departments sf Yicroviology, ana lﬁiolagy
Valhousie UYaiversivy, Hatifax, N.S.. CANADA

Mutagenesis with UV(254mm), INS, or B-N0P-MV, gave twelve indepemdent
mutants of Streptomyces venezuelae umaple $o symthesize chloramphenicol. Mu-
tants Cml-1 and Cmi-12 were avle to convert chorismic acia to p-aminopheny-
lalanine, but produced chloramphenicol when suppiied with p-aminopheny lala-
nine.Mutants Cmi-4, Cml-5 ana Cml-8 accumulated p-aminophenylalanine and were
probably blocked in the hydroxylation of p-aminophenylalanine to p-aminophen-
ylserine. Cml-2 accumulated three non-chlorinated analogues of chlorampheni-
col indicating that chlorination of the x-N-acyl group was blocked. The
remaining six mutants did not excrete any detectable direct or moaifiea
precursor of chloramphenicol.

Conjugational crosses for initiz? chromosomal gene mapping were done
with a fertile, streptomycin-resistant (strA) derivative (VS206) of a rela-
tively high-level chloramphenicol-producfag—strain, vsS191 (his-6 ade-10), a
protoplast regenerant of strain VS113 iagentified in patch tests for lethal
zygosis and fertility. Strain Y3206 was crossed with singly auxotrophic
derivatives of Cmi-1, Cml-3, aund Cmi-7. In each cross the cml mutation
consistently mapped to the chromosome between his-6 and strA6. The other nine
cml mutatioaus were mapped to the same location using prototrophic, SmS Cml™
mutants ia crosses with VS206. This evidence for chromosomally-loca tea
structural genes controlling chloramphenicol biosynthesis in S. venezuelae is
consistent with our earlier evidence against involvement of detectaple plasmia
in this pathway. Also, strain VS19l and a further Ltz-sensitive derivative,
VS194, synthesized chloramphenicol in amounts similar to the parental strain
VS113, suggesting that presumptive loss of one or two physically undetected
fertility plasmias likewise had no effect on chloramphenicol piosyanthesis.
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224  Exocellular Esterase Production by Phytopathogenic Streptomyces

Janet L. Schottel Leann ganty and Ross MtQueen 5
Department of Blochemlstry and Department of Plant Pathology
University of Minnesota, St. Paul, MN 55108

Streptomyces scabies is a gram positive soil bacterium that is
pathogenic on potato tubers. Penetration of the protective covering on
underground plant parts, composed of the polyester compound suberin, may
be a necessary prerequisite to invasion by this organism. Cutin is a
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 their ability to produce exocellular esterases.

The Streptomyces isolates were grown on a variety of different
compounds as carbon sources to test for specific induction of esterases.
These carbon sources included glucose, glycerol, chitin, cellulose, docosane,
octadecane, n-nonocosane, lauric acid myristyl ester, palm1t1c ac1d methyl
ester and cutin. The substrates used for the enzyme assay were p-nitro-
phenylbutyrate (PNPB) and p-nitrophenylpalmitate (PNPP). We found that
four of the isolates produced an exocellular esterase that utilized either
PNPB or PNPP as a substrate; two of the isolates were able to utilize
both compounds as substrates, Organisms grown on cutin as a sole carbon
source produced five to ten times more esterase then organisms grown on
the other carbon sources. No detectable esterase activitv was observed
when the bacteria were grown with glucose or glycerol as the sole carbon
source. The exocellular production of esterase was repressed when the
organisms were grown on cutin plus glucose; cAMP added to the culture
was found to prevent the repression by glucose.
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Use of the E. coli galactokinase gene for the isolation and characterization
of Stregtomzces 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. Antibiotic production and the
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 blosynthesis have not
been characterized and their gene products are not easily detected.

In procaryotes and eucaryotes, promoter sequences which regulate genes
whose products are not readily assayable have been characterized using
transcriptional fusions. The fusions can be constructed in vitro by inserting
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 galK gene. The
plasmids are E. coli-Streptomyces shuttle vectors which permits the rapid
assembly and characterization of the plasmid comstructionms in E. coli followed
by transformation into Streptomyces for functlonal analysis. The gal 821K gene is
preceded by a series of unique cloning sites and a fragment, containing the
tRy transcription terminator of coliphage lambda, which prevents readthrough
transcription into galK. To test the utility of the promoter probe vector
fragments thought to contain Streptomyces promoter sequences were inserted
into the cloning sites preceding galK. One of the fragments was from the
B-gal gene system of S. lividans and a second fragment contained the promoter
from the S. fradiae aph gene. Both fragments stimulated transcription of the
galK gene when inserted in the correct orientation but did not promote galkK
expression in the opposite orientation. The galactokinase produced in
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.

S. lividans naturally produces a galactokinase necessitating the isolation
of a galactokinase deficient derivative for these studies. A galactokinase
mutant of S. lividans was 1solated by UV mutagenesis of a spore suspension and
selected on 2—deoxygalactose to inhibit the growth of cells that produce
galactokinase. The mution in S. lividans 1326/12K™ is complemented by
expression of the E. coli galK gene. Complementation is observed on minimal
media contalning galactose as the sole carbon source or on a pH indicator
plate which can distinguish gal+ versus gal~ cells. Positive and negative
selection for expression of galactokinase in E. coll require complementation
of the host galactokinase mutation by expression of galK from pKO plasmids.
These selection systems have proven useful for studying promoter sequences
cloned into the pKO promoter probe system. The potential of such positive and
negative selections and the pH indicator medium for the isolation and
manipulation of Streptomyces genetic regulatory elements will be presented.

0397V
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22 [solation and Characterization of a New Actinophage

(¢SE1) for Streptomyces erythreus. A. D. GRUND* and
C. R. HUTCHINSON. School of Pharmacy, University of Wis-
consin, Madison 53706.

A new actinophage, #SEl, was isolated from soil on
Streptomyces erythreus NRRL 2338, a strain that is resist-
ant to infection by several of the well-known actinophages.
It exhibited lytic growth on eight strains of S. erythreus
and temperate growth on two other strains, but did not in-
fect 31 other species of Streptomyces. P]aquS formation
was stimulated by the presence of Ca¢' and Mg¢® ions.
Electron microscopy revealed the intact phage virions to
have a hexagonal head outline (55 nm width), ringed tail
(130 nm length), and three or four short tail fibers. The
phage genome was found to be linear, double-stranded DNA
with a size of ca. 41.5 kb as determined by electron micros-
copy. Data from agarose gels indicated three or fewer cut-
ting sites for several restriction endonucleases including
EcoRI, BglII, Clal, HindIII and Stul, and provided a rudi-
mentary genomic physical map. No evidence for cohesive
ends was found by two different methods. These and other
results suggest a headful packaging mechanism for @¢SE1.
Studies of its natural variants, deletion mutants con-
structed in vitro, and genetic properties are in progress
with anticipation that this new actinophage will be useful
in studies of the genetics and biochemistry of macrolide
antibiotic formation in S. erythreus strains.

227 A Model System for Studying the Genetics and Biochem-

— istry of Anthracycline Antibiotic Formation. Mutants of
Tetracenomycin C Biosynthesis in Streptomyces glaucescens.
H. MOTAMEDI, E. WENDT-PIENKOWSKI, and C.R. HUTCHINSON.
School of Pharmacy, University of Wisconsin, Madison, WI
53706.

Streptomyces glaucescens GLA.0, which produces tetracen-
omycin C (TCM C) an anthracycline antibiotic with antitumor
properties, was treated with NTG, UV and DES singly as well
as in pairwise combinations and the surviving colonies
screened by bioassay against S. coelicolor Mi11. Stable,
non-producing (tcm) mutants resulted at an average frequen-
cy of 0.1% (single treatment). Thin layer chromatography
of FtOAc extracts of these mutants grown in Tiquid culture
revealed the accumulation of several putative intermediates
of the TCM C biosynthetic pathway, as well as new compounds
not present in the wild-type strain. Mutants with no
apparent accumulation of TCM C biosynthetic intermediates
also were found. The mutants had wild-type growth, sporu-
latjon and TCM C resistance properties. Classification of
these mutants into secretor-convertor groups using cosyn-
thesis and precursor feeding experiments is being studied.

