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INTRODUCTION 

This course was run in the Central Laboratory building of the 

Huazhong (Central China) Agricultural Universicy, Wuhan, PRC. 

This university has recently been designated as the premier 

agricultural university in China for research and teaching in 

certain designated areas of biology, one of them being 

microbiology. The Central Laboratory has been equipped with 

facilities and large items of equipment to make it suitable 

for research in genetic engineering by members of the various 

departments of the university. Currently, three groups also 

have their own research laboratories in this building. One 

of them is the Streptomyces groups, headed by Prof Zhou Qi. 

Its other staff members include Prof Liang Rongfan, Dr Deng 

Zixin and Ms Zhou Xuifen, together with several graduate 

students. Dr Deng received four years of doctoral and post­

doctoral training in genetic manipu~ation of Streptomyces at 

the John Innes Institute in Norwich_ and Ms Zhou one year. 

This group is the most advanced and best equipped for 

research in Streptcmyces molecular genetics in China. The 

practical course was run in the research laboratory of Prof 

Zhou's group (which could just acco~modate 18 students plus 

teaching staff), with lectures being held in a nearby seminar 

room in the Central Laboratory building. There was also a 

large, comfortable lobby area for social interactions, 
refreshments, etc. Together with excellent residential 

accommodation and catering facilities for visiting "foreign 

experts", and overseas and Chinese students, all located on 

an attractive campus, the venue was ideal for the course. We 

are greatly indebted to the President of the University, Prof 

Sun Jizhong, for making all relevan_t facilities available and 

for his strong support of the course in both material ano 

administrative dimensions. 
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PUBLICITY, AND SELECTION OF STUDENTS 

The course was announced by means of a leaf let and 

application form (Appendix A) which were sent to: the contact 

organisations designated by UNIDO in India, Thailand, 

Vietnam, Mauritius and Bhutan; the Permanent Mission of 

Afghanistan in Vienna; and to UNIDO itself for transmissio~ 

by them to the rermanent Missions for Pakistan, Indonesia and 

Iran in Vienna. For China, a corresponding leaflet and 

application form (Appendix B) were distributed to all 

potentially interested laboratories by the staff of Huazhong 

Agricultural University, in liaison with the China National 

Center for Biotechnology Development in Beijing. 

Eleven applications were received in Norwich from non-Chinese 

applicants, six from India, three from Thailand and two from 

Vietnam. This total is certainly not a true indication of 

potential demand for the course, since there is no doubt that 

information abo~t it did not reach all relevant centres in 

the UNIDO member countries. However, it was not difficult 

for the Norwich staff to select, from the 11 applicants, five 

well-qualified, students - the maximum number whose travel 

and subsistence costs could be supported from the UNIDO 

grant. 

Some 25 applications were received by Prof Zhou Qi from 

Chinese laboratories. This number certainly very 

significantly under-represents the total demand, since each 

institution was asked to make its own selection of its most 

worthy student or (for the larger institutions) two students. 

From the 25 applications, 13 were selected by the Chinese 

selection committed consisting of Prof Zhou Qi (Huazhong 

Agricultural University, Wuhan), Prof Xue Yugu (Institute of 

Microbiology, Beijing), ~rof Zheng Youxia (Institute of Plant 

Physiology, Shanghai) anc Dr Liu Yonghui (China National 

Center for Biotechnology Development). 
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The names and addresses of the 18 students are in Appendi~ c. 
Most of them were graduate students or young post-doctorals, 

with a few more senior people. 

THE COURSE 

The course ran from 2 p.m. on Sunday 9 April to 9 p.m. on 

Friday 21 April, with one and a half days of social 

activities on Saturday ar.d Sunday 15 and 16 April. On most 

days, experimental work and associated discussions occupied 

the periods 8.00 to 11.30 a.m. and 1.30 to 5.30 p.m., with 

lectu~es each day fr0m 7.30 - 9.30 p.m. On some days, short 

seminars by student participants ran from 1.30 - 2.30 p.m. 

anc on Saturday 15 April they filled the morning. 

On Saturday and Sunday 22 and 23 April a symposium on 

Streptomyces Genetics and Genetic Engineering. organised by 

the Microbial Genetics Section of the Chinese Society of 

Genetics, was attended by course participants and teachers as 

well as scientists from many Chinese laboratories engaged in 

research in this field. It ended with a round table 

discussion on "Challenges and promise of Streptomyces 

genetics in China". 

Experi•ents 

A list of experiments and protocols for them are in Appendix 

D. 

Details of practical techniques are described in the 

publication "Genetic Manipulation of Streptomyces: A 

Laboratory Manual", John In~es Foundation, 1985, a copf of 

which was supplied to each participant. The Chinese 

participants were also supplied with a copy of the recPnt 
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Chinese translation of the Manual {Hunan Scientific Press, 

1988). 

In general, the experiments were very well performed and gave 

good results, providing excellent material for acquiring 

practical skills and leading to good discussions of 

theo~etical concepts. It became absolutely clear that the 

course would not have been successful without the 

participation of all six of the John Innes Institute staff r 

with their complementary coverage of different aspects of a 

very wide ranging subject, as well as the staff of the 

Huazhong Agricultural University. In addition, we were 

fo~tunate to have the assistance in the laboratory of Prof 

Wang Yiguang, of the Institute of Medicinal Biotechnology, 

Chinese Academy of Medical Sciences, Beijing. Her knowledge 

of the subject, and her ability to explain points in Chinese 

where necessa~y, greatly aided the smooth running of the 

course. 

Lectures 

A list of the lecture topics is in Appendix E. 

Discussion of points of practical technique 

A total of two hours was devoted to discussions of points of 

practical techniques (led by Dr Tobias Kieser) including the 

following: avoidin~ contamina~ion - autoclaving, laboratory 

hygiene; use of microwave oven; achieving good sporulation; 

alternative regeneration media; plasmid isolation - effects 

of various chemicals on transformation efficiency; "star" 

activity of restriction enzymes; effect of PEG on ligation; 

use of PEG for DNA size fractionation; ethanol precipitation 

of DNA. 
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Seainars by participants 

A list of seminars is in Appendix F. 

Course evaluation 

An evaluation from (Appendix G) was filled in anonymously by 

each student. In general, the course was extremely well 

received. The overall assessment was as follows: 

Excellent 5 

Excellent/very good 1 

Very good 8 

Good 4 

Satisfactory 0 

Poor 0 

Very poor 0 

With o points for "excellent", 5 for "very gooc", .•. etc the 

average overall score was a very gratifying 5.1 out of a 

possible 6.0. 

In addition, a few useful suggestions were made for further 

improvements to such a course. 

FINANCIAL SUPPORT AND BUDGET 

The staff of Huazhong Agricultural University and the six 

members of the John Innes Institute spent many man-months of 

time preparing for the course and teaching it. This staff 

time - wh1~h was provided free of charge by the .two 

institutions - represents a very considerable f~nancial input 

to the course. This included not only the teaching staff, 

but also a large committment of support staff time in Wuhan. 

In addition, Huazhong Agricultural University paid for travel 

within China for fcur John Innes Ins~~tute staff and thd 
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entire costs of accommodation, subsistence and recreation ::~:­

all six John Innes Institute staff. 

