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strains and isolates frorn culture collections.    Vuriouj fernen taxions iti 

u-e throughout  the world are   li.-J ted,  together '.vi th  the specific micro- 

cr^Rtiisiri^ usee   te  ~arry   thf'*", out.    r,ho.c;p   -¿roces'-cr, rrosl  likely  to  be useful 

in developing nu.'onr. ore  - tre-^en ,     "ne   ^rur;   r.y v/hic.r unteli   .'errrienta + ior» 

y.'pnts  w«y accru ire  ,ui ii/tc;  ;•••.icrol. ixl . Ira i>r,  i;    di.;-; cu? sed ad also are  the 

rîroMerrt'.   c   r^li.tci;:;!^  ^i,«1 1«"-  cul^arer.     Cor;? i derubi«*   "v ^e is devoted   to 

the niesv'oü i-'' rMpneu;. ••.;•   :.¡ i c roerían .IF u¡.t  in interi" vlaua! ".jewels and 

hlso to legal problems rei«:irr;  ¡x> patent.1-: involving :nicroorganisms. 

We  regret   that   some  of   the   pages   in   the   microfiche 
copy  of   this   report  may not   be up   to  the   proper 
legibility   standards,   even   though   the   best   possible 
copy  was  used   for  preparing   the master   fiche. 
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Introduction 

The microorganism used ir\ a fermentation is  the key fco the ¡vuccese 

or failure of the process.    It hi th.1 catalyst that makes the fermentation 

work.     A microbial culture snust have certain general attributes  if the process 
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it generates is to be operatile, regardless of the nature of the product end 

the simplicity or complexity of the engineering process. 

1. The strain must be genetically stable.    A culture that constantly 

and spontaneously produces one or more different forros is extremely 

undesirable. 

2. The strain must readily produce many vegetative cells,  spores, 

nr other reproductive unite.    Since Basidionícetes produce only mycelium 

they are rarely,  if ev^r, used in industrial f- rraen t&tion. 

3. The strain should grow vigorously and rapidly after inoculation 

into seed tanxs or other containers used to prepare large amounts of 

inoculum before an industrial fermentation. 

k.    The strain should be a pure culture, not only free of other 

microscopically visible microorganisms,  but alno free of phages. 

i).    The strain should produce the required product within a short 

period of time, preferably in *, days or less. 

6. The strain should produce the desired product to the exclusion 

of all  toxic substances.    The desired product should  be easily separated 

from all others. 

7. Tho strain should be able to protect itself against contamination, 

if possible.       Self «protection might take the  form m  ìo»u.-u^   -  •> pH, 

growing at high temperature, or rapidly elabcrating a desirable microbial 

inhibitor. 

6.    The a train should be readily maintained for reasonably long 

perioda of time. 
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9.   ïhe strain should be amenable to change by certain mutagenetic 

or group of mutacenetic agenta.    "Ems a mutation program may be conducted 

With  the object of developing strains that give enhanced yields of the 

product. 

10.    Tin: strain mast give a predictable araount of desired product 

in a given  f"rmentation time. 

Microorganisms that me t these conditions must be «ith«r isolate-   f-oi- 

nature or obtiiJnc :   fn-.n a culture collection.    Since  this Working Group 

deals vith the problem of fermentation Lr. developing nations,  it aeema 

to uß  the  lntter  ricurvo of cultures  .should be  used.     To isolate,   purity, 

screen, and   test a culture from nature requlrt .*  trainee microbiologists 

who are in shorter supply even  than money.    But plenty c<* time and money 

etili is ne guarantee of succeas.    To obtain tlv- proper culture,   sometimes 

one must isolate  the microorganism frem a special, ecologicaì ni^he that 

may not even exist in a particular country.    For example,  BlaXesiea 

triSPora. which produces ^arge amounts cf beta-carotene,  cannor, be 

isolated in  tempérete regions  of the Uni tec States,   hut rather one muKt 

setk wild stratnü   in the tropics growing on flowers n<* certain higher 

plante.    For  such  culvir^s.   i-.-.llocttons art- iximon always   the only logicn, 

source. 

Another source of entures in   the fo-.d industry,  wh5  h should not be 

overlooked,   is the r.uci ^urganism selected  through ti„    -enturies   for 

preparing native  fci-mU;,! <.»<.d product*?      The principal microorganisms 

can be obtained with  little   Hffl;u1ty.      Hn-'e   th>   microorganisms have been 

used In a particular food iVnrentfttior. for eenturi'-s,   then- has been a 

constant purpose fui election of  th*> best atralna.    The vea« t    traine used 
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In  the i.Tunicipal Bantu beer breweries of South Africa were acquired in 

tM.K  fnahion.     We «ere told  the origirml t trains wit isolateci from the 

tvtWv native brews.    After a number of strains were tei'ted,   the best 

r,-'!:v •„roben and are now tlie oneo  .¡sea  in an  Industry producing 1^0 million 

Jr")ri .1.  f'dlons of the  f«;oa yearly, 

!u tne preparation oi.   Uiis paper,  we ha;c U-ic\ to "r.-? r^ali-stic in 

•-•roach   t •• th; pro nie m uf obtaining  un'-1 proper iiacronrsar-isirs   ^or use 

.    I   ., •trial  fernen uaticnc.    Ou?   views -<re tmeti  upon  firsthand knowledge 

•    >  -   operation of a large industrial ..ultore cc-V'oetton vipported entirely 

•   . -rnai-nt  funde;   experience oï several years  operatine fi  culture 

,îcn in ti lance Industrial  fermentation coi.p^v;   ~n understanding 

, •'     '     problems faced by  fernentolopista in devels. ^ù>r;  r-oirr'.vies;   contact 

• T,:I   .i-robiologlsta working in our fermenta ti or  l-\ eraUry from developing 

coiirtr'•?:;;  and an acquaintance with some of the -primitive food fermentations 

ivf  th» world. 