Protoplasts of the GLA.Q0 strain can be transformed effi-
ciently with two Streptomyces plasmid cloning vectors,
plJ702 and pIJ922. These vectors and others under investi-
gation will be used with the tcm mutant strains in future
cloning and functional studies of the genes governing the
biosynthesis of TCM C.
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228 Mutation, recombination, and gene mapping in the erythromycin
producjng bacterium, Streptomyces erythreus NRRL 2338. J.M.

Weber, C.K. Wierman, and C.R. Hutchinson. University of
Wisconsin, Madison, WI

Streptomyces erythreus NRRL 2338 produces erythromycin A, a
macrolide antibiotic of longstanding medical importance since its
discovery in 1952. 1In 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 sfgtem in
this organism to study erythromycin biosynthesis.

Mutant strains of S. erzihreus unable to produce erythromycin
were isolated following ultra-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.

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. Quantitative data on recombination
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. Two
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. Mutations affecting biosynthesis of the
erythromycin sugars also appeared to be located on the chromosome,

but are probably not close to the mutations in macrolactone
synthesis.
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229 CHEMICAL AND GENETIC ANALYSIS OF ACTINORHOUIN

BIOSYNTHESIS IN Streptomyces coelicolor

Sheri P. Cole, Xian-Guo He, Brian A, M. Rudd, Paul J, Keller,

Ching=-jer Chang and Heinz G. Floss

Streptomyces species produce about two-thirds of the world's antibiotics,
yet little work has been done on the genetics of the producing organism,

especially with respect t> blosynthesis. Streptomyces coelicolor is the

genetically best characterized actinomycete, with over one hundred genes
mapped to its circular chromosome. The genes controlling the bicsynthesis of
actinorhodin (1, figure 3), an acid-base indicating antibiotic, have been
mapped to a short segment on this chromosome. A large number of mutants
defective in actinorhodin biosynthesis were isolated and grouped into seven
classes by Rudd and Hcpwood (1). The classification was based on each mutant's

ability to sec..ete or convert an intermediate in the biosynthesis to actinorhodin,

as shown below:

CLASS

[, TII VII IV VI Vv
> > ——> ——> —— ACTINORHODIN
B18, B4l B40 Bl/ 822 Bl

TYPE STRAIN
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229 cont.

Two classes which secrete intermediates were studied (IV and V), and the
results of these investigations are the subject of this abstract.

The structure of an unstable, yellow intermediate produced by B1, a class V
mu.ant, has been determined. Comparison of its UV-visitle spectrum with related
antibiotics (2), suggests the presence of an oxidized naphthalene skeleton. The
IR of tuis intermedia*e gives evidence for cénjugated carbonyl (1643 cm.1),
hydroxyl (3433 cm-1) and carbexylic acid (1716 cm_1) groups. The bulk of the
data came from 1HNMR experiments, some of which are summarized in figure 1.
Single frequei.cy decouplings of the resonances at 7.397, 6.747, 6.788 and 6.270
ppm were used to establish the connectivities of these protons. Additional
decoupling experiments at 4.761ppm and at 6.270 ppm gave information on the
structure and point of attachment of tne aliphatic portion of the molecule.

The other compound we have isolated is produced by B40, a class IV mutant

which is the first secreting strain of the sequence. This compound is not an

active intermediate in the biosynthesis, but rather a shunt product which is
relatively more stable., Like actinorhodin, it is produced from eight acetate
units, but the cyclizations have occurred at different positions on the poly-
ketide chain. The IR spectrum indicates a carbonyl stretching band at 1678

em~! and a carboxylic acid O-H stretch at 3095 cm™'. THNMR and 'CNMR data are
summarized in figure 2. The point of attachment of the side chain to the

aromatic portion of the molecule cannot be determined with certainty from the
above techniques of analysis, and awaits X-ray diffraction for final clarification,

A partial scheme can be drawn for actinorhodin biosynthesis, as shown in

figure 3. Much work remains to be done concerning the intermediate steps of
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Figure 2. Some NMR data of the B40 shunt product. A, 1HNMR in DMSO—d6,

B. 'JCNMR in CD0D.

OH OH 0 OH
) '\t’.'o", COOH
CH, 2.49 OR A
HO CH,
7.10 2.49
Y,0.7

COOH
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¥irpure 3. PRiosynthetic scheme for actinorhodin.

B40 » B17 » B22 » B1
2 |

4

OH OH OH

0 CH,
2~ 0
COOH
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actinorhodin blosynthesis, and with the aid of blocked mutants, elucidation

of these intermediate structures may be possible.

Some 'HNMR data of the Bi intermediate in CDCl,

Figure 1.
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230 Abstract for Bloomington ASM Meeting

J. S. Feitelson

Medical Research Division, American Cyanamid Company
Lederle Laboratories, Pearl River, NY 10965

The production of the red pigmented antibiotic produced by Streptomyces
coelicolor A3(2), undecylprodigiosin, was studied using molecular genetic and
biochemical techniques. Over 21 Kb of genomic DNA was cloned which “complemented”
several specific mutations in the red gene cluster. Subcloning experiments
allowed the physical mapping of each red gene (redA, B, £, and F) to different
regions within the cloned segments. Mutational cloning in the actinophage PC31
suggested that there are at least two transcription units in the red region.

Biochemical studies using sonicated extracts or gently protoplasted cells
indicated that there were two forms of O-methyltransferase activity on gel
filtration columns: a very high molecular weight peak (>5x106 d) and a 49 Kd
peak. Analysis of extracts from red mutants were consistent with the idea that
these two forms are related, and that at least both redE and redF gene products
are necessary for functional O-methyltransferase activity in vivo. Lack of
functional activity of the redt gene in a heterologous host, S. glaucescens,
provided additional support for the necessity of a biosynthetic complex involving
several red gene products for efficient expression.

Fermentation experiments in 1iquid production media extended the observation

originally made in Serratia marcescens that prodigiosin compounds are classic

examples of "secondary" metabolites. The specific activity of O-methyltransferase
rises after a lag with biomass and peaks at the onset of antibiotic production.
Thus, understanding the mechanisms of genetic regulation of undecylprodigiosin
biosynthesis in S. coelicolor may have relevance to other antibiotic production

pathways, and perhaps to secondary metabolism in general.
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Development of Streptomyces toyocaensis as a Gene Cloning System. ' .
MICHAEL D. JONES AND JEFFREY T. FAYERMAN, Lilly Research Laboratories, Eli
Lilly and Company, Indianapolis, Indiana 46285.

Streptomyces toyocaensis, a producer of a glycopeptide 1ike 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. Procedures for‘proFoplast
preparation, regeneration.and transformation of S. tozocaeQSLS differ from
published methods for manipulating other Streptomyces species. It was
determined that optimal protoplast regeneration is obtained when
protoplasts are prepared at room temperature by lysozyme treatmeqt of
mycelia grown at 37 degrees in media containing 0.4 pe;cent g}yc1ne.
Protoplasts regenerate after approximately three days incubation at 30
degrees. Transformation by cccDNA is linear with respect to the .
concentration of DNA in 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 10° transformants per pg cccDNA
are obtained using approximately 1 X 10° S. toyocaensis protoplasts.