UNIDO undertook to provide up to il9,000 for direct axpenses, 

broken down as follows: 

Travel of four teaching staff from UK (3,500 

Travel and/or subsistence for trainees 

from ICGEB member countries 

Minor equipment for host laboratory 

Expendable equipment 

Miscellaneous (printing/distribution 

of laboratory manuals and/or teaching 

aids for students) 

f s,ooo ~contingency} 

t 2 I 000 

f s, ooo 

500 

t19,000 

In addition, since it was abundantly clear that the course 

could not be run satisfactorily without al! six of the 

designated staff ~embers from John Innes Instit~te (this was 

strongly confirmed during the course itself), extra funds had 

to be sought for the international travel of the two 

remaining staff members. For this, a successful application 

was made tc the Royal Society of London for Professor Hopwood 

and Dr Bibb to travel to China under the Exchange Agreement 

which exists between the Royal so~iety and the China 

Association for Science and Technology (CAST): this therefore 

represents a significant input to the finances of the course 

fLom the Royal Society (/1572) for international travel and 

from CAST (for expenses within China). 

A statement of expP.nditure under the UNIDO grant is in 

Appendix H. 
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FUTURE PROSPECTS 

There is no doubt that the course will have an extremely 

beneficial effect on the development of Streptomyces genetic 

manipulation in China. Moreover, its likely benefits will 

extend well outside Streptomyces since, in many respects, 

this organism car1 act as a model, and a training ground, for 

work in other groups of microorganisms. (Sales of the 

Chinese edition of the Streptomyces Practical Manual already 

confirm this.} 

A particularly exciting development occurred during the final 

discussion at the Symposium on Molecular Genetics and Genetic 

Engineeering of Streptomyce~ on Sunday 23 April. This was 

the formulation and signing by all those present of a 

Declaration (Appendix I} with two paragraphs. One refers to 

the f~ee distribution of strains, plasmids and vectors 

between research scientists. The second is a proposal to set 

up an "open laboratory", if possible with international 

support, for work on Streptomyces molecular genetics and 

genetic engineering at the Huazhong Agricultural University 

in Wuhan. The concept of "open laboratories" is well 

established in China. They exist to allow scientists 

interested ir a specific field to have access to equipment 

and expertise that is r;ot yi::?t widely available. The 

unanimous support for these developments on the part of the 

participants at the Symposium was extremely gratifying. The 

John Innes team will now be actively supporting efforts to 

establish such a laboratory for Streptomyces work. The 

endeavour has the whole-hearted support of the President of 

Huazh0ng Agricultural University, Professor Sun Jizhong. 

D A HOPWOOD Norwich, 24 May 1989 



UNITED HATIOHS DOOSTRIAL DEVKLOPf"EHT ORGAHIZATIOM 

•GENETIC MANI.~TICN OF STREP'l"UHiCES,. 

AN ICGEB LABORATORV COURSE TO BE HELD AT 

HUAZHONG AGRICULTURAL UNIVERSITY, WUHAN, PEOPLE'S REPUBLIC OF CHINA 

9-24 APRIL 1989 

INSTRUCTORS WILL DICLODE: M.J. Bibb, C.J. Bruton, K.F. Chater, Deng Zixin, 

~.A. Hopwood, H.M. !<ieser, T. Kieser, ~hou Qi, Zhou Xiufen 

COURSE CONTEN"l'S: The course will be aimed primarily at research workers at late 

post-graduate and post-doctoral level who wish to work on Streptomyces genetics 

and cloning, either to study problems intrinsic to Streptomyces such as 

differenti.1tion, antibiotic synthesis or resistance, transposition, amplified 

::i~i;,., etc. or to use st.r~r_:itomycetes as hosts for the production of foreign and 

a~plified gene r.:iroduc~s. 

The working language of the course will be English. 

we expect to devote about 60% of the ti.me to practical work, and the remainder 

to lectures, seminars and discussion of the experimental results. Experiments 

will be carried out in some or all of thP. following areas: (1) genetic mapping 

by plasmid-meniated conjugation and by protoplast fusion; (2) isolation, 

physical characterisation and transformation of Streptomyces plasmids; (3) 

isola~ion of new Streptomyces phages from soil, physical characterisation and 

transfection; (4) cloning at a selection of Streptomyces genes (antibiotic 

resistances, melanin produ~tion, catabolic functions, antibiotic biosynthesis) 

on plasmid and phage vectors; (5) use of promoter probes to study gene 

expression in Strepto~yces and between Streptomyces and E. coli; there may also 

he the pos5ibility for participants to do some experiments with their own 

organism, phage or plasmid. 

ACCOMMODATION AND MEALS: Accommodation (single room with bath ~nd toilet) and 

meals will he on th~ campus of H~azhong Agricultural University. The cost of 

accommodation and meills for the d•iration of the course for applicants outside 

the PP.ople's Republic of China will he covered by the organizers. 



TRAVEL: The costs of travel to and frOfil Wuhan will be the responsibility of 

each participant. However, it may be possible to provide a travel gcant ~0 

contribute towards these costs for applicants who would otherwise have 

difficulty in covering them. See application fora. 

APPLICATIORS: The number of places on the course will be limited to 18. 

Applications from UNIDO IHllber naticns other than the People's Republic of 

China au.st be made on the attached form, which sbou1d be sent as soon as 

possible to Professor D A ll<>pllOOd, John Innes Institute, Co1ney Lane, llonrich 

HR4 7UB, England. Applications from those resident in the People's Republic of 

China should be sent to Professor Zhou Qi, Department of Agricultural Chemistry 

and Soil Science, Huazhong Agricultural University, Wuhan, Hubei, China. The 

fina1 deadline for receipt of applications will be 1 January 1989. Applica:.::s 

will be notified about acceptance as soon as possible after that. date. 

TIMETABLE: Students will be expected to arrive by the evening of Saturday 8 

April, 1989. On Sunday 9 April there will be introductory lectures and out­

lines of the experimental work, which will begin on 10 April and continue until 

24 ApriJ. On most evenings there will be discussions and short seminars by 

students on the course on topics of direct or indirect relevance to 

Streptomyces genetics and molecular biology. Over the weekend of 22-2~ April 

it is expected that there will be a symposium on modern developments in 

Streptomyces genetics attended by course participants and others. It is hop~d 

that all students will stay until Monday 24 April. 
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9-24 AFRIL 1989 
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Age on 1/4/89: 

sex: 

Nationality: 

Details of university education (subjects studied, etc.) and/or research 
experience: 

Current position: 



Pub!ications: (or attach a separate list} 

current and future research interests: 

Why do you wish to attend this course? 

If you are ~ graduate student, please attach a letter of support from your 
supervisor 

If you need tr· apply for a grant towards the cost of travel, please justify 
your claim ar.c give details of costs on a separate sheet. 

Signature: 

send completed fo :~. · by 1 January 1989 to: 

Professor D A Hopwood 
John Innes Institute 
Colney Lane 
Norw.ich NR4 7UH 
England 
Phone No. (0603) 52571 
Fax No. ( 0603) 56844 
Telex No. 975122 (JIINOR) G 

Date: 
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D.A. Hopwood, H.M. Kieser, T. Kieser, Zhou Qi, lhou Xiufen 

CXURSE ~= The course will be aimed primarily at research workers at late 

post-graduate and post-doctoral level who wish to work on Streptanyces genetics 

and cloning, eithec to study problems intrinsic to Streptanyces such as 

differentiation, antibiotic synthesis or resistance, transposition, crr9i.iffod 

DNA, etc. or to use streptanycetes as hosts for the production of foreign and 

amplified gene products. 