Sources of Microorganisms for Tnuujtry 

Ihj ultimate sources of cultures of mieroorpanisinrï for industry are 

ii.ll;  .valer;   fresh,   fermenting,  and rotting ve^folc-s;   lining plants and 

- rimi..;   acwage;  fresh and spoiled food;  iYass and insect droppings; and 

•pi.    i lunediate sources of cultures, howev« r,   arc- permanent i. alture 

eoli       *.onn.     Almost all  large  industrial firms  dealing Jn fermentations 

have    .i-lr own collection« of microorganisms soared  from a continuous 

,.;•„,;,   :   of isolation.    New isolates and variant su'^traln-; derived  from 

;..•..?•'  ¡I mutation studies swell the numbers of e trains so that many of 
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the proprietary collections are quite large.    However, most of their 

microorganisms r.ever get into general circulation, being intended solely 

for exploitât!on by the- parent coirrparty. 

A few culture-,  From proprietary industrial collections are in genera] 

and pi iva te collcuiio ¿;  In the Lini ted States.     In I9U9,   the U.S.  Patent 

Office tcr.y,  i-v.r. po.-itic.i tK.a>, ft r. ltu»- is an essential part oí* a patent 

procer iui'l  the  cul.'.uv :\\):--t he   (iisc!c;-;eo.     Hence,   it muH be  deposited 

in a recoin Î-". o   .uiiu-!' • :.•'.:» 0¡Jon ana be available to  une public at the 

tins   the put--ut í.ííB'if:;.    Txo U.S.   foj I .ee tiore  th.it have been recipients 

of culture*? i'ro.n i/.dus . rial  concerns both deines tic and  foreign as a renal t 

of this practice ar«'  the Kniori'.ar. Type Culture Collection at Rockville, 

dryland,  and  the /.Iti Culture ".'-Ilection in Peoria,  Illinois.    A3 ml^ht be 

expected,  th~ depositing companies do rot advertise  the fact that particular 

strains are placed i\) outside culture collections,  and the named deposito ri* A 

agree not  to reveal po33taeion of patent cultures or to distribute them 

without authorization by the (V ponitor.  if this is hie wish,  »uvtil the U.:;. 

paient iruu<..s. 

Tlìe ho?kliivs of the companies are supplemented a¿so by accessions from 

public an i Private culture collections whose culture distributions are not 

so rigidly controlled. 

T'rivvtf.    • 'VJ oticr-,   ... not have aa 0 principal purpose of existence tn<-- 

distribution of cultur. :<.    ïr^y urually ar*» specialist collections,  by whi-! 

is Tneart theiv jcop-   js confiad  te  one or c few tax« cf special inter*""' 

to the scientisti! who operate or control them.    Ceno rally,  private collections 

aro associa tea *'tth e university 01* reoaarch institute.    Although their 

I 
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curators decline  to distribute cultures far and wide to anyone who asks, 

they nevertheless often send cultures to other investigators with like 

interests,  or to research institutes and   to Industrial njer. who might 

continue research  the y m> longer ".an purrue or who might continue development 

of an industrial procedi-,,    "rivot-; so elections onerai i y do not charge fees 

for  their cultures.     Like proprietary ooll»-otionö,   liicy usually do not 

¡uiaish  -" diste Ibi: Le  liât;;  •V   their oui tv: ree. 

Public collection,   ha«   a:j one   »f their principal  r-a.scr.s   ror existence 

1'•'-• »iocumulation of a diverge collation of ssu&blp nieroc-rr;.'inleras.     They 

•lend cultures tu any bonafíde  Investigator aiiyvhore in   che world who is 

willing to pay their prie.-.    Ar irá¡iht he expected,   thoy publish catalogs 

lia hing the microorganisms that are for sale.     They also often provide other 

;c TV Ices such as  identification of microorganisms and preservation of 

oiltures by lyophilisation or liquid nitrogen réfrigération.     Their diversity 

may be as wide as  that of the American Type Cui ,ur^ Collection which maintains 

actinomycetes, algae,  bacteria,     cell lines,  molds, protosoa,   viruses,  and 

yeat-te. 