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. Assays of hygromycin phosphotransferase activity
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 HindIII site separating the promoter and the ribosome
binding site.
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MUTANTS FOR MUTASYNTHESIS. . Majer, Northwestern University Me X
and Dental Schools, Chicagno, L #5Ubll.

|

Streptomyces venezuelae ATCC 153068 is a wersatile producer of macro~

lide monoglycosides including the L2 wembered constituenzs of the
methymycin complex and the l4-membered conigeners of pikroayciw.
Colonies of the parent strain after treaszwment with Smethgl-N'-nitre~
N-nitrosoguanidine were screened for noa—producers, These were further
separated into aglycone producers (Agl*) and aglycone non-producers
(Agl~™}. The latter were then assayed for production of the sugar
intermediates {Sug¥) and for the glucosyltransferase activity (Gte™)

in arrangeasents in which the aglycone, for example, narbonolide, was
supplemenzed, The Agli~, Gte®, Sug' idiotrophs thus identified were
examined for their ability to utilize selected mutasynthons from the

macrolide and nen-macrolide series.

234 proTarLAST TRAMSFORMATION AND TRANSFECTION OF THE ANTHRACTCLINE

FRODUCERS STREPTOMYCES PEUCETIUS AND STREPTOMYCES <5

Jay S. Lampel and William R. Stroh),

Cepartment of Microbiology, The Dhio State University,
484 W. 12th Ave. Columbus, JH 4321@.

The anthracv cline~producing gireptomyces peucetiug ar-
Streptamvyces CS fover-producer of €-rhodomycinone) were cchverted Yo
protoplaste +rom swegetatively agrowing meocelia., Conditions arr
described for maximal protoplast formatioh (3994 and for reqerneratid®
frequencies over 50%. Streptomycete plasmids plJ 31, plIJ 381, and piv
782 were isolated from §. liwidape 1326, &hd successfully introduces
inte S. peucetiuz and 3treptomvces CS by polyvethylene gqglycol (PEG
agsisted protoplast trancsformation. Frequencies of up to ¥
transformantsz per ua of plasmid DMA were achieved by these procedures.
The plasmid DNA isclated from a few randomly selected transformants
was analyzed by aqarose gel electrophoresis. Restriction endonucliease
digestion of thege recovered plasmids indicated that the twc
anthracwecline-oroducing strains can stably harbor the plasmids without
deletion of plasmid sequences or loszs of the plasmids for up to three
transters through selection media. $. peygetiys and Streptomyceg (5
mycelia were alsc sencitive to infection by actinophage 8C31 and its

derivative kCd@1. Furthermore, protogplasts of these strains were
transfected with 8BC321 and KC401 DNA using PEG-assiszsted protoplast
transtection. Uptimal conditions were determined for transfection of

the protoplasts.



ISOLATION AN PARTIAL CHARACTERIZATION OF A NEW TEMFERATE ACTINOPH&GE

FROM THE ANTRACYCLINE PRODUCER STREPTOMYCES GaLILAEUS ATCC 31133

Sabine P. Flocher, Jay 5. Lampel, and William R. Strohtl.,

Department of Microbioclogy, The Ohio State Univer=ity,
484 W. 12th Ave, Columbus, OH 43216,

A new temperate bacteriophage was isolated from Streptomvces
galilaeus ATCC 31133 by crossing with various species of Streptomyces.
Sensitive hosts became lysogenized and yielded turbid plaques of 2 to
2 mm in diameter. The bacteriophage can be propogated in ligquid
culture and on solid m=2dia by standard infection, with a pH optimum of
£.8 to 7.8. The phage is not eéficiently induced bv mitomycin C or WY
irradiation. Host range analysis inoi-ated that lé of 23 species of
Streptomyces tested were censitive to intestion on csolid medium.
Streptomyces lidivans and S. coelicalor R3(Zr streiaz Mila, MI126, and
MiZ4 were among those nat infected by this new actinophage. rurified
phage particles were examined by electron microscapy. Morphologicallw
thiz actinophage belangs to Group B of Bradlev's classification. It
has an icosahedral head and a long noncontractile tail with =small
terminal appendages. The genome length of the phage was estimated by
reztriction endonucleacse digestion and agarose gel electrophoresis and
wae determined to be 29 to 31 Kb. This phage was restricted by Sal |,
Pvu 11, and Alu I but in all cases vielded many reztriction fragmentsz.
Mo cites were detected for BamH I, Hind I1I, Pst I, Bgl II, xba 1, and
Bcl II.
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236 DEVELOPMENT OF GENETIC MANIPULATION SYSTEMS FOR THERMOMONOSPORA

Kenneth A. Pidcock, Bland S. Montenecourt, and Jeffrey A. Sands
Department of Biology, Léhigh University, Bethlehem, PA. 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 " 108/m1 and regeneration
frequencies of 0.1%, similar to values reported for other actinomycetes. Proto-
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 Thm. fusca

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

veloped using plasmids and phages of Streptomyces (obtained from D. Hopwood) and
Sam. viridis. Additional plasmids and phages of thermophilic actinomycetes are
being isolated from environmental samples. Screening of thermophilic actino-
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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Efficient Transformation of Streptomyces ambofaciens and

Streptomyces fradiae protoplasts by plasmid DNA.

PATTI MA;SUSHIMA and RICHARD H. BALTZ, Lilly Research Laboratories, Eli
Lilly and Company, Indianapolis, Indiana 46285.

Conditions for efficient transformation of Streptomyces ambofaciens
and Streptomyces fradiae protoplasts by plasmid ONA have been
jdentified. Transformation frequences were influenced by the
temperatures for cell growth, protoplast formation and protcplast
regeneration; by the growth phase of the cells before protoplasting; by
the concentration of protoplasts in the assay; by sodium chloride or
sodium acetate concentration and by the source and concentration of
polyethylene glycol, the transformation inducing agent. Transformation
frequences were enhanced about 10-fold by adding heterologous DNA and
protamine sulfate to the transformation assay. Under optimum conditions,
S. fradiae and S. ambofaciens protoplasts were transformed with plasmids
PFJI05 and plJ702 3t frequencies of 1.5 x 100 to 1.5 x 107
transformants/ug DNA. S. fradiae protoplasts were transformed at a
100-fold lower efficiency with pFJ105 isolated from S. ambofaciens rather
than S. fradiae, suggesting that S. fradiae possesses a
restriction/modification system(s]. Mutants of S. fradiae, partially
defective in restriction and more efficiently transformable by three
different plasmids have been isolated and partially characterized.

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, Eli Lilly and Company, Indianapolis, Indiana

46285.

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 their localization and time of appearance. One activity is
produced during vegetative growth in a semi-synthetic medium and is found
released into the growth medium. When cells are grown in a minimal salts
medium a second activity 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 FORMS OF RNA POLYMERASE FROM STREPTOMYCES COELICOLOR THAT DIFFER IN

THEIR PROMOTER RECOGNITION SPECIFICITY AND THEIR SIGMA SUBUNITS: Janet Westpheling,
Department of Cellular and Developmental Biology, Harvard University, Cambridge,

Massachusetts

Streptomyces coelicolor contains at least two forms of RNA polymerase which are
distinguishable by their ability to utilize representatives of different promoter classes

from Bacillus subtilis. To examine promoter recognition specificity of RNA polymerase from

S. coelicolor we employed two well characterized templates from B. subtilis known as veg and
cte. The veg promoter is utilized in B. subtilis by the predominant form of RNA polymerase
in vegetative cells (Eoss) and has an "E. coli like" recognition sequence. ctc has a novel
promoter sequence and is utilized by a minor form of RNA polymerase (E037). Using veg and
ctc containing DNAs as templates, partially purified preparations of RNA polymerase from S.
coelicolor were assayed by in vitro run off transcription. Two forms of enzyme were
identified which correspond to the Eo55 and E037 forms of B. subtilis holoenzyme in their
promoter recognition specificity. Further purification of these enzymes revealed that they
have the same subunit composition of core RNA polymerase {beta, beta prime and alpha)
characteristic of prokaryotic RNA polymerases. In addition to the core subunits, several
minor bands were observed to copurify with the transcribing activities. In heterologous
complementation experiments in which these gel purified polymerase associated proteins fron
S. coelicolor were tested for their ability to stimulate ctc and veg transeription in the
presence of core RNA polymerase from B. subtilis in in vitro transcription assays, it was
possible to identify sigma factors for veg and ctc transcription. veg transcription is
directed by a protein of approximately 35,000 daltons (EO35) and cte transcription is
directed by a protein of approximately 41,000 daltons (E041). We have used the veg and ctc

transcribing activities to identify and characterize a Streptomyces promoter with a novel

recognition sequence (Ranes and Westpheling, abstract this meeting).
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IDENTIFICATION AND CHARACTERIZATION OF A NON-E. COLI-LIKE PROMOTER FROM STREPTOMYCES: Monica