Th~ ·.vorking language of the course '.vill be English. 

lie expect to devote about 60% of th<:? time to pr-actical work, and the remainder 

to lectures, seminars and discussion of the experimental rAsults. Experiments 

will be carried out in sane or all of L~e following areas: (1) genetic mapping 

by plasmid-mediated conjugation and by protoplast fusion; (2) isolation, 

physical characterisation and transformation of Streptomyces plasmids; (3) 

isolation of new Streptornyces phages fran soil, physical characterisation and 

transfection; (4) cloning of a selection of Streptanyces genes (antibiotic 

resistances, melanin production, catabolic functions, antibiotic biosynthesis) 

on plasmid and phage vectors; (5) use of pranoter probes to study gene 

expression in Streptanyces and between Streptomyces and E. coli; there may also 

be the possibility for participants to do sane experiments with their own 

organism, phage or plasmid. 

~TIOO, MFJ\I.S AND 'ffiAVEL: Accomnodation and meals will be on the campus 

of Huazhong Aqricultural University. The cost of accOTlJOC>dation and meals, as 

well as travel expenses, for students from the People's Rct->ublic of China ar.c~ 

the responsibility of individual students. 
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List of Experiments 

l(a) Recanbination analysis in Streptanyces coelicolor by mating 
(b) Reccmbination analysis in Streptnmyces coelicolor by protoplast fusion 

2 Pocks caused by plasmid in Stre~tanyces li vidans 
~·~-=-~~~~~-

3(a} Isolation of phages from soil 
(b) Analysis of phage r:NA 

4 Lysogeny 

5. Mutational cloning wit., a ¢c31 vector 

6. Cloning in Streptanyces on plasmid vectors 

7. "Strong incanpatibility" between derivatives of the Streotcr1ces 
plasmid pIJlOl 

8. Plasmid isolation by alkaline lysis and gel electr".)9horesis of 
linear and circular INA 

* * * * * * * 

Responsibility for: 

Experiments 1 and 2: David Hop.«>Od and Helen Kieser 

II 3,4 and 5: Keith Chater a~d Celia Bruton 

" 6: Mervyn Bibb and Tobias Kieser 

" 7 and 8: ceng Zixin 



Pages of the 
manucal for 
metOOdology 

pp.3-6, 

p.45 

EXPERIMENI' Ll\ 

Recanbination ~.nalysis in Streptanyces coe!.icolor b-j ~..:.~:;-.; 

The strains form canplementary pairs differing in 6 markers. 

* In crosses (b) and (c) one pa!.-ent contains the S::P2 plasmid 

whereas in cross (a) ooth parents lack any known autonaoous 

sex plasmid. Thus we shruld be able to deroonstrate the 

enhancement of recanbination prao::>ted by a sex plasmid. :'he 

results will also be canpared with those of a protoplast . , 
fusion between the cwo plasmid-free strains {Experiment lB). 

The crosses are: (a) Ml30 (hisAl uraAl. strAl) X Ml24 (proAl 

~ cvsD18) 

* (b) MllO (hisAl ural\l strAl SCP2 ) X Ml24 ------
* (c) Mi30 X M107 (praAl ~ cysD18 SCP2 ) • 

Jl:iy -4 Make the crosses on slants of R2~'E (containing 

added arginine, -ystine, histidine and uracil; 

praline is of course already present in R2YE). 

('Ibis will be done by the instructors and the 

crosses will be provided to ya.i on Day 1.) 

nay I Harvest the spores fran the crosses (each group 

should do cross (a) and either cross (b) or cross 

(c)) and plate at suitable dilutions on MM 

containing arginine, cystine, praline, uracil and 

streptomycin (a selective medium recovering 



pp.46-49 

pp.50-51 

pp.58-59 

recati:>inants inheriting his+ and str) e.g. at l!JO 

-1 0 -1 -2 and 10 for cross (a) and 10 , 10 ar.C lC ~~~ 

cross (b) or cross (c). Also plate both crosses on 

~ + histidine, uracil and streptanycin and on ~ + 

arginine, cystine and proline (to recover the 

parental genotypes) at (say) 10-4 and 10-5• (NB: we 

regard the original suspension as 10°, so the first 

-1 tenfold dilution is •10 •, etc). 

Day 5 count the colonies on at least one plate cf each 

meditm. Calculate the "r.?canbination frequency" for 

ccmparison wit.h the results of t.~e protop!ast fusion 

(Experiment lB). Make a master plate of 50 colonies 

fran the medium that selected recanbinants, fran 

cross (b) or cross (c). 

Day 9 Replicate the master plate to the set of 5 

diagnostic media. 

o:iy 11 Cla5sify the genotypes of the recanbinants. Pool 

the results with those of other groups. Analyse the 

patterns of crossi~· '0Ver in the various map 

intervals and canpare with the corresI:X'f'lding data 

f ran the protoplast fusion of Ml30 x M124 

(Experiment lB) • 



Pages of the 

manual for 

rnetrodolcxo 

pp.12-14 

pp.64-67 

EXPERlM.ENT lB 

Rea::rn!.>ination analysis in Streotanvces coelicolo~ ~· 

protoplast fuslon 

For this experiment we are usin:;J the same ~air of plasmid-

free strains as we used in the •control" cross in Experiment 

lA. lht::? results of the fusion will be canpared with those 

of the matings. 

Day O Inoculate a flask containio:J 25 ml of YEME 

(containing 34% sucrose, 5 rrM MgC12 and 0.5% 

glycine) with strain Ml30 and another with strain 

Ml24. Incubate on the shaker at 30-35°. 

Day 2 Prepare protoplasts fran the 2 strains. Fuse them 

and plate out on R2YE plates (containing added 

arginine, cystine, histidine and uracil: proline is 

of course already present in R2YE) at (say) 10°, 

10-l and 10-2 dilutions. 

Day 8 Harvest spores fran a plate with good confluent 

growth and plate out, at (say) 10-3, 10-4 and 10-5 

on the plate selecting recanbinants and at 10-5 and 

10-G on the two "parental" rredia (see Day 1 of 

Experiment 1A) • 

Day 11 cou~t the colonies on at least one plate of each 

medium. Calculate the "recanbination frequency". 

Canpare it with those obtained in the crosses 

(Experiment lA). 



pp.46-49 

pp.58-59 

nay s Usi.DJ the plates of colarles alJ:eady prepared am 

prori.ded to yai, maJ..e a master plate of 50 ccl~ies 

fran the nedium that selected recanbinants (MM + 

arginine, cystine, proline, uracil and 

streptanyci n) • 

Illy 9 Replicate the master plate to the set of 5 

diagnostic media. 

Diy 11 Classify the genotypes of the recanbinants. Pool 

the results with those of other groups. Analyse the 

patterns of crossi~-over in the various map 

intervals and canpare with the corresponding data 

frcm the mating (Experiment lA). 



EXPERIMENT 2 

Pocks Caused by Plasmids in Streptanyces lividans· 

In this experiment we shall examine the ability of various Streptanyces 

plasmids to give rise to pocks when spores of a plasmid-carrying strain are 

plated in a "lawn" of a plasmid-free strain. This pock-fonnation is called the 

Ltz+ phenotype. We shall be using plasmids carrying a selectable marker (tsr 

for thiostrepton resistance), and the plasmid-carrying strain has a chrOll)Saral 

mutation (str, for streptcmycin resistance). We shall therefore be able to 

follow the transfer of the plasmid, and of the chrOll)Sane of the donor strain, 

within the mycelium of the recipient strain by replica ~lating the pocks to 

a selective medium containing thiostrepton (to follow the plaSillid) or strepto­

mycin (to follCM the donor chromosane). 