Among the specialized culture collections, s owe concentrate on 

industrially use nil microorganisms,    ¿Inch microorganisms are bacteria, 

yeaets,  molds,  actinomy. etei ,  algae,  and protozoa th'.t are used in the 

food,  pharmaceutical,  and f' .mentation  industries and in research and 

development laboratories  to convert s-.-lectnd subs tre tes  to producto of enhanced 

nutritional, medicinal, or industria', value or to reduce the BOD in sewage 

and industrial effluents.    Such collections are oí principal interest to 

IJNIPO and its adherent groups and members.    Therefore,  we concluded that a 

list of such collections givlnp addresses, names of curators,  and types of 



•laroorfajiiam lontaimd would n* uiaful (IWMw 1).    *• •*• tfti»t»*Ni %e 

Dr. S. W    Martin or tlw Ut-rial'.«-.   >•• Pto»el.»fu«^«,  Huilón* ì  «««at'h ••'oun.-r . 

Ottawa 7,   •'•i.t*»ri-->1 f-ana-lt.   for n»>p ' <•**  th* -um*»»!« "f   *> ¡,*•.-•!.>«• arti 

Information aboui- t,h*-<r.,     >*«*«•;   U ** *»«»fw r,f   ««h* >***t o->t. -f   -''it t»wr* 

Collections   •'!    .li**  rntM*nat1o; »u  A;tH'vii«t]in  if Mi-rc-M<-, o*|cai  '«..'teilt», 

Dr.  Martin   is  prvprinf aikt »111   s »un >>t>-'jh % i.ri    -.« wy   »f   •••iltiurr 

Collection*»   In wMoh  rr.ost of the  collection«   in tf»f worin nth» nwMKl 

and described 

Additional collections ux;1 ndäre? ses uwiy fcw found  li  sow» o!   %tw 

larger culture  collection cataîo^e  ¡it; ted n*   rj\*» en»J c   •M* p<aj?».r. 

Fees   for cultures y-ay  ^ron« o,*»   -u ,1< .-tlr>n •,.    *u»ot.n**j .     In üw   tinll*» 

States *he  American Type  "ulture Collection  char**»« •*»    í*»r ..wat», for a'1 

cultures  xo  corroeré ta •  and  n ..nedueationaj   Institutional,      "ft»»«      »«t  la  r»du * 

to $15 for educational insti tut ions      A Lamllliif ma--4*     f      p^.-r-ent  v »» 

maximum of  $Pr-.   ia added to o:ich   inveir P.      *n*- .>r traaìM^-tiu   /i**r 

Schiranelcul tures in The Ne then ande chnrsu.   '0 ¿ui !di-r-*   for .-¿ivm»«   thai 

are to be   used  for industrial purpo8"ft.    Therr-  u-   »•• s ««In  ti. r   in .-.-oat  If* 

10 strains   or more are pur<-haß»»d   u\ ]   year.     Thir.   -oll^etini.,   as 6««ie 

others,  âoes not guarantee  tro production of cherrical  suiwun^-i by  it» 

cultures. 

As a  general rule,   ^>"i loc+1< nr which »idv«»rtib<   "hwir culture«  in 

printed cataloga charge a  i'o<-  for their .-i tra Inn.     .'Jome  cri lee MOT»,  aueh a« 

the one we  are associated with,   do not i^rne a cntaLv  and do not   '-barge a 

fee but do f'xert considerable restraint on the numiier of attains Bent at 

any one tir« to any individual   or institution. 
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.Qharaçterlatiea of a Qood flultur* cmi««^ 

Although much has been spoken and written about culture collections, 

to our knowledge, no one haa ever laid down the characteristics of a good 

applied or 'jiuufltu.il  vulture   ìO.» lection.    Many of the following points 

apply equally well  wo othor typ*ft of collections. 

?-     ïho collect oa , !3st. le ^rt, 0;,.  cr cicely related  to,  a 

feritati or. r«een ch >/. .ivlory ,,r to a fermentation plant,  or both. 

Per example,  m the Nr-rtaer-i fiorai Research laboratory the ARS Culture 

Collection is p^r. or ov: o-  :*«.•  four re^arch units in the Fermentation 

Laboratory.    In^r-.ctioi-.- o-t-en reraeatologlsts and culture- collection 

staff worl; to tl.» ,-at'xo.:!  benefit of  joth.    The  Cenmmtologiats,  being aware 

of general trends in ferwinration research,  «re able to anticipate future 

areas of interest Gnu to ¡jiv* guidance as to what microorganisms the culture 

collection should er cession to neet future needs.    The microbiologists, with 

their knowledge of th_ rilatlonrhipu a:-n» genera ond the physiological 

requirement* r.f various microor-îrniana,  .an make vMyable sugestiona 

regarding screening progrons.     Ir,  their aetailed studies on  individual 

straina  they i;ay at-Vf.- enervations  leading to new Zementation products or 

higher yields of be- a crod- -.ts.     'Acir ready recognition of contamination 

or degeneration or th»   -u ture  Mir*; used in the development of a process 

acta aa a typ-.- or ^.lality . >n,r.)l. 

2.    A culture colistier ¡nuat be well funded, and this  funding must be 

at a relatively unifom 3<?ve! eacli year.    In winy  other research 

operations, » pro^-u-n cay be increased or decreased readily with changes in 

the aaount of budgeted moray.    Personnel can be ahifted easily from one 
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project to another.    On ths other hand, a cultura collsctio* is a 

fîcmtlnvlne    operation, which mur.t be sustained without great fluctuations 

in budget or people from year to year.    Many of the r.ulture collection 

TJwî.?ct; become long-term studies of H jenus or family,  and years are 

rtrnr'ru4 to assemble wile cultures and known type ratería Is in order to 

do .-:. rirst-rete Job. 