Ranes and Janet Westpheling, Department of Cellular and Developmental Bislogy, Harvard
University, Cambridge, Massachusetts
We have identified and characterized the promoter region of the endoglycosidase H gene of

Streptomyces plicatus. endoH, whose product is a glycosidic enzyme secreted by S. plicatus,

was cloned by Phillips Robbins and his collaborators (JBC 256: 10640). S1 nuclease protection

analysis with RNA isolated from S. plicatus indicated that transcription of endoH in vivo

originates at a site (indicated in the sequence below) located approximately 140 bases
upstream from the beginning of the endoH coding sequence. To identify components of the
transcriptional machinery which traanscribe endoH, we used this gene as a template in in vitro

transcription assays with partially purified Streptomyces RNA polymerase. It has recently

been determined that RNA polymerase is heterogeneous in Streptomyces (Westpheling, poster this

meeting) and at least two holoenzyme forms have been purified using as templates for

transcription the veg and ctc promoters from Bacillus subtilis. We found that a form of

polymerase which copurifies with the ctc transcribing activity transcribes the endoH gene in
vitro and that transcription in vitro was initiated at or near the start site of RNA synthesis
utilized in vivo. The nucleotide sequence of this region (determined by the method of Maxam

and Gilbert) reveals homology with the "-35" and "-10" sequences of the ctc promoter.

TTTCGAGETT?AAATCCTTATCGTTAT@EBTA?TE?T?GTAATQQG ota
L Tre

ATTGACTRATTGACGCGC TTCCGGC(GGCAGGGGAGGCACGGTG endoHl

Bases in the ctc promoter which have been shown to be important for utilization by B. subtilis
Ec37 as judged by homéiogies to other Eo37 promoters (oversized letters), methylation
protection experiments (asterisks) (Moran et al., JMB 162: 709), and nucleotide substitution
experiments (triangles) (Talti and Moran, JMB 175: 285) are compared to bases of the endoH

promoter at similar positions from the transcription start site (underlined).

1078LAb



ASM CONFERENCE ON GENETICS AND MOLECULAR BIOLOGY

OF INDUSTRIAL MICROORGANISMS

ABSTRACTS OF INVITED LECTURERS

30 SePTEMBER - 3 OctoBER, 1984
UNIvERSITY OF INDIANA MEmoORIAL UNION

BLooMINGTON, INDI1ANA

SPONSORED BY THE
AMERICAN SOCIETY FOR MICROBIOLOGY

1018491



|

RECOMBINANT DNA AND 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 the 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. Stewart
Labatt Brewing Company Limited
150 Simcoe Street
London, Ontario, Canada N6A 4M3

The requirements of a brewing yeast strain can be defined as follows: “on
order to achieve a beer of high quality, the yeast culture must be effective in removing
the desired nutrients from the growth/fermentation medium, (i.e. the wort), it muat
impart the required flavour to the beer and finally, the microorganisms themaelues
must be effectively removed from the fermented wort after they have pulfiffed their
metabolic role”. In terms of process and product optimization in the brewing
process, the utilization of wort sugars and carbohydrates is of prime
importance. With the advent of 1ight (1lite) beers, the subject of the
requlation of carbohydrate metabolism by brewing yeasts has gained even
greater significance. Wort contains the sugars sucrose, fructose, glucose,
maltose and maltotriose, together with dextrin material. 1In the normal
situation brewing yeast strains are capable of utilizing sucrose, glucose,
fructose, maltose and maltotriose in this approximate sequence, although
some degree of overlap does occur, leaving the maltotetraose (G4) and larger
dexgrin molecules unfermented. ‘

Although an abundance of information continues to accumulate concerning the
genetics and biochemistry of laboratory (“academic") strains of
Saccharomyces cerevisiae, there is still a marked lack of data on the

genetic constitution of industrial yeast strains. As polyploids or
aneuploids that do not possess a mating type, these strains exhibit a low
degree of sporulation and yield spores of low viability, properties that
render genetic analyses extremely difficult. Nevertheless, by virtue of
their polyploid nature, the industrial strains are extremely stable and as
such are resistant to ploidy breakdown, cross-breeding and mutational forces.

To successfully manipulate brewing strains the techniques of mutation,
hybridization, spheroplast fusion and liposome-mediated transformation have
been employed. Treatment of brewing strains with benomyl, a commercial
fungicide reported to induce mitotic chromosome loss, permitted recovery of
recessive auxotrophic markers indigenous to these strains. Hybridization
has been used primarily to construct strains suitable for use as partners in
spheroplast fusions with industrial strains. The derived strains should
meet the following criteria: 1) rapid fermenters, 2) capable of fermenting
wort dextrin material (DEX), 3) lack undesirable fermentation

of f-flavours (pof), 4) ethanol tolerant, 5) osmotolerant, 6) capable of

utilizing maltose in the presence of glucose (derepressed) and, 7) possess
killer activity.

In order to obtain novel hybrids harbouring such desirable properties,
crosses were performed between the aforementioned and industrial strains by
employing two methods - rare matings that involve use of karyogamy defective
(kar) strains and/or spheroplast fusion. 1In addition, yeast

transformation experiments using yeast plasmid DNA and total native DNA
encapsulated in liposomes were carried out. In regard to liposome-mediated
transformation, liposomes or synthetic microcapsules prepared by reverse
phase evaporation not only protected entrapped DNA from nuclease
degradation, but also interacted strongly with yeast spheroplasts under
conditions favouring somatic fusion and transformation.
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Cloning and Expression of the Aspergillus awamori Glucoamylase Gene 1in Yeast.
J.H. MePde, P.C. McCabg, G.E. Cole, V.P. Wittman, R. Tal, D.H. Gelfand, J.P.
Holland', M.J. Holland' and M.A. Innis. Molecular and Biological Research
ivision, Cetus Corporation, 1400 Fifty-Third St., Emeryville, CA 94608, U.S.A.
Department of Biological Chemistry, Medical School, University of California,
Davis, CA 95616 U.S.A.

The extracellular glucoamylase from Aspergillus awamori hydrolyzes starch at the
a-1-4 and «-1-6 linkages to yield glucose and 1is thus an enzyme of choice in
commercial saccharification processes. The structure and sequence of the
Aspergillus awamori glucoamylase gene will be presented. Features of the 5'-
promoter region and the structure of the four small introns located within the
glucoamylase gene appear homologous to several characterized yeast genes.
However, no expression of glucoamylase protein or mRNA was observed when Yep
vectors carrying the glucoamylase structural gene and considerable 5'- and 3'-
flanking sequence were introduced into strains of yeast. We have determined that
the lack of expression results both from the inability of yeast to recognize the
Aspergillus promoter and from failure of yeast to properly excise the Aspergillus
introns. In order to express the Aspergillus awamori glucoamylase in yeast, we
used oligonucleotide directed mutagenesis techniques and partial cDNA clones to
delete the four introns and introduce a yeast promoter, ENOl, at the 5'- end of
the gene. We have achieved expression of the glucoamylase gene in yeast. The
glucoamylase that is produced is glycosylated and secreted to the extracellular
medium., We will discuss the NHp-terminal processing and glycosylation of this
heterologous enzyme by yeast.
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THE MLS RESISTANCE PHENOTYPE IN Streptomyces:
METHYLASE SEQUENCE AND ENHANCED ANTIBIOTIC PRODUCTION
IN CONSTITUTIVELY RESISTANT MUTANTS

Hiroo Uchiyama, Mark Mayford, and Bernard Weisblum
University of Wisconsin Medical School, Madison, WI 53706

Two questions are addressed in the work that will be reported: (1) Is
it possible to demonstrate structural similarity between MLS resistance

methylases of Staphylococcus aureus and Streptomyces despite extremes of GC
content in their respective chromosomal DNKS% and (2) In view of the

inducibility of MLS resistance in antibiotic-producing strains of Strepto-
myces that synthesize MLS antibiotics, will efficiency of antibiotic
production be enhanced in constitutively resistant cells?