The donor strains are as follows: 

TK24 

TK24/pIJ303 

TK24/pIJ643 

TK24/pIJ702 

TK24/pIJ922 

(plasmid-free control, with chrarosanal marker str-6} 

(pIJlOl derivative, + Ltz , tsr) 

(pIJlOl derivative, +/-Ltz , tsr) 

(pIJlOl derivative, Ltz , tsr:, mel) 

(SCP2* derivative, Ltz+, tsr) 

The recipient strain is TK21 (plasmid-free, with no chrarosanal markers). 

Day 1 Take 6 plates of R2YE and place a drop of a dense spore 

suspension of TK21 on each. To 5 of the plates, add a drop 

of a suitable dilution of a suspension of one of the 5 conor 

strains. Keep the sixth plate as the "recipient only" 

control. Using a separate spreader, spread the !:pore 

suspension evenly over each plate. (It may bE: use!ul to use 



rays 3,4,5 

lBy 8 

r::ey 10 

2 plates of R2YE for each donor strain and to plate it at 

two different dilutions to make sure that suitable ~tM.:bers 

of pocks are obtained.) Also spread the same quantity L"lf 

spores of each donor strain on plate of R2YE without adding 

sp:::>res of the recipient, using the sane dilutions of the 

donor sp:::>res as were used to detect pocks. These "donor 

only" plates will reveal the nlltlber of viable spores 

( color.y-forming uni ts) in each spore suspension for 

canparison with the number of pocks on the recipient lawns. 

Examine the recipient lawns at intervals. Lo.Jk for the 

presence anc1. appearance of pocks. C~nt the p:::>cks. Count 

colonies on the "donor only" plates and canpare the colony 

counts with the numbers of pocks on the recipient lawns. 

Return th:? lawn plates to the incubator so that the pocks 

will develop further. 

Replicate the lawn plates to MM containing streptanycin and 

to MM containing thiostrepton. 

Examine the replica plates and canpare the distribution of 

thiostrepton-contair.ing growth (which m:>nitors the presence 

of the plasmid) and streptanycin-containing growth (which 

monitors the presence of the chrCJIDSane of the donor 

strain). 



~3 

(a} Isolation of phages f::an soil; (b) analysis of phage INA 

'lbe aims of this section are (a) to isolate phages fran soil sa.itples provided 

by participants, according to the protocols on pages 15-22, using as hosts~ 

lividans (or strains provid~J, as d€nsely sporulating plates o~ spore 

suspensions, l:J'j participants); and (b) to prq>agate examples of the phages 

obtained and ext:::::-act INA (see pages 99-102) , and carry o.Jt ci. prelLilinary 

restriction analysis (pages 131-145). 

t.ay 1 p.m. Experiment 3(a). ~.t up overnight enrichnent cultures containing 

soil samples {see p.22 procedure II, steps 1 and 2). 

nay 2 c:.m. Experi.ment 3(a). Extract soil sample with Q.'ffi (see p.21, 

Day 3 

Day 4 

Day 8 

Day 9 

prccedure I, steps 1-4) and process the ovemi~ht enrichment 

cultures U? to step 4 (p.22). 

p.m. Experiment 3(a). Canplete steps 5 and 6 (p.22} for both 

procedures, usin~,·as appropriate, S. lividans or the strain 

provided by the participa~t in the top layers. 

a.m. Experiment 3 (a) • Restreak fran pranising plaques (see p.18). 

a.m. Expedment 3 (a) • Soak out single plaques. 

p.m. E.xperiment 3( b). Set up 3 large Petri plates for each phage (see 

p.100, step 1 ~. 

a.m. to p.m. Experiment 3(b), p. 100, steps 2-9b. 

Day 10 a.m. ExperimenL 3(b). Canplete DNA isolation. See p.101, steps 

10b-14b. 

Day 11 a.rn. Experiment 3(b). Digest 5 ul aliquots of the rNAs with EcoRl, 

BamHI, SalI, SstII, each in a total volume of 20 ul (see p.131-

132). 

p.rn. Run samples on gel. Stain and ~hotCXJraph gel. 



Lys<XJeny 

The aL-ns of this section are to isolate ¢C31 lys<XJens (pages 23 - 25) of a 

strain which su~rts ¢C31 plaque formation (S. lividans), using procedure A, 

page 24, and of a strain which does not (S. coelicolor), using procedure B, 

page 25. 

ilay 4 a.m. 

Day 5 a.m. 

i.lay 8 p.m. 

Day 11 a.m. 

Spread 1 R2YE plate with 0.05 ml dense spore suspension of §.:_ 

lividans 66 and 1 R2YE plate with 0.05 ml S. coelicolor A3(2) 
. ' 

spore susr,ension, allow plates to day. Using a steri:e pipet~e 

tip, spot 20 ul ¢c31 (w.t.) on to centre of S. lividans plate, 

allow to d!:"y (seep. 23-24 P-~ocedure A. Steps 1-3), Spot 20 ul 

iC31 KC301 (c+att+::tsr) on to centre of s. coelicolor olate a~d . --- -- -

allcw to d:::y. Assay ooth phages on ooth hosts (see p. 15). 

Check titres of phages assayed. 

s. lividans plate, harvest spores within spot, wash in 

pyrophosphate, filter, harvest and plate out apprq>riate 

dilutions on R2YE plates (see p.24, Procedure A, Steps 4-10). s. 

coelicolor plate, replicate to MM plate containing thiostrepton 

(see p.25, Procedure B, Step 4). 

s. lividans: replicate for phage release (see p.24, procedure A, 

OR step 11). s. coelicolor: check thiostrepton 

p.rr. h . R 1 . plate for t io co on1es. 

Day 12 a.rn. s. lividans: identify lysogens as colonies which have released 

phages. 



~5 

Mutational cloni~ with a ¢c31 vector 

One of several ways of using $19:31 as a vector exploits the (sanetirnes 

mutagenic) integration of the phage into the host genane by harolcgous 

recanbination involving a cloned segment (see p.169-171). We shall car.:y out 

mutational cloning with a segment of Il~A fran the glycerol operon (gyl) of 

Streotanvces coelicolor. The segment of 9Y!. INA will be provided and inserted 

into the ~II site of the att~eleted vector ¢c31 KC515 (p.319). The 

resulting chimaeric nolecules will be recognised by their ability to transduce .. 
s. coelicolor to thiostrepton resistance. The necessar/ lyscgens are made by 

reccmbination betNeen the cloned ~a-IA and the recipient's chrarosane. If 

the cloned gvl D~A is enti~ely intel:'."T1al to a transcription unit, the resistant 

t::-ansductants should have a Gyl phenotTi?€. 

If the recipient is a ¢c31 lysogen, thiostrepton resistance can arise by 

integ~ation of the vector with or without inse~ts into the resident prophage. 

In this case the gy!_ operon of the recipient will not.be inactivated. 

~iaterials 

Those required for preparation ar.d t.ransfection of S. lividans protoplasts (see 

p.12-13 and p.115-116), ligation of DNA (see p.156) and agarose gel electro­

phoresis of DNA (see p.143). 