,.    A culture collection ji»u*:t hnvb adequate  facilities and equipment, 

irxiuJ.-J.ng transfer rooss,  refrigerator apace,  incubators, microscopic 

end rùotographie équipant,  auU>ci;«.vôr., and lyonhilizers.    usually these 

facilities should ha separato fro-, those of other research »rrcups. 

^.    Library facilities are ne'^aoary no that personnel way have access 

to the taxonoraic and fermentative 1 tarature be in/* published, not only in 

the region or country of location,  but also In the world. 

b.    The collection should lia ve an active and continuous program of 

isolating new strains of microorganisms from natjre.     rbÌ3gonl will lead to 

the discovery of new products and reactions.    Hm material will  also add 

to the understanding of th« classification of er-eial groups of microorganismi, 

New material  makes it possible to discover npeclec und genera new to science. 

6.    Tao collection must have an adequate stafï to support the curators. 

By this require-aent ws ¡nean technical help  to pivpart nedia,  ete.rilize 

glassware,  and perfora routine techniques;  „t-cretarial help to keep the 

voluminous records ar.d to handle correspondence;  and dhops to construct 

special apparatus.    At the ILrthern Laboratory,  our glesablower devised an 

automatic machine to n»ke lyophil tube«.    Reliable sources of supplies are 

also necessary.    We have had experience in setting up a lyophil apparatus 
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la a partially developed nation. Although the lyophil equipment vas 

readily made to our specifications, not a culture could be processed 

for 2 years because there was no dry ice. 

Optimally, each curator should have P careful,   intelligent, and 

dedicated assistant with some microbiological training.    In our erperience, 

technicians need not be specialized became  they always must be trained 

in the special techniques required  for the conation.    These assistants 

Should handle periodic transfere,   lyophilisation and associated records, 

inoculation of cultures for study by the curator,  seeding of flnsk cultures 

for prelijuinary surveys for new products,  ami making arid recording routine 

observations on all cuitares. 

7. The curator(s) must do research,  es well as maintain the collection. 

Each must have an active research program either in  taxononçr or genetics 

with preference to the former.     Ideally,  this work should be in the area of 

chemotaxonomy.    Thus a curator will have on intimate  knowledge of the 

strains he ia maintaining and will develop a reputation as an expert in 

his field.     Consequently,  importent material win oe sent fcn him for 

safekeeping,  for identification,  and for otner nú-pos»»*.    Other mi orobiologi at« 

will know from whom they may get expert advise,  cultures,  and information. 

This point is an important one that we have stressed before (Heseeltine 

et al.,  1968). 

8. Col lege-trained personnel in collections must be aware of the 

field of applied microbiology, appreciate the wort: being done in fermentation 

research and development, and understand the operation of fermentation 

plants.    They must comprehend the problems of geneticists,  fermentologiste, 

engineers, biochemists, and organic chemists.    Probably the most difficult 
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¿afe rrom an administrator's standpoint is indoc trim ting the curatori 

of a culture collection      They ¡BiBt   UK»«?rstAnd fully the point oí' view 

of other ë'-iisnUstM v»   mm*, ppulUe  that lì«-y  ire part  of a  team.    They 

•sunt be mat- »ware o'   Vi* needs» ¡f r the" je.qe;,rcit. people.    Anyone in a 

culturo coll^iio» *hi' d.+r, n-jt r.rpre-iate ^iher ar^as O'" work should never 

t>'  In ti» positi n of (H"" iß ion wtk<n£. 

In  turn,   »h*- snb'r:*  of «   ¿UHUTV-  re, lie ;T.1OP should  be   informed of 

developments In aast ci«t„:>l îcjnip.ntâtiori research areas ai/J  in problems in 

a fermentation plant,     ^urrently,  rlì report* <JT! pur-rrs  from cur Fermentation 

laboratory ur*> "ir?ulateri  to al!   th*   ;th"r senior s-riei.tHVs.    Also, before 

papers  and reporte an   ./l ven ut scientific  Tie^tin£f<  the authors present 

them before other members 01   the Fermentation Laboratory for review and 

criticism.    By tills means errors are detected,  speaking tía*? If adjusted, 

and lastly,  the staff If  Kept Inf ornea on progress In related areas. 

9. Although the training of curators should be in taxonomy, the overall 

background of the staff ahould have balance.    If the collector nae more 

than one senior man,  th«r-ri the broader the interests of tr* group the better. 

It does no good to have three specialists on ba-teria and yet have no 

mycologists, or vice versa. 

In the ARS Culture Collection, we currently have a zymologiat, two 

bacteriologists,  two nomologists, a plant pathologist, and a biochemist. 

Although a geneticist ±a not part of the Collection,  a microbial geneticist 

works cloaely with the Collection members. 

10, At least in larger collections, young people with new ideas and 

knowledge of new techniques should be brought into the group periodically. 