(1) As a model system for sequence studies we used the MLS resistance
methylase structural gene from Streptomyces erythreus subcloned in plasmid
plJ43 by C.J. Thompson et al., Gene 20:51-62, (1982). The DNA sequence
corresponding to the methylase structural gene was determined by standard
methods. One open reading frame deduced from the DNA sequence was readily
aligned with, and showed clear-cut similarities to the S. aureus plasmid
pEl194 reference methylase, as well as to two other reference methylases
whose sequences have thus far been determined, namely, the methylases
encoded by S. sanguis plasmid pAM77 and by a subcloned B. licheniformis
strain 749 chromosomal ONA determinant. Sequence similarities were found
distributed in parallel along the entire length of the methylases used for
reference and, significantly, many occur as conserved clusters of 2 to 5
consecutive identical residues. The extent of similarity found in the MLS
resistance methylases suggests that they all evolved from a common
progenitor. Oligonucleotide probes corresponding to several conserved
clusters have been synthesized for use as probes to identify methylase-
containing clones in gene libraries prepared from other Streptomyces.

(2) As a model system for antibiotic production studies we used
Streptomyces lincolnensis NRRL 2936 a strain that synthesizes lincomycin.
We have shown that adenine methylation in 235 rRNA of S. lincolnensis is
inducible by lincomycin added exogenously to the culture medium. Since
S. lincolnensis synthesizes lincomycin toward the end of its growth cycle,
we speculated whether cells entering the stationary phase of growth might
first synthesize a low, subinhibitory concentration of lincomycin and that
this low concentration synthesized endogenously might function as an
autoinducer of lincomycin resistance to enable the cell to synthesize
higher levels of antibiotic subsequently. We further reasoned that
constitutively resistant derivatives, having bypassed the autoinduction
step, would initiate lincomycin production with a reduced lag and possibly
synthesize the antibiotic to a higher level. We therefore measured
lincomycin production over a period of 7 days in parallel in a mutant of
S. lincolnensis selected with maridamycin (a macrolide) and in the wild-
type progenitor strain. It was found (a) that lincomycin production was
detectable one day earlier in the mutant than in the wild-type (day 4 in
the mutant versus day 5 in the wild-type), and (b) that lincomycin

production in the mutant reached a maximum level 5-fold higher than the
wild type.
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Regulation of the Yeast CYC1 Gene
Leonard Guarente
Department of Biology
M.I.T.

Cambridge, Massachusetts

The CYC1 gene of Saccharomyces cerevisiae encodes the iso-1-
cytochrome ¢, which is a part of the respiratory chain in the inner
m1toch0ndr1a1 membrane. Regulation of CYC1 has been studied using
lacZ gene fusions and in vitro mutagenesis sis to identify promoter and
regulatory sequences acting in cis, and standard yeast genetics to
identify loci encoding regulatory | prote1ns acting in trans. These
exper1ments have shown that two regions are required in cis for CYCl
expression--one is the TATA box sequence at -30 from the transcription
start, and the other is an upstream activation site (UAS) at about
-250. The latter region consists of two independently functioning
sites, UAST at -275, and UAS2 at -225. Each site, when placed upstream
of the TATA box of a heterologous yeast gene, confers activation
subject to the physiological signals which givern control of CYC]
(heme and catabolite repression). Current exper1ments are directed
at constructing base substitution mutations in the UASs, identifying
proteins which bind to the UASs to mediate activation, and ultimately,
solving the mechanism of upstream activation. This solution may also
apply to enhancer and regulatory sites of mammalian genes.




THE ROLE OF PROTEASE LA (THE LON GENE PRODUCT)
AND ATP IN PROTEIN DEGRADATION IN E. COLI

Alfred L. Goldberg, Lloyd Waxman, A. Satish Menon, Stephen Goff
Harvard Medical School, Bostaon, MA 02115

E. coli, like mammalian cells or certain organelles, rapidly degrade
hignly abnormal proteins as may arise by mutations, gene fusions, or
biosynthetic errors. Many proteins cloned in bacteria are rapidly
hydrolyzed, and this process can sharply reduce the yield of the cloned
polypeptide. In E. coli, as in mammalian cells, such abnormal proteins are
degraded by a soluble process that requires metabolic energy. Much has
been learned about the enzymes that may contribute to this process. E.
coli contain 6 soluble proteases capable of degrading globin or casein.
These activities have been purified and named proteases Do, Re, Mi, Fa, So,
and La. In addition, E. coli contain two membrane-associated endoproteases
that hydrolyze casein, as well as two soluble endoproteases named Ci and Pi
that degrade smaller polypeptides (e.g. insulin) and many exopeptidases.

The energy requirement for proteolysis in E. coli results from the ATP
requirenent for the activity of protease La. This novel enzyme is the
product of the lon gene. It seems to catalyze the initial cleavages on
protein substrates, while the other (ATP-independent) proteases are
involved in subsequent steps in this pathway. lon mutants contain a
defective protease La and show a decreased capacity for degrading abnormal
proteins, while strains containing increased amounts of protease La
hydrolyze such proteins especially rapidly.

Protease La has a number of unusual properties: 1) It contains an
inherent ATPase and cleaves proteins and ATP in a coupled process. 2)
Protein substrates stimulate ATP hydrolysis 2-4 fold. 3) Approximately two
ATPs are utilized per peptide bond cleaved. 4) It is very large for a
protease and contains four identical subunits (Mr=94,000). We have
isolated a similar enzyme from liver mitochondria, which catalyzes the
rapid breakdown of abnormal mitochondrial polypeptides.

Recently we have identified fluorogenic tetrapeptide substrates which
are cleaved by protease La in an ATP-dependent fashion. The hydrolysis of
these peptides {unlike the breakdown of proteins) requires only binding of
ATP and not its hydrolysis. Use of the peptide substrates has allowed us
to dissect partial enzyme reactions and to show that ATP-dependent
proteolysis involves a multistep reaction cycle: ATP binding occurs
initially and allows proteolytic function. Subsequently ATP hydrolysis
occurs and leads to a temporary inactivation of the protease (until a new
ATP is bound). This process must occur repetitively until small peptides
are generated. One additional novel property of this enzyme is that
binding of protein substrates induces enzyme activation (as shown by more
rapid hydrolysis of fluorogenic peptides). This activation of the enzyme
by potential substrates appears important in the regulation and selectivity
of intracellular proteolysis.

Recently, we and others have shown that protease La is a heat-shock
protein. Its transcription and the overall rate of proteolysis in E. coli
are controlled by the htpR locus. Protease La content rises under various
conditions that cause the production of large amounts of abnormnal proteins
within cells (e.g. exposure to hignh temperatures, amino acid analogs,
or certain plasmids). Induction of this protease thus may help protect
against accumulation of such abnormal polypeptides.