In addition: 

Strains 

Jl507' s. coelicolor hisAl uraAl strAl Pgl- NF (Dag-) spore suspension 

J1507/¢C31 lysogen spore suspension 



[NA 

Vector: ¢c31 KCSlS DNA (predigested with ~II) 

!):)nor: isolated BglII fragment of llyl tNA 

T:-ansfection control: Jl)::31 ~l DNA (10 ug/mll 

Media 

R2YE plates containing hi~~idine and uracil 

MM plates (containing (NH~) 2 so4 - see p.233 Note) containing histidine and 

uracil and thiostrepton (50 ug/ml) with, as carbon source, glucose or glycerol 

(at 0.5%). (2 with each carbon source.) 

Other mate:?::"ials 

3 M sodiLLm acetate; glass sp~eaders; re9licating velvets and replicating block 
, ' 

Procedure a~d timetable 

Day 3 14.00 Mix vector D:P.. (30 ul cont.3inir.g 1 ug CNA) and gyl OOA (30 ul 

containing 100 ng c~.l. acd 8 ' U.!. 3 M sodium acetate and 

precipi t.=.te L:NA by .::cding 200 ul absolute eth:.nol. St.=.nd at "no -.,!'-

for c. 1 h. SQin in Eppencorf centrifuge, 10 min, remove all t.~e 

ethanol, and redissolve in 10 ul Xl ligase buffer containing ATP 

(p.156). Remove 2 ul to store at -20°, add 1 ul D.'l~ ligase to 

remainder and incubate ove::::-night at 12°. 

Day 4 09.00 Prepare S. lividans 66 p:cotoplasts (see p.12-13 Steps 5-10~. 

14.00 ~ansfect the pr2pared protoplasts using Procedure II (see 

p.115-117, 1-7), with (a) the ligated DNA (plate out 2 x 0.1 ml 

0 -1 -2 -3 of each dilution at 10 , 10 , 10 , 10 ); (b) the sample of 

0 unligated D.~A stored at -20 (plate out 1 x 0.1 ml of each 

0 -1 dilution at 10 , 10 ) ; (c) 5 ul of ¢c31 cl CNA (plate out 0.1 ml 

0 -1 -2 -3 -'1 
of each dilution at 10 , 10 , 10 , 10 , 10 · using small Pet::::-i 

plates). 



Day 5 a.m. Check plaques. Sprea0 2 R2YE plates containing histidine and 

or uracil with 0.05 ml Jl507 spore suspension, and 2 with a mixt~:?::e 

9 .m. of Jl507 and Jl507 ~31 lyscx;en (0.05 ml of each). D!:;.r t..~e 

plates. Replicate transfection plates containing c. 100 plaqt~es 

on to the spread plates. Incubate 30° fo~ 4 days. 

Day 9 (o~ later depending on spo!:"ulation) 

a.m. Replicate the Jl507 and Jl507 + Jl507/¢c31 plates to MM plates 

0~ containing histidine, uracil and thiost~epton and glucose or 

p.m. glycerol. 

!Bys llr 12 Check the thiostrepton plates for resistant colonies 

co~espcnding to t~e c~iginal plaques. 



Introduction 

The purpose of this experL-nent is to dertonstrate the methodology employed in 

cloning genes fran chratX)sanal rNA into Streptanyces using a plasmid vector. 

Attempts ·.Till be made to isolate genes involved in histidine and uracil 

biosynthesis fran Streptanyces coelicolor A3{2) and to isolate a streptanycin­

resistance gene fran Streptanyces glaucescens. A purified INA fragment 

containing the erythranycin resistance gene of Saccharop:?lysp:)ra e;ythrea 

{formerly Streptanyces erythraeus) will be added to the cleaved samples of 

chranosanal Di.'lA to serve as an internal standard for the efficiency of the 

cloning procedure. The recipient strains will be either S. coelicolor Jl501 

(hisAl ura'\l strAl p:Jl ~iF SCP2-) or Streptanyces lividans 1326. 

The chranosanal CNA samples will be cleaved partially with MboI and subjected 

to size fractionation or sucrose gradients and fragments in the size range 

8-20 kb used for ligation. 

The vector provided is pIJ4083 which is a xylE pr(J'OC)ter-probe plasmid. 

Fragments will be cloned into the unique BarnHI site located in a p:)lylinker 

that precedes the coding sequencP. of the pr(J'OC)ter-less xylE gene. This gene 

encodes a catechol-2,3-dioxygenase that converts catechol to the yellow 

canp:)und 2-hydroxymuconic semialdehyde. Insertion of a pr<:YTnter-active 

fragm~nt in the appropriate orientation at the BamHI site will yield yellow 

colonies when sprayed with catecrol. 



Because of the slow growth and developnent of streptanycetes, and to ensure 

that you carry out all aspects of the procedure, the experiment is divided into 

t•..r.> parts. Experiment OA starts witr the transfonnation of Streotanyces 

protoplasts with ligated D.~ samples. Both the ligation mixtures and the 

protoplasts will have been prepared in advance of tJ1e course. The ai.-n of this 

experiment is to find specific clones and to asses the quality of the ~ene 

banks. Experiment 00 carrnences with the isolation of total OOA and continues 

with its partial digestion with MboI and size-fractionation. Its major purpose 

is to derocmstrate these techniques. If time permits you will also analyse 

transformants obtained Eran this experL~ent. 

Please note: If in ex;;;eri.rnent 6A you transform S. coelicolor JlSOl wit!"t the 

li~aticn mix containing S. coelicolor CN..~, please ensure that in ex;:-:riment 6a 

you transform s. lividans 1326 with D.~ derived fran S. glaucescens (and 

vice-versa). 



Cloning of Chranosanal C~nes into Plasmid Vectors - Transfo?:':':E.tion and Anaiysis 

of Clones 

IB.y 1 

(Monday) 

1. Transformation of S. coelicolor Jl501 (his;.l, uraAl, strAl, 

p:Jl NF SCP2-) or s. lividans 1326 protoplasts with already 

prepared ligation mixes (Manual p. 110). 

a. Thaw protoplasts, transfer 1 ml to tw:> Ster:lin tubes 

(labelled 1 and 2), fill tubes with P buffer (Incike sure that 

it is ~anplete with TES, CaC12 and K
2

HP0
4 

as described in the 

Manual p. 245). 

b. Spin 5 min at setting 3. 

c. while samples are spin~ing label t~e 7 R2Y~~u plates wit~ 

Graul:) identificaticn, type of D~, c.:munt ;:i.3ted and "T" (for 

thiostrepton a.. ~ 1.1-""-Y) ·.'Iner::: a;1pl icable. 

d. r:Ecant suQernatant f=:-an b. and resuspend i-J"t"Ct?plast pellet in 

the c. 1 !'JO pl b;2: fer left in the tube. 

e. Md :JOO µ.'. T buffer {containing 25% PEG; Ma...1ua~ p. 246) to _, 

r.ube No. 1, rr.ix by 9ipetting and spread 100 yl aliquots onto 

t·...o R2YEhu plate!:> ("No CNA control") • 

f. ~·or tube No. 2 mix in 20 pl of "ligation mix" (DNA so:.ution) 

rind then add 500 pl T buffer. Mix by pipetting and spread 

aliquots (see diagr&~) onto five R2YEhu plates (add 80J11 p 

buffer to the plate which gets only 20 y1 of protoplast 

susprms ion) • 



ll3.y 2 

(Tuesday) 

ll3.y 5 

(Friday) 

ll3.y 8 

(Monday) 

Frozen 
protoplasts 

/~ 
u-DNA lJ+DNA 

I 

' 
I 

' @ 
8 

g. It is n~ccmnended to incubate the plates labelled "T", which 

will l:::e overlayed with thiostrepton, separately fran the 

others. 