This means of rejuvenation may be supplemented with postdoctoral fellows 
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and exchange of personnel from other institutions.    They should not 

necessarily be people from ^ther collections.    In turn,  the resident 

staff needs periodically to travel or study in other  lû%x>ratories. 

11. Members ci' a culture collection ihoula be like plnymakers in a 

basketball game,    "hey should rpot profitable nei» iuta« of fermentation 

research.    They should be th^ ori!/ine bore of row precaves and products. 

On the other •¡and,  once a profitable research area una teen discovered, 

they should become advisor« to other groups who are reap'.nt Lble for 

developments! research.    They should not do deve lopTir-ntal research beyond 

this point. 

12. Culture collection people should not only bo engaged in research, 

but they ehould be actively reporting their research in the form of papers 

published in scientific Journals, giving lecturas, and occasionally taking 

out initial patente. 

Location of Culture Collections 

The questions of how many kindri of culture collections (general, medical, ref 

erence, or agri cui. turai) shoujd be a pons oreo and where  ',hey should be locatei ar- 

under study by the Sfl-rtinr. on (.'u.Lture Collection.-; of the interno tiona! Associât!-••• 

of Microbiological Societies.    Our concern, which overlaps theirs,  í¿  the 

narrower.    Where should collections of industrial microorganisms be 

situated so that they will ne accessible to, and do the most good for,  people 

in developing nations?   Should eacn nation have its own collection?   Will tl-- 

existing ones aufficeT    We think che answer to both questiona is,  "Mo." 

Because of the scarcity of scientists trained in culture collection science 

in developing countries,  it seems unrealistic  to support the idea of national 

M 



- 58 - 

coli-.cuions of any sort.    It seems to us that the source of cultures of 

r-'oivo^atiisnö should be limited to a relative few well-equipped collections 

~.ve:\ à-./, ft various places around   r.ne wer la,    They r^ed  \.c  i;e adeqjately 

iJ:?S±*.i aid  financially uv.pporto-1  or fi  long-torn» basis,    A.  Culture 

co] J s-.•'.ion In each ciniry *.ou,d be  whoiiy unrerùisti . an-:i unworkable. 

?•! :;•,-»:/ •'.;raad over 50 may plaçât wc.ii.ld te utterly -'.as le,'.    Ci,   -.he ether 

;.:...'.    ubilo collections  that ài:? a-f bute  industrial KùJ roer chrisms are 

.   ot'i^n or'? looted   t«,c ¡'re  ;\ox the emor^ir^  n;¡ ti^.:;  to  furnish 

hue-  i- -r^L assistance  thn : io nerded in handling the  -ultures.    Also,   the 

Cx>¿. .. o. tìv: cultures is prohibitive because hard "urrerriy li; d if fi cuit to 

e-..:U  '7 ju many  of the devejwpirt; areas.    That? a .ire our conclusions based 

u;;w; ¡/radical erpörionce and on frank discussions with a number of 

kno.vleJgeable pernona  froia various countries. 

V'c  ihii.A it would he well if regional collections could be set up in 

strategic places where governmental  jtability would allow proper ievelopmen 

of a collection and where politica.!   considera Mons would not restrict  the 

t'ro<; fjow of cultures ami  information  to  fmmtntC'ogistr>  in  ¡.he servie« 

p-ù-UJ .    C-.r'.:inly  the OKíSUTI^ orea munt suffix for now,  *n:  in certain 

rq-U   i  th^y of.n provide sa t laftu. tory service.    Time, culture collections 

'n o:.i6toi«e in th?U.:,, US^R, U.A., Ne therlands. ,i*partJ  Cunada, and 

.••oi:/»i '.frien «oviid se^-v* nary «rea«».    The excellent Dutch collection would 

'T-  •'•   - rill *he needs of Car.trai Eurr-pe.    The U3.SR Ali-Union Collection 

'.v •» r.;-:qu»t9ly neet tr.e requirent it« of Poland, Ron/mia,  and Bulgarie-.. 

Well-  tMTod and   financed collection;-, need t.o he established in (1) 

'-Uh  '.rvîilcH (perhaps  in Brazil  or Arge nti na ), (2;   India,   (3) Central 

. "r:-c, und (U)  the Middle East and Nortn Africa.    We do not mean to imply 
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that none exist in these regions but rather to suggest that they need to 

be enlarged  in size,  bettr-r e^uippod,  and mor«- adequately staffed.    We 

believe  that  if the»e pnpo;;.-vi  collections were established,  the fermentation 

Industry  in  thest-  area? would bt   adequately >• tick«topped with sources of 

cultures,   oui tun»  ini ormati -n,   (xnû   technical  ^xpevtl^f, 

Kxisting >»» il e nt, lorn;, w leu híiv-.- ¡mi^-d s ta tun» over the years, are 

associated with »^tht-r a  researr-i- insti M-t*? t.r wH.n n university that is 

famous  for  ite  fc-rro'-iitatuv. studies.     }•-•»• example,   ttv1 University of Toky^ 

collection  is hcuseti  In  the Dipartir- r.t of /.,:r1-» ¡Hurt i   i "hernia try and Applied 

Microbiology,     The famour Dutch v.c.l lection   >f ye a M tu   is hrused with the 

Institute of Mlcrcbitlogy at Delft.     Government« nr '-•rcemiíatione estabi i£.hin; 

new collections should bear thin V'r.d of   location in mind.    A culture 

collection of fermentation microorganisms not placea  in close proximity with 

an active institution of fermentation and applied microbiological  research 

would b« lik« planting h s«*d un a rock. 