1018503




oo

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. However, the ability to predict the level at which a gene will express
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 efficliently 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-l-antitrypsin,
metallothioneins, influenza NS1, gig, myb, myc and abl, 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. Increased expression is also being studied via the use of
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.
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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 promotérs 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 or 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 start 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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Chloramphenicol-Inducible Gene Expression. S. Mongkolsuk, E.J. Duvall,

N.P. Ambulos Jr., and P.S., Lovett. University of Maryland Baltimore County,
Catonsville.

pPL703 (n5 kb) is a promoter-cloning plasmid for Bacillus subtilis. The
plasmid consists of a promoter-less gene, cat-36, inserted in pUB110 at a
site that prevents vector initiated transcription. A 21 bp multicloning site
linker located 144 bp upstream from cat-86 in pPL703 permits the cloning of
promoters into unique EcoRI, BamHI, Sall and Pstl sites. 1In promoter containing
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. Evidence has been
obtained suggesting that chloramphenicol inducibility is due primarily to
post-transcriptional regulation. A model is presented in which chloramphenicol-
modified ribosomes interact with cat 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 pCl94.

]
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A iarge proportion of clasmid vectors used as vehicles
Tor recomn;nant DNA 1n yeast contain Autonomously
Fepitcating Sequences (ARS°s) derived from yeast
chramososmal ONAL. As & model system for our 1nvestigation of
a3+ replication of nuclear DNA 1n the yeast
revisia€ we have chosen one such element
ator was tirst isclated by Stimchcomb
of a 1453 base pair EcoRl restriction
st chnromosomal DNA which also contained a
gene. wWe later demonstrated that when
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icated ander cell cycie control comparabie to the bulk
yveast nuTtlszar OMA. Subsequentiy Fangman and co-workers
e shawn that the plasmid repiicated once per molecule per
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fUCLeE0sSome s1ze at gor near the 8R5S1 site as deteyrmined

'
b
B2
i
rl
o
it
pol
Pt
(1]
3

~NJ

U
Un
m

n «1

EUSE S VE R D O e

3w

cimon moer
Lo | (R A
o LM
1]} th
3
e
e
.
o
i
0
[}
1]

~
]
{1
ot
m

L3

[ A I o B
b S O TR S | 1}
m r- «

13

f-'

by In vitro mutagenesis experiments done by our
laboratory and others. We have purified milligram guantities
c

¥ the chromatin form of the plasmid and are using it 1in
several ways 1ncluding as an antigen to raise and screen a

panel of monoclional antibodies against associated
determinants. We have also constructed several new plasmids
in Escherichia coli which make introduction ot

zddi1tioral DhNA segments into YARpl +acile, ana nave shown
that t

he product of an added URA3Z gene 1s overproduced

n an amount comparable to plasmid copy rnumber and similar
to the amount observec for (=PL product +rom YARpl.

Furtner investigations of the stabilities, copy numbers and
~eplicative properties of YAxpl and 1ts derivatives nave
Aalso been conducted.
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PRODUCTION OF RECOMBINANT VACCINES FROM MICRUOOGANISMS. Dennis

G. Kleid, Genentech Inc., 460 Point San Bruno Blvd., So. San
Francisco CA 94080.

In the last three years genetically engineerec
microorganisms such as E. coli and S. cerivisiae (yeast) have
been demonstrated to be of use as a source of antigens for
vaccine production. The first demonstration of this was when
an antigenic protein coded by the Foot-and-Mouth Disease Virus
was expressed in E. coli, isolated from the organisms and shown
to protect cattle and swine from viral challenge. Recently the
Hepatitis B surface antigen was produced in yeast and shown to
protect chimpanzees from Hepatitis and shown to induce antibocdy
in humans. Although the examples cited are very limited in
number, and as yet no large scale human or animal trials have
been reported, it appears that a new era in vaccine production
as begun. However, there are several problems that remain to
be overcome. The key to a successful vaccine is efficacy not
the inexpensive proauction of an antigen. Considerable
attention must be placed on the quality, safety, purity, ang
potency of the vaccine product produced. One of the major
difficulties with production of vaccines via genetically
engineered microorganisms has been the recreation of viral
antigenic sites from the largely denatured proteins produced.
The three dimensional structure of these sites and the
necessity of refolding the protein in such as way as to
recreate these sites is a major obstacle. This report will
review these problems and discuss how they were overcome with
the Foot-and-Mouth Disease VPl, the Hepatitis B surface antigen
and the Herpes type I and II glycoprotein D.



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 -synthase1 and phenoxazinone synthasez); (2) complementation of
blocked mutants of an antibiotic-producing strain (undecylprodigios'm3 and

actinorhodin4); (3) mutational cloning in an antibiotic-producing strain
(methylenomycins).

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 antibiotic4. 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 gC31 vectors.

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. Omura and

colleagues), are seeking novel "hybrid" antibiotics produced by the clones.

J. A. Gil and D. A, Hopwood, Gene, 25, 119-132, 1983
G. H. Jones and D. A. Hopwood, J. Biol. Chem. (in press)

F. Malpartida and D. A. Hopwood, Nature 309, 462-464, 1984

1
2
3. J. S. Feitelson and D. A. Hopwood, Mol. Gen. Genet. 190, 394-398, 1983
4
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. Both the
Escherichia coli B-galactosidase and hygromycin phosphotransferase genes
are expressed in S. ambofaciens when the veg promoter and ribosome binding
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. With successful heterologous
gene cloning it might be possible to develop new antibiotics and to modify
the chemical structure of existing antibiotics.
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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 lacZ -fusion experiments). Moreover, selections for
insertion or deletion of DNA can be applied. All of these aspects have been
exploited in the development of a series of vectors based on the wide host-
range Streptomyces temperate phage gC31., 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 lacZ or the viomycin-resistance
gene vph, incorporated into the vector; (3) homogenotization, so 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, 119, 1284). 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 17 kb of cloned DNA involved in methylenomycin 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.
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AMPLIFIED DNA: STRUCTURE AND SIGNIFICANCE - C. L. Hershberger and S. E.

Fishman, Eli Lilly and Company, 307 East McCarty Street, Indianapolis,
Indiana 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. Relatively short DNA segments of 5-20 kb amplify to
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
reiterated 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.

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 ADS-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. AUD-Sfl from S.
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. The two additional copies of RS are within 15 kb of
each other but they are separated from each other by a sequence that is not
homologous to the internal sequence of AUD-Sfl. Analyses of the deletion
mutants described above provide a preliminary map delineating the relative
positions of all four copies of RS. The arrangement of the four RS's
suggests the potential for chromosomal rearrangements such as
amplifications, deletions, inversions and translocations.
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Physical and Genetic Characterization of Actinophage
SF1, A Pl-Like Phage Isolated from
Streptomyces fradijae

Shiau-Ta Chung and Stuart A. Thompson
The Upjohn Company
Kalamazoo, MI

The actinophage SF1, 1like Pl bacteriophage in E. coli, exists in its host as
a plasmid prophage (pUC13) and transduces chromosomal and plasmid markers from
one strain to another via generalized transduction. Frequencies of SFl-mediated
transduction range from 2x10-4% to 3x10-6 per P.F.U. for auxotrophic markers
and plJ702, and 1 to 3 per P.F.U. for mini-plasmids derived from pUCl13. The
encapsulation of SF1 DNA begins at a pac site and proceeds sequentially by headfuls
of DNA in one direction along a concatemer. Although the mechanism of formation
of transducing phage particles for chromosomal markers may mimic pac gene encapsu-
lation, a recombination-mediated mechanism appears likely for the high frequency
transduction of pUCl3 mini-plasmids. We have also determined by restriction
and deletion analyses the relative locations of the pac site, the immunity region,
the origin of prophage replication, a locus for clear plaque formation and non-essen-
tial regions. Finally, although the host range of SF1 is Timited to neomycin-produc-
ing S. fradiae, we have been able to introduce pUCl3-derived mini-plasmids into
other Streptomyces sp.