2. · Overlay all of the regeneration plates except one of the "No 

DNA control" plates. For each overlay use 1 ml of a 

suspension of 300 ,ug/ml thiostrepton in water (add 60 ul 
) 

stock solution (50 m;;i/ml in CM.SO) to 10 ml water and shaKe 

before use) • 

3. Count colonies. 

4. Spray one regeneration plate with a 0.5M aqueous solution of 

catechol (IN FUME CUPBOARD). Score yellow colonies. 

5. Replicate sporulated regeneration plates to selective media 

and a non-selective control in the following order: 



03.y 10 

(vainesday) 

S. coeli~-olor Jl501 s. lividans 1326 

MM his thio MM str thio 

MM ura thio MM ery thio 

MM his ura thio ery MM thio 

MM his ura thio 

6. Score replica plates. Spray non-selective replicas with a 

O. SM aqueous solution of catechol. Score yellow colonies. 



Cloning of Chrau:>sanal Genes ir.to Plasmid Vectors - Preparation, size 

fractionation and ligation of chranosanal rNA into pIJ4083 

nay 1 

(~day) 

1. Prepare sucrose gradients (Manual p. 152) 

2. Isolate total Il.u\ (S. coelicolor Ml45 or S. glaucescens) fran 

the frozen mycelium prcvided. 'llle following is an adaptation 

of pr~edure 3 (Manual p. 77) for use with 1.5 ml Eppendorf 

tubes. Use 4 tubes of mycelium. 

a. To each of the 4 tubes containing 200 pl of cell suspension 

add 100 )Jl lysozyme solution ( 20 m;;J/ml) containing Ri'Jase ( 50 

pg/ml). 

b. Incubate 20 min at 37°C. 

c. Add 400 pl 2x Kirby mixture (Manual p. 77) and vortex for 1 

min (make sure that the vortexing is effective). 

2x ~irby mixture 

2 g Tris-isopropylnaphthalene sulpr1onate 

12 g Sodium-4-amino-salLcylate 

5 ml 2M Tris-HCl, pH 8 

6 g phenol (Analar) 

6 rrg 8-hydroxyquinoline 

90 ml water 

d. Add 200 }11 phenol/chloroform and vortex for 15 sec (start 

timing when milky) • 

e. Spin for 3 min. 

f. Rem::>ve upper phase to new tube. 



g. Repeat steps d - f with 50 pl phenol/chloroform until there 

is only a very small interphase left (usually tv.io or three 

times). 

h. Md O .1 volune 3M sodium acetate and 1 volume isopropanol; 

mix thoroughly by inversion; leave at roan tenperature for 

at least 2 min. 

i. S!_A)Ol D.\lA onto sealed Pasteur pipette. If several tubes with 

the same mycelium are prepared at the same time, all the rnA 

can be spcx:>led onto a single pipette. 

j. Wash spooled DNA in 3 x 1 ml aliquots of 70% ethanol. Leave 

the D.\lA for at least 2 min in each wash. 

k. Dry D.'li\ in air for about 1 min. 

1. Re-dissolve in 50 
1
u: T2 (more if the Ct'IA CO"r.es fr::m rrore t:-ian 

one tube). Agitate the tubes gently (do not vortex) f=~m 

time to time to help the LNA to dissolve. (Test whethe?:' all 

the [NA has been removed fran the ?asteur pipette bv dipping 

the pipette into 100% ethanol - any remaining ENA is rapidly 

dehydrated and appears white.) 

3. Run gel to determine approximate concentrations of D.\lA 

samples (use 1 x, 5 x and 25 x dilutions). Each gel must 

contain standards of known concentration. 

4, Digest total DNA partially with MboI. Label Eppendorf tubes 

1 - 5. Consult the following figure for the next steps. 

a. Dilute c. 300 yg total DNA in tube No. 5 to a total volume of 

600 pl with MboI .i. x buffer. 

b. Add 5 u MboI to tube No. 1. 

c. Transfer 200 fl of CNA solution from tube ~. 5 to tube No. 



1. Mix by drawing up and dOW'l a cut pipette tip. 

d. Transfer 100 pl OOA solution 

3 and 4. 

. tube No. 5 to tubes N::l. 2, 

e. Transfer 100 pl DNA + MboI fran tube No. 1 to tube No. 2, 

mix. 

f. Transfer 100 µl fran tube It>. 2 to tube No. 3. 

g.h. Proceed in the same way to tube 5. (Tube No. 5 will end up 

with 200 pl solution.) Incubate samples for 1 hat 37°c, add 

2 u CL:\P to each tube and incubate for another 15-30 min. 

0 
. 0 

Heat sa.~ples for 1 min at 70 C; store the samples on ice 

until step 7. 

1 2 3 

\ \ 

(:::) Ade 60,i;I 1 Ox Mboi bufi~r 

x f'' DNA solution end 

540 - x ,ul water to tube 5 

4 5 

I (c) Transfer 200f11 from lube 5 lo tube 



D:iy 3 

(Wednesday) 

5. Digest 1. 2 ~ pIJ4083 with 2 LD1its of BamHI in a total volume 

0 of 50 Jil for 1 h at 37 C. 

6. Run aliquots of the total INA digests ( 5 Jll fran tu!.~::; i. r:o 

5) and 10 pl of the digested vector on an agarose gel. 

Raueraber to include non-digested vector, total CNA and size 

standards as controls. 

7. Pool appropriate samples; add 0.5 volume phenol/chloroform 

and vortex for 15 sec; spin for 3 min. 

a. Remove upper phase to new tube; add 0.1 volume 3 M sodiun 

acetate and 1 volume isopropanol; mix thoroughly by 

inversion; leave at rcx:m temperature for at least 2 .-crin. 

9. Spin 3 min; discard supernatant and redissolve pell;t in 100 

l 'T'~· --,u _;:. ::)Utrer. 

10. Load sar:i;ile en to sucr'Jse gradient and r..!n over.1i.ghL 

11. Pre~are ~rot~plasts of either S. coelicolor Jl501 or s. 

lividans 1326 fran frQzen mycelium (Manual p. 12) to;JeL~er 

with Experiment 1B and freeze for transfonnation en Day ~ 

(Thursday). 

12. Harvest sucrose gradient by collecting 250 pl fractions. 

13. Run 10 Jll aliquots Eran each sucrose gr~dient fraction on a 

gel ( re1pmber standards) • 

14. Pool appropriate fractions Eran sucrose gradient and 

concentrate (Manual p. 153; step 8). (Sucrose solutions need 

to be diluted tv.o-fold with TE buffer before the CNA can be 

precipitated. Add tRNA to a final concentration of 20yg/ml.) 

15. Set up ligation (Manual p. 154; make sure to add 0.5 mM 

ATP), Aim for a fina~ CNA concentration of c. 10 .F'J/illl ( l yg 



------- -------------------------------------

D:ly 4 

(Thursday) 

D:ly 5 

(Thur .,day) 

vector, 5 pg target I:NA. and 10 ng of "ennE fragment" in a 

total volt.me of 600 jll). ( Rem:>ve 60 )ll of the mixture before 

adding tI1e ligase to run oo a gel later in parallel wit..'1 the 

ligated sample (step 17). 