The que-at ion can tuen be  Justly atJked,  "fhat should one do with a small 

plant producing a given product,  say a fermented food product destined  for 

human consuaptior.?''    In this  instance,  the  levelopraental work should be 

done in some '-.entrai research labora^^ory.    To ensure Kood reliable inoculum, 

this should be prepared and ruppi led ir a dry.  stable fort? which the workers 

in the plant can use to sect  the fermentation  to the degree that the process 

will go to completion in spite of contaminants.     Thus,  in the Bantu beer 

process, even the larger piante do not keep cultures or prepare  inoculum, 

iaetaad it is supplied to th*a in 1 »pound packages which a technician usas to 

inoculate a given quantity of medi«  in full confidence that he can depend on 
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obtaining a certain type of product at a certain tine.   Little or no 

formal microbiology needs to be known by the plant operator.    The original 

starter culture cars be kept in a central culture collection and supplied 

to a company who makes, packages, arid diatributes the inoculum, 

Procedures for Isolation and Selection of Microorganisms fron Nature 

Innumerable techniques for isolation of microorganiama are described 

in the literature.    No attendit will be nade here to give specific details 

because they vary from group to group and sometimes even a special technique 

is required for a single species.    Information can usually be found in 

textbooks on microbiology or taxonomlc monographs.    Currently, the Mycological 

Society of America has a project involving the preparation of a manual on 

methods for the isolation and study of all the groups of fungi.    An expert 

on each family or fungus genua has prepared a section on how to isolate 

and to study his group.    The material was written more than 2 years ago and 

now is being evaluated by graduate students to discover which parts are 

workable and which must be revised.    The entire text will be edited to give 

a uniform style.    Eventually, the whole will be published as a source book 

of information. 

Techniques for isolating microorganisms, which can grow free of other 

living things, can be classified into several general categories.    Microorganisms 

are here interpreted in a broad sense to include bacteria,  fungi, algae, and 

protoaoa.    One of the oldest techniques is culture enrichment.    It involves 

the transfer of soil,  sewage    or some other material with a large and 

diverse population of microorganisms into a selective medium followed by 

incubation of the culture under conditions of temperature, aeration, etc., 

that further contribute to favoring the growth of desired forms.    A small 
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amount from the initial culture is transferred to a second that ia set up 

in the same manner as the first,  and this procedure is continued until 

the flora desired predominates and can be isolated in pure culture.    For 

example,  if you wanted a strain of Clostridium that would produce acetone 

on corn meal, yoi: «ould majtce ft s torli e corn iwish and inoculate it with 

soil, sewage, und other materia?  conta ir Uvi lar^e bacterial populations. 

The corn mash would oe kept under anaerobic conditions at a deeirable 

fermentation temperature,   for example,   37" ^.    A large number of flasks 

would be started and certain of these  giving the appearance of vigorous 

anaerobic growth and having a solvent odor would be used to inoculate new 

flasks which,  in turn, would be incubated until a vigorous solvent-producing 

culture emerged.    Finally,  the selected Clostridium would be plated out 

on a corn meal medium cnder anaerobic conditions and many strains would 

be isolated an pure cultures.    Each would then be tested in the proposed 

industrial fermentation ui^ng corn m^^i as a basic  Ingredient.    Ansava of 

the solvent yields would be determined and the best strain selected for 

evaluation in the tjcaleup of the fermentation. 

Sometimee,   the isolation of pure cultures is not even necessary.    For 

exanple,   in th^ fermentation of cucumbers for the manufacture of pickles, 

conditions are established in the fermentation tanks ¡,ueh that part of the 

natural microbial flora on the cucumbers is favored.    Certain bacteria 

grow at the practical exclusion of all otr°r microorganisms and the fermentation 

goes to completion without resort to a pure culture.    The efficacy of pure 

culture starters in pickle making is being studied. 



- U2 - 

In the native African fermentation of corn, called magou, conditions of 

anaerobios is and temperature arc- so adjusted that a high-temperature 

lactic acid fermentation occurs without the use of a pure culture starter. 

Part of a previous batch is used as starter for each ne* batch. 

Another general  approach   is to isoìntc a microbial strain from the 

natural flora of a choice sampi" of .tateria'L and to use it to make a 

uniformly good product.    For example,   in the U.S.   for th<* last 12 years 

a culture of Pediococcus han t-r^.n u;;ed to inc. cu i a ce coninercial sausage. 

According to information «mpi-li^d by the manufacturer,  a seurch was made 

of cultures from camples of superior quality t:Hu¿.irce.     Prora these sausages, 

a strain was selected  that producer  tue desired fermentation;  that also could 

be grown under conventional fermentation conditions and then be preserved 

by freeze drying without undue loss of vitality;  and  that could initiate 

growth rapidly in fresh sausape in spite of competing bacteria. 