10718510



21

GENETIC INSTABILITY: AMPLIFICATION, DELETION
AND REARRANGEMENT WITHIN THE DNA

Hildgund Schrempf, Dalhousie University,

Dep. of Biology, Halifax,N.S. B3H 4J1 Canada

Many plasmidless and plasmid-containing

strains of Streptomyces are geneticallv un-

stable. Variants having alterations in their
secondary metabolism arise frequently and are
likely to differ from the corresponding wilcd-
type strains by characteristic chances within
the chromoscmal and if present, extrachromo-
somal DNA. The chromosoﬁal changes which have
been identified include deletions (i.e. the
structural gene for tyrosinase, required for
melanin formation), amplification and re-
arrangement of specific DNA seguences. De-
pending on the variant tested, the amplified
sequences may represent 5-40% of the total
DNA. So far, it is unknown whether these se-
cuences code for functions, but it has been
shown that they are neither ribosomal, t-RNA
nor plasmid genes. These sequences (or parts
of them) exist in several copies within the

genomes of most strains of Streptomvces and

within some other Actinomycetes. Different
classes of reiterated seguences have been
characterized and it will be of further inter-
est to gain an understanding of their functions
and their possible role in the variability of

the Streptomyces genone.

References:
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Cloning, expression and regulation of the phenoxazinone synthase gene from
Streptomyces antibioticus

George H. Jones

Phenoxazinone synthase (PHS) is thought to be a key enzyme in the biosyn-
thesis of actinomycin by Streptomyces antibioticus. The phenoxazinone synthase
structural gene has been localized to a 2.4 kb fragment of S. antibioticus DNA.
This fragment has been cloned using the plasmid vector, pIJ702, and high levels
of PHS activity are detected after transformation of S. lividans with the re-
sulting recombinant plasmid. This plasmid also functions as a template in a
streptomycete coupled transcription-translation system and the 2.4 kb insert
codes for the synthesis of a protein whose electrophoretic and immunological
properties are indistinguishable from those of the 89,000 Mr subunit of PHS.
The cloned PHS gene has been used as a probe to examine the regulation of
PHS expression in S. antibioticus. Dot blotting experiments have shown that
the normally observed increase in PHS activity during growth of S. antibioticus
cultures results from the production of new mRNA for the enzyme, and that
the repression of PHS activity in glucose grown cultures is also mediated at
the transcriptional level. The size of the PHS message has been examined by
Northern blotting techniques, and the direction of transcription of the PHS
geﬁe has been determined using end-labeled restriction fragments derived from
the 2.4 kb structural gene.

The cloning experiments also resulted in the isolation of two other DNA
fragments from S. antibioticus which are capable of inducing production of
active PHS after transformation of S. lividans with the corresponding recom-
binant plasmids. These fragments do not overlap the 2.4 kb structural gene
and do not code for PHS related proteins in the coupled transcription-trans-
lation system. Rather, they appear to activate a normally “silent" PHS gene
in S. lividans. That gene has been identified by Southern blotting using the
cloned S. antibioticus PHS gene as a probe.
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A MECHANISM FOR THE SITE-SPECIFIC EXCISION AND INTEGRATION
OF THE SLP1 ELEMENT OF STREPTOMYCES COELICOLOR:
AND IMPLICATIONS FOR THE FORMATION OF AUTONOMOUS SLP1 PLASMIDS

Charles A. Omer and Stanley N. Cohen
Department of Genetics
Stanford University Medical School
Stanford, CA 94305

SLP1 is a genetic element in the Streptomyces coelicolor A3(2) chromosome

which can be transferred to the closely related strain Streptomyces lividans,

66 where it exists as either a chromosomally integrated element or as an
autonomous plasmid of from 10-14 kb(1l). We have demonstrated that the

integrated form of SLP1 (SLPli"t) is a 17 kb DNA element that appears to

excise from the S. coelicolor chromosome and exist transiently as a plasmid
during transfer to a S. lividans SLP1™ strain(2). This transiently-existing
plasmid can direct its site-specific integration into tne S. lividans
chromosome at a unique locus that corresponds to the original chromosomal

location of SLPlint in S. coelicolor. Plasmids that contain the complete 17

kKb SLPl sequence were constructed, 1) by in vitro circularization of
restriction endonuclease generated ONA fragments of chromosomal DNA carrying a
tandem duplication of SLPli"t; 2) by molecularly cloning in the E. coli
plasmid pACYC177 of a 17 kb.BamHI restriction fragment that contains the
complete SLPli"t sequence. When these plasmids were used to transform S.
lividans SLP1™, the resulting transformants contained the SLP1 sequence
cnromosomally integrated at the same site as when the sppint sequence is
transferred by méting. [f additional DONA is inserted into the plasmid
containing the complete SLP1 sequence, upon transformation the exogenously

derived segment will integrate into tne S. lividans chromosome along with the

SLP1 DNA.
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The physically autonomous SLP1 plasmids obtained by mating S. coelicolor

with 5. lividans are structural subsets of the transiently existing 17 kb
complete SLP1 plasmid. Tne largest SLP1 plasmid isolated by matings, SLP1.2,
retains the 1.72 kb Pst I fragment that contains the attachment site for SLP1;
but has deleted another region required for integration. The smaller SLP1
plasmids nhave lost both the attachment site and the region deleted in SLP1.2.
We have constructed an SLPl plasmid in which only the 1.72 kb Pst I fragment
which contains the attachment site and an adjacent 0.4 kb Pst I fragment are
deleted. This constructed plasmid also fails to integrate into the chromosome.
A model for the site-specific excision and integration of SLP1'" and a

possible mechanism for the formation of the autonomous SLP1 plasmids will be

presented.

1. B8ibb, M.J., J.M. Ward, T. Kieser, S.N. Cohen and D.A. Hopwood. 1981.
Mol. Gen. Genet. 184: 230-240.

2. Omer, C.A. and S.N. Conen. 1984. Mol. Gen., Genet. In press.
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Transport of Invertase from the Endoplasmic Reticulum to the Golgi Body in feast

Randy Schekman, Irene Schauer, and Anton Haselbeck

Department of Biochemistry
University of California, Berkeley

Secretion and cell surface growth have been analyzed in S. cerevisiae by the
isolation and characterization of conditionally-lethal mutants that are specifically
blocked in these processes. Mutations in 23 genes have been obtained which cause
secretory organelles (endoplasmic reticulum, Golgi bodies, secretory vesicles) and
glycoproteins to accumulate at a nonpermissive growth temperature. An additional
two genes are required for translocation of newly-synthesized polypeptides across the
ER membrane. Mutants blocked early in the pathway have shown that glycoprotein car-
bohydrate synthesis is compartmentalized: N-glycosidic core oligosaccharides are
added in the ER, and outer chain oligosaccharides are added in the Golgi body. Part
of the pathway defined by these mutants is also required for the assembly of the

yeast vacuole. Secretory and vacuolar proteins are transported from the ER to the
Golgi body where they are sorted.

The role of structural signals in intercompartmental transport has been addressed
by the isolation of yeast invertase (SUC2) mutations that result in delayed secretion.
Retention of full enzyme activity in a secretion-defective mutant invertase was used
to distinguish transport lesions from more general perturbations of protein structure.
Two mutations that delay transport of core glycosylated invertase, but not acid phos-
phatase, from the endoplasmic reticulum have been mapped in the 5' coding region of
SUC2. One mutation {SUC2-s1) canverts an ala codon to val at position -1 in the sig-
nal peptide; the other (SUC2-s2) changes a thr to an ile at position +64 in the
mature protein. Mutation sl results in slow processing of the signal peptide which
can account for the ~50 fold reduced rate of transport. s2 Mutant invertase is
transported 7 fold more slowly than normal, with no delay in sianal peptide cleavage,
and no detectable abnormal physical property of the enzyme.