16. Precipitate ligation mix and non-ligated control; add tRi.~ to 

a final concentration of 20jl(]/ml as carrier. Redissolve 

pellets in 10 pl TE (control) and 20 pl TE (ligation). 

17. Check ligation on gel (run all of control sample c.11d 2 pl of 

ligation). 

18. Transform protoplasts of either S. coelicolor JlSOl or s. 

lividans 1326 (Manual p. 110). In addition to the liga~ion 

mix, use 20 yl TE as a "No I:NA CC';ntrol" and 10 ng pIJ4803 as 

n control for transformation frequency. Plate out a~ 

No D~lA Vec:=)r Ligated DNA 

g (T---..._\ @@ \ 25fJI) 
~ 

G9 ~ (~jJI @@ 
T - Overlaid with thiostrepton 

~)est - spin down remainin9 protoplosts 

and plate out in c. 1 OOJ-11 

19. OJerlay transfor.TMtion plates with thiostrepton (S<:?e Exp. 7.r:.. 

step 2). 



I.By 8 20. Count CQlonies. 

(Mondav) 

Oiy 10 21. Replicate sporulated regeneration plates to selective media 

(Wednesday) and to non-selective control plates in the followin~ order: 

s. coelicolcr JlSOl s. lividans 1326 

MM his thio MM str thio 

M~1 ura thio MM ery t.hio 

~~ his ura thio ery MM thio 

~r-1 his u--· ~- thio 

Day 12 22. 3core re~lica plates :~:::rn step 19. 

(F!'.'iday) 



EXPmWHfr 7 

"Strong Incanpatibility" Between Derivatives of the 

Streptcxnyces Plasmid pIJlOl 

The aim of this experiment is to derronstrate a phenarenon called "strorYJ 

incanpatibility" bet~n derivatives of pIJlOl, a Streptcxnyces multi-copy 

plasmid. The OOA sequence which causes this "strong incanpatibility" is naned 

sti You will be provided with a sti- plasmid, pIJ424 (a plasmid with the 

minimal replication region of pIJlOl but without the sti sequence), a Sti+ 

plasmid, pIJ2740 (pIJ424 containing sti in the functional orientation) and a 

stir plasmid, pIJ2741 (pIJ424 with sti in the reverse orientation, not 

functional). You will try to introduce thase plasmids respectively into~ 

lividans strain TK24 containing pIJ58 (Sti-, aph on plasmid} or pIJ649 (Sti+, 

~ on plasmid} • At the same time, you will transf0rm another plasmid, 

pW.JR120, which is unrelated to pIJlOl to see the relative transfonnation 

frequency of the strains, and set up a "No-rNA" control. 

Each group will be provided with TK64 protoplasts with a resident plasmid, 

pIJ58 or ~IJ649, but transform with only one of the rNA preparations (Group 

1 - TE only, (no INA control}; Group 2 - pIJ424; Group 3 - pIJ2740; Group 4 -

pIJ2741; Group 5 - 2 x concentrated pIJ2741; Group 6 - ~Rl20}. 1be 

canbination of the transfonnation experiments frcm all six groups will give an 

overall picture of "strong incanpatibility"; the sporulated transformation 

plates will be replicated onto MM+thio+neo; MM+thio+vio; and MM+thio as a 

control. (Please note tnat proline needs to be added as supplement for the MM 

medium.} 



Prooedll:es 

(prepared in advance) 

1 s. lividans TK64 protoplasts containing pIJ58 or pIJ649 

respectively, stored at -7o0 c. 

2 pIJ424, pIJ2".'40, pIJ2741, pW)Rl20. 

llr:ly 1 3 Use 5 ul (c. 0.1 ·- 0.3 ug) pIJ486, pIJ2740, pIJ2741 and prtl)Rl20 

respectively to transform S. livid..=tns TK64 protoplasts containing 

pIJ58 or p~J649. Set up "Ncr-™An control. Incubate at 28°c for 

c. 20 h. 

ll:ly 2 4 Ol/erlay plates wit.'1 I - 1.5 ml water containing 300 ug of 

thiostrepton. Incubate for another 4 to 5 days. 

ll:ly 7 5 Estimate relative frequency for each transformation experiment. 

ll:ly 8 6 Replicate sporulated plates onto MM+thio+neo; MM+thio+vio; and 

MM+foio. 

ll:ly 11 7 Analyse the results. 
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Plasmid Isolation by Alkaline Lysis and Gel Electr<?phoresis of Linear and 

Circular INA 

'llle purpose of this experiment is to dennnstrate a rapid plasmid isolation 

procedure and to give an introduction to the interpretation of agarose gel 

pictures containing linear and circular INA species. 

Each group of three students prepares a lysate of 5 strains according to 

the procedure in the English manual, page 86. We only perform steps 1 to 5 of 

the procedure and load the s;:tmples directly onto agarose gels. 

Each tube contains 100 ul of cell suspension which had been stored frozen. 

Add 400 ul of the blue lysozyrne/RNase solution to each tube to give a total 

volume of 500 ul. Then proceed with step 2, page 86. Remember to mix 

NaOH/Sil5 before use. 

1lle tubes with black lids are different for each group and should be used 

to investigate what happens when one parameter in the procedure is changed. 

Th.is experiment can be done in parallel with the standard procedure. See below 

for instructions. 

'llle preparations are first checked on a 0.7% agarose gel in Tris-l::x>rate 

(TBE) buffer containing Ethidium bormide (careful!) run for c. 2 hat high 

voltage. Arrange the samples according to the sizes of the plasmid beginning 

with the largest one. 1lley can be loaded onto the gels with a single yellow 

tip. D:> not forget to add two concentrations (0.1 and 0.5 ug) linear size 

standards (lambda HindIII) to each gel. Details al::x>ut agarose-gel 

electrophoresis are in the English manual, page 136 ff. 1lle linear standards 

are on pages 140 and 141. 



Please write the order of the samples down carefully (prepared sheets are 

available) so that we c"ln discuss the results. After the first gel a set of 

good preparations is to be selected for running under different gel c-.:;,·,Ji;.:.iv•~· 

If time is limiting, this may be done by the instructors. 

Special experiments - each group does only one of these (tubes with black 

tops). 

A Produce denatured forms of all plasmids by adding double strength (0.6 M) 

alkaline SIB in step 3 of the procedure. Run the sample r.ext to the normal 

preparations on the gels. 

B Test how critical the volume of alkaline SIB is. Use 100, 200, 250, 300, 

400 and 500 ul for the isolation of one plasmid. 

C Make total lysates of all strains as for the determination of plasmid copy 

number. dilute the samples lOX and run them next to the normal plasmid 

preparations. 

Method: lysozyme treatment as usual. Lyse with 250 ul 2% (neutrali SIB 

(mix before use). Extract with 200 ul phenol/chloroform. Vortex at least 

60 sec. to reduce the viscosity of the samples. 

D Test how critical it is to get the total volume of cell suspension in 

lysozyme solution right. Prepare tubes with 400, 450, 500, 550 and 600 ul 

suspension by rennving fran some tubes and adding to others. 