However,  not alwaya can these various approaches  be used because we 

do not know where to look for suitable strains or because  the actual nature 

of the product desired 1s not known.     The search for antibiotics is an 

example.    In this instine?,  initial searches indicated that Streptomycee 

nad excellent possibi3.itle-:.     From earlier studies on soil mici'obiology,   it 

was known that soil, particularly grassland S'~il,  had a great number and 

variety of species.    The method used  in this research was to get many different 

samples of soil from various geographical and ecological areas.    The soils 

were plated out on media suitable  for the growth of Stre-ptomycea and bacteria, 

and myriads of strains of actinoraycetes were isolated.    Selection of colonies 

for making pure cultures was often influenced by observation of their 

inhibition of adjacent bacterial or mold colonies.    A multitude of strains 
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mors öfter.,  against a harmless microorganism Vnown to lo e lonely related 

to the pathogen.    Ultimately,  the anttbiot;.-;  from a paruiolar culture 

hnl  vj be   tested açoi.nat .-s t.j-ainK  of  the prthogfn either  In  ylttZid or 

i:i yJ^Jj.-     As  3?) t»t>ide,   H  sear .iì r"  thl?   ac-N.   for r.*v» (coibV Li J.-;  now 

ripeara   to  bua ugel-;.".:;  dctivitv   >x ept  by :v-.« ;jfbl.v  tie treat highly skilled 

aid experienced  researchers  -fn ü:duíK-rirO   Inoorato-'eK.    A better approach 

i.j the modification o.' < ¡ ;•:.;.•. r ^'IV.íTJ';   ;OG<í,OU:KIS. 

The pitting toc!-ico,- e:-_r. .;" v^-câ to is*.'.¡ate single cells or spores 

of practically  ill mj,-r(',cru:b.iii--mw   U'HV. rmw   \ïI  b-covat.:ry meóla.     Thifî 

••echnique  involvto  the dilution :\x<n emparat.ion o>' propali]es of the 

¡aioroorganism.    Ihero then gravi lato colonies  of sufficient size to be 

seen with the naked o.-ye cr und;;.c a dis.-ootin^ nicrudcoye on or  in the 

agar medium.    Using sterile   technique.'-,  so-ae  -- all  -f a colony can be 

picked off the substrate and a pure culture estabH-ühed.    However, with 

many fungi,   a more rapid nrd e'/i ¿oient  i/^hniquc is fie Isolation of a few 

spores from one  fruotifi.-.atiun.    Rcutir-oly ir  >ur  laboratory,   wold growth 

that Las   fruiting h^icls  .;n   the. O'.bntrate  (lilis  trouva, ívay be on 

medium in Petri dishen)  is u?ol   vo start pure  eultum;.     This  technique 

can readily be donc by j.tnolr.^ the mnteHal  • -• which tue mold  is growing 

under o dissecting ri^vsr-'f  <W;í .:oit otinj;   i wo 11 -isolated fruiting heaa 

containing mature ,ipor. ;.     >\ ttv.rvji'ev reeòle t;itli a fine straight wire 

(a filament from en t'> --.trio  light bulb mounted   <:i a holder works very 

well) is  flame sterili sod.   cooled,  incirt^oed  in sterile agar,   and the tip 

carefully brought into contact vith foe  fruiting nead.    The aobering 

spores may then be transferrer! to .^citable nutrient agar and a pure 
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ruii**!**   établi »ned i« • o»tt»r of • few »«eond«.    Tili» t»olmlqt*» 

requisii .*oB»iderwb1#> h«nd d'-x Verity *nt pr»>'ti •*>      ft work* »«11  for 

ili  furiai  that produce- »pomi >>n «UIKA.     'It  -.it-?  ir    -•-.tinely fur the 

.. «.1..M. ,. or IA*-.or«r»*a,  AiPTgllxJt.   rttiii^lxl^ua,   »nd  U.*  Pungi   liiert"»»*!, 

'.ifiV.w geruíM 8Tih «s A i ^fnart§,   i-lft^wsp^ilstf«»  v-d Jilos la4 lu». 

•   codification    >f   t.hl <   î«'chr,îau<*   is   the   -me -'" H  ni rroman!pulator 

:   ti,'  isolation   ;••   ¿ingle  aperar»  •'ron-   Uu« si;--«'a"(-    .f a^nr      It  la 

i        ' ''.î.-trly useful   *heri   .11   the asrv).'tper'*s   in   .ri i«  uà or  the 

• •   1 ¡Jpores  or. a  ïjaalui-.jT! urv   V   h«'   lfaojnt«*J   '"or ^'f-neti-'   3ludi«». 

' . s    ¡' yeasts and  fungi,  sp-ires are forcibly di8<-hargt*cl «no these can 

'••"   it. slated fremi an agar surface placed above growing colonies. 

For some fungi,  especially those of the class Basidiomyeetee,  spor«» 

are only produced in,  or on,   large macroscopic  fruitixig ftr.'tures. 

Bisidiogpores may be allowed to discharge un nonnutri'-orct Rgar,   then a 

few are transferred   to nutrient agar,  and  cultures become established. 