A functional assay for intercompartmental transport of invertase in vitro has
been developed. The assay is based on a specific carbohydrate modification, the
addition of a-1,3 mannose units to the outer chain oligosaccharide, that occurs when
invertase is transported to the Golgi body. An antibody directed against this linkage
will precipitate active invertase, although the modification is not essential because
fully active invertase is secreted by a mutant (mnnl) that is defective in the «-1,3
mannosyltransferase. C8re-g1ycosy1ated invertase, accumulated in the ER in a pleio-
tropic sec mutant at 37°C (secl8), provides a source of ER donor membranes. In
order to ensure an intercompartmental reaction, the donor cell also carries the mnnl
mutation, and a recipient cell that is secl8 (or SEC18) MNN1 and aSUC2 (invertase
gene deleted) is used to provide a distinct Golgi membrane. Transport from the donor
to the recipient must occur for invertase to be converted to a form that is precipi-
tated by the «-1,3-man antibody. At 240C about 2 to 4% of the ER-bounded invertase
is converted in a reaction that requires GDP-mannose and ATP, while at 300C or
370C no transport is detected. secl8 Mutant cells are similarly temperature sen-
sitive. Furthermore, the reaction is temperature sensitive when recipient membranes
are derived from sec or SEC cells, suggesting that the secl8 lesion is in the donor
membrane. Donor-recipient mutant membrane combinations of the other 9 sec genes
defective in transport from the ER are being examined to see which can be comple-
mented. Success in this will allow purification of functional SEC gene products.
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Protein Secretion in Bacillus and E. coli:
Similarities and Differences

J.0, Lampen, P.S.F. Mézes and M. Hussain
Waksman Institute of Microbiology
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 for 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 of

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.

1018522



Membrane Assembly and Bacterial Protein Export

We have studied the process by which proteins of the E. coli cell surface
are exported through the plasma membrane. Several shared elements in this
export process have been discovered: an amino-terminal leader sequence, a
requirement for the membrane electrical potential, receptor proteins, and
an endo-proteolytic processing by membrane bound leader peptidase. In order
to study these events at a chemical Tevel, we have cloned the gene for
leader peptidase, purified the leader peptidase itself, and isolated
chemically and radiochemically pure M13 procoat protein. Assembly events
have been reconstituted using these components in a liposomal reaction.
These studies, and those from other laboratories, have shown that protein
export in bacteria cells shares features ascribed to protein translocation

in endoplasmic reticulum and mitochondria in eukaryotic cells.
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EXPORT OF PROTEIN IN BACTERIA

Linda L. Randa11], Eva Murén] and Evert P. Bakker?

1Biochemistry/Biophysics Program, Washington State University, Pullman, WA 99164-4660
2Fachgebiet Mikrobiologie, Universitat Osnabrick, FRG

Translocation of protein across the cytoplasmic membrane during secretion into the
periplasmic space is independent of elongation of the polypeptide in E. coli. Thus
we cannot invoke the energy of protein synthesis as the driving force in passage

of the protein through the membrane. Since secretion in bacteria requires proton
motive force, the cell might utilize the electric component of proton motive force

to drive transfer. Data will be presented indicating that the energy requirement is
satisfied by the total proton motive force with no specificity for either the membrane
potential o the pd gradient. Mechanisms that exclusively utilize the electrical -

potential are not consistent with these observations. Alternatives must be
considered.
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RECOMBINANT DNA STUDIES IN CEPHALOSPORIUM ACREMONIUM. S. W. Queener, T. D.

Ingolia, P. L. Skatrud, J. L. Chapman, K. R. Kaster, Eli Lilly and Company,
Indianapolis, Indiana 46285

The fungus, Cephalosporium acremonium, is used in commercial production 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. Genetic
elements in pIT221 include sequences from pBR322, which allow replication
and selection in E. coli, an autonomous replication sequence (ARS) from C.
acremonium, which functions in yeast, [Current Genetics (1984)8:155-163] and
a hybrid ant1b10t1c resistance marker [Current Genetics (1984)8:353-358].

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 (ATCC 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. Expression was easily
detected by overlaying with hygromycin B to a final plate concentration of
160 mcg/ml which killed all cells not exposed to pIT221 DNA. When 2-3 x_

108 protoplasts in a 10 ml transformation mixture were exposed to 20 mcg of
pIT221 DNA, between 1 and 16 hygromycin-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 with
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 their high molecular weight (HMW) DNA. DNA of the
untransformed wild type did not contain any sequences that hybridized to
either probe. 1In vitro HPT assays were performed on ATCC 11550 and trans-
formants derived from ATCC 11550 (See Abstract #134, "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-T1 and Southern hybridization of the resulting DNA
fragments indicated multiple inserts of pIT221 DNA in the HMW DNA of the
fungal transformant. CPC-Tl 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.

Modifications of pIT221 designed to increase transformation frequency in

C. acremonium have been conducted {See Abstract #133, "Construction of
Plasmids Containing C. acremonium Ribosomal DNA", P.L. Skatrud et. al.).
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DEVELOPMENTALLY REGULATED EXPRESSION OF THE ASPERGILLUS NIDULANS

SPOC1 GENE CLUSTER. B.L., Miller, K.Y. Miller and W.E. Timberlake,
University of Calif., Davis, Calif. The SpoCl gene cluster is a 37 kb
region of the Aspergillus nidulans genome which codes for at least

19 developmentally regulated poly(A)+RNAs and is bordered by 1.1 kb
direct repeats. Transcripts from the central portion of the cluster

( with one exception ) appear late in conidiophore development and
accumulate specifically in asexual spores. However, those transcripts
encoded at the borders of the cluster are detected in both somatic cells
and spores. These results indicate that a chromatin level control
mechanism operating over the SpoCl domain may be one aspect of the
coordinated expression of genes within the cluster ( Gwynne, B. Miller,
K. Miller and Timberlake, J. molec. biol., in press ). We have begun

an investigation of the mechanisms regulating expression of the cluster
by taking advantage of DNA-mediated transformation of A. nidulane to

1) relocate strongly regulated genes from the cluster to other chromosomal
positions, 2) create disruptions in the cluster, 3) create mutations in
genes within the cluster via gene replacement and 4) introduce a
non-developmentally regulated gene ( arg B ) into the SpoCl region via
cluster disruption. Preliminary results indicate that chromosomal
position may be involved in the correct regulation of at least one of
the two genes from the cluster, although the differential accumulation
of this transcript in spores versus hyphae indicates that a position-
independent component of regulation is also involved. Disruption of the
SpoCl cluster by the insertion of 10.2 kb of DNA does not appear to

affect the correct regulation of those genes located on either side of
the insert.
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The Role of mRNA Structure in the
Regulation of Protein Synthesis:

Implications for Industrial Genetic Engineering

John N. Vournakis and Calvin P. H. Vary

Department of Biology, Syracuse University, Syracuse, New York

A method is described for the experimental determination of the secondary
structure of RNA using enzymatic and chemical cleavage data coupled with
computer analysis. The structure-specific enzymes S1 nuclease, T2 RNase and
cobra venom ribonuclease are used to locate nonpaired and base-paired
nucleotides. New information obtained with the intercalating agent
methidium-propyl EDTA-Fe (II), which binds to base-paired nucleotides and
cleaves RNA in the presence of DTT, is analysed by a computer-based
microdensitometric technique to provide great detail in identifying double
stranégd regions. Computer techniques that utilize the enzymatic susceptibility
information to generate a minimum {ree-energy structure are used to obtain
secondary structure models. A second method, using acrylamide-agarose gel
electrophoresis, is described for the determination of the relative protein
synthesis initiation rates of end-labeled eukaryotic mRNAs, These methods are
applied to a number of small prokaryotic RNAs and to the rabbit globin mRNAs as
an example of a general approach for relating RNA structure and function. A
discussion of the role of messenger RNA structure in the regulation of
translation is included with an emphasis on applications to production of

proteins by genetic engineering.
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