E Determine the optimal amount of phenol/chloroform for step 5 of the 

procedure. Use 20, 40, 80, 160 and 320 ul of acid phenol/chloroform. When 

loading these 8amples onto the gels it is best to use separate tips for the 

20 and 40 ul samples. 

F Incubate for O, 5, 10, 20 or 40 min at 10°c in step 4 of the procedure. 



Plasmids for I:NA isolation and gel electrophoresis 

Strain Plasmid Size Copy number Markers 

designation (kb) 

Kl32 DIJ386 3.3 50 ~I 

M386 pIJ486 6.2 100 neo, tsr -
DX49 pIJ2745 6.8 1000 neo, tsr --
T".1.<129 pIJ355 11.8 300 ~ 

ED8767 pHZ507 8.5 tsr, amp 
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mIID CDJRSE a. <2EI'IC MANIPOIATim CF S'l'REP'lOIYC&5 
t«EAN, APRIL 1989 

Li.st of lectures 

1. The biology of actinanycetes (Keith Chater) 

2. Streptomyces phages and vectors derived fran them (Keith Chater) 

3. In vivo genetic analysis of Streptanyces by conjugation and protoplast 
fusion (Iavid Ho~) 

4. Analysis of gene expression in Streptomyces. I. transcription (Mervyn 
Bibb) 

5. A.11alysis of gene expression in Streptomyces. II. translation. !::xprnssion 
and export of foreign proteins (Mervyn Bibb) 

6. Methods of cloning and manipulating antibiotic biosynthetic genes. (D:rid 
Hopwood) 

7. Methods of analysing differentiation in Streptomyces (Keith Chater) 

8. r::Nr\ sequencing and sequence analysis (Mervyn Bibb) 

9. Streptomvces plasmids and vectors derived from t.,em (Tobias Kieser) 

10. Genorre mapping by pulse field gel electrophoresis and related methods 
(Helen Kieser) 

11. GenO!lE rearrangements and rrobile genetic elements in Streptomyces 
(Tobias Kieser) 

* * * * * * * * 
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Student 

Qin Zhongjun 

S Kumaravel 

Tang Li 

STUDENT SEMINARS 

Title of Seminar 

Attempts to clone genes for 
agriculturally important antibiotic 
production from Streptomyces 
hygroscopicus 5102 

Amplified DNA in Streptomyces lividans 

Genetic manipulation of the producers 
o( medicamycin and spiramycin 

Pairoh Pinphanichakarn Genetic manipulation of glucose 
isomerase production by Streptomyces 

Huan Liandong 

Manjula Reddy 

He Wen 

Cheng Han 

Feng Gang 

Yan Zhifen 

Jiang Hao 

Cloning and expression of St~eptomyces 
promoters 

Genetics of rifamycin production by 
Nocardia mediterranea 

Cloning and expression of a lincomycin 
resistance gene of Streptomyces 
lincolnesis in S. lividans 

Genetic manipulation of glucose 
isomerase production by Streptomyces 

Genetic manipulation of glucose 
isomerase production by Streptomyces 

Cloning and expression of promoters 
from Streptomyces aureofaciens in 
S. lividans 

Attempts to clone antibiotic 
resistance genes from Streptomyces 
mycarofaciens 



I lm:ID/ICGm/JOON DmS INSTnUl'E CDJRSE CN 
•GeETIC MANIPU"a.ATia. OF S'l.'REP'lU4YQS•, 

Eili\ZIDC AGRICGUURAL tfil.VER>ITY, WlllAN, 9-21 A...u:>~!.. lg39 

1. In general, did the course meet your ex~ctations? Yi:S~ 
(a) In what ways was it deficient? 

(b) In what ways was it better than you expected? 

2. In t'.'le 13.boratorf, was the arrount of work: 

Too much? About :-ight? Too little? 

How could the experiments have been impruv.::d? 

3. In ge;-ieral, were be lecturns useful? 
(a) ~•i1at other l.:.?.::t:-r.e t'.)pics ·,1ould you have lil<ed 

to ~ included? 

(bl Should any of the topics {which?) have been omitted? 

4. ~·:as there enough opportunity for informal discussion with 
the course teachers? 

5. Please :nake any additional comments here. 

6. What is your overall assess:rent of the course? 

Excellent Good Poor 

I ' 

V~ry good Satisfactory Very poor 
I 

YES/00 

YES/00 



Final Financial stataEnt ( i sterlirr;J) 

Travel and subsistence for trainees fran I<XiEB menber countries 

Travel for: 
M. Reddy (India) 
S. Kunaravel (India) 
P. Pinphanichakarn (Thailan:l) 
L. G. Hy and L. D. Pham (Vietran) 

Cost of International Money Order 
for $2,100 1202.60 

Refund of above I.M.O. 1262.39 Cr 
Cost of reconvertin;;J a 

returned I.M.O. for 
$300 to sterling 5.32 

AccamtOdation and subsistence for 5 trainees 

Travel of teachirg staff fran u v. 

International air fares 
Travel insurance 
Chinese visas 
Rail fares, taxis and incidental expenses 

Norwich-LOrrlon Heathrow and back 

Minor etlUipnent for host laboratory 

Microcentri f\.ge 
Bench top centrifuges (2) 
Autanatic pipettes 
Chest freezer 

f.:)Cpendable materials, equipnent and shippin;;J costs 

620.91 
860.43 
385.00 

54.47 Cr 

1005.00 

3221.00 
210.00 
116.00 

167.35 

674.48 
1052.89 

371.45 
229.00 

Purchased by John Innes Institute and shipped 5384.83 
to Wuhan 

Purchased and received by Huazhan;;J .Agricultural 
university, 2,050.00 + bank charge 9.00 2059.00 

Miscellaneous 

Laboratory manuals 
Photocopying and postage 
Producing draft and final re{:X)rt!'; 

450.00 
50.00 
85.00 

Appeooix H 

2,816.87 

3,714.35 

2,327.82 

7,443.83 

585.00 

i 16,887.87 
======== 
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(Translation) 

At Huazhong Agricultural University, Wuhan, China, t'NO meetings were held fran 

9-23 April 1989. One meeting, the course on Streptomyces gene manipulation, 

was sponsored and organi.zed jointly by John Innes Institute of England, The 

Biotechnology Centre of China and the Genetic Engineering Section under the 

United Nations Industrial ~velopnent Organization. The other meeting, the 

Symposium of Streptanyces Molecular Genetics and Genetic Engineering, was 

organized by the Microbial Genetics Section of the Chinese Society of Genetics. 

Both meetings have been conducted vecy successfully, and, consequently, all the 

participants of the t'NO meetings have unanimously agreed to propose: 

1. From now on, all Streptomyces strains, plasmids and vectors (except those 

that have conmercial value and/or have been patented cir under contract} 

should be offered freely among scientists to meet their re~arch 

requirements. Those who have received the gifts must acknowledge in their 

papers the source of the offer; 

2. In order to prom:>te the current study of Streptomyces molecular genetics 

and genetic engineering in China, and also to strengthen international 

exchange, it has been proposed th3t in Huazhong Agricultural University an 

open laboratocy of Strept<?ITOCces rrolecular genetics and genetic engineering 

should be established. It has also been proposed that Profes5or DA 

Hopwood of John Innes Institute be the supE•rvisor cf the open: laboratory, 

and Professor K F Chater, Dr M J Bibb and Dr T Kieser the laboratocy's 

advisors. TI'le wish was expressed to seek financial support from 

international organizations. 
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