However,  one • ften encountereg basidiospore s  that fail  to germinate. 

frequently cultures can be made,   if th^  fruiting body is   large enough, 

by carefully dissecting K small  fragment o    tissue from inside the steril» 

fruiting body.     The  tissue  is  transferred  tc an appropriate medium.    Sino« 

colonier will produce mycelium but n^  fruiting structure,  extreme care 

rrust be taken to ensure that one is not  isolating mold contain truants. 

There itj no way of positively identifying a culture tnat produces sterile 

mycelium. 

One last technique often combined with one or more of the general 

¡nethods described 1»  the use of specific inhibitors in either liquid or 

solid medium to eliminate other groups of microorganism.    Routinely,  In 
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ym§% and asid count» of ceraal product«, tetracycline is Incorporated 

iato Um múi\m to  inhibit * líos t. ali  htc-terl«.    It ha:: no adverse effect 

OH II» growth o(   mohín ,-vr yaaats      -:n  tho othtr huivi,  « nerond antlfungi 

ftfitlbiotl   ,   i-ti4|'iw,   ,-en v»«   *n.' •rp'.-r»»t«u   lut*   -vitriert ¡#>di«i  to  Inhibit 

both y»aate »r»d  r>jvri with.-it «f»'.••-ting   _.    prr-, t.   -f î arteria.    We are 

not «Wir*» of   any  ..• ->n;blnatt¡>n   >¡   .(#» Ur l«*l<    Iti»?   * i j :   Liu IMt «11  baciarla 

und  fungi but »'.   I  v*mi*   ih*   «**:...,!  v^  ..ro.»th    -i   T^inotve^V'S, 

Sìlfi U teuton MkJi^mtìUjk^ '¿n. >.. Xai.; .r^jisUojitf. 

Sino* Vr'.K  v-pi.   In  r»*--.••»«•*!  !'. ,'-"ut 1«-t. U-   Li virion» tails on 

f amanta tion (Peppier,   1967,   Pr**H..u   f,  ^jji,   1»',)}  %M   ì'alth,   19&9),  no 

•tte^pt »ill be w»d#   u- ilij*."*u3«  tíif mirtv,-"r^ai »eru  úivol/ed exfept to 

suasmrlae the  information In tabu111 r  '"•¡ru  "ï*bl»» ->),     »veri thia suawary 

cannot be eoiapletf be^sasf- n>.-m-   :>rmentatio,. J,T^{J.J.-'îî e**r» ,  nr are,  «ada 

on a Halted iMiBtoai bf«»i«  wi,   «re not  r*?£*. 1%.- urUol**   >f   -omoer^e.    Whtn 

one considers  il}   the type« of  r^-ment^d f >o. «nade ali  '>ver  the world,  ft 

of which are q-iite   lo^al,   it b*;comrp  quit,     tnipoaoiM*'    x   >-n onerate  even a 

aaall portion nf them.    Aluu,  m>m#» proau'-tn on n1 wit- by  fermentation are 

now made by chemical  synthesis ¿specially  ''mm pttio    n^aira^r-      lYius, 

ethanol  for industrial uses  in made « '<ï1<J ' •**. I;   '/ia tíii    irthjd In th» 

U.S.    Other countries with ft shor^ge of oil,   but »ith enormous amount« 

of molasses, a till make ethanol by fevmentntior. 
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Table 2.—Classification of Microorganisms Used for 
Commercial Production of Various Materials 

Product Geme 

F opà a 

Ang-kok 

Bec tori fjl 
storters  (fermented 
dairy products and 
saw; age) 

Bantu beer 

|tom_ncu£ 

Strato coccus 

Type of microorganism 

B 
8 
B 
B 
B 

Y 
B 

Blue cheese 
flavor 

Bread (takers1 

ye est) 

Cheese and fer- 
mented dairy 
product;; 

Chinese yeaot 

Fermented fish 

Hananatto 

Ko J i 

Magou 

Miao 

Rati, 

Matto 

^nicill,Ülü 

Sacçjuira;!vces 

pror<i >u * i >.• s'_t'-.rJü-.vj 

Hölopr.i i- btictoriß 

fthi^o^V'. 

Lac tob o e 11 lus 

SâfiiLh-.'.i-r.-r jü'ü 

4fi£&2Ì&cJ?r. 

Bacillus. 

B 
B 
li 
B 

M 
II 
Y 
Y 

B 
M 
M 

II 
M 

B 

M 
Y 

B 

B 

—oontinuad 



-*7- 

table 2.—Classification of Microorear.isuit- Used for the 
Commercial  Production of.Various Materials—continued 

Product Genus 

Qntjom Neuro«.,rora 

Pickles and Jigc toi oeil 1 uj 
sauerkraut $,tre;> to coccus 

Shoyu Torulosis 
g occherò vçes 
Afine".*!? j.u;-; 

Sufu ActJ-i-or.-.u.-or 
Mücor 

Tempeh Rhlzonus 

Yeast £§Eâilq 
gacch/.rmvccs 

jjeyera^es 

Beer paçcharoDtvce3 

Distilled spirits $ a echaron;.v e os 

Sake Saccharoavees 
Asj>er?3 llv_s 

Wine gfciharc-iyces. 

Protein Joru L.6 
§AcSha r°!T- YP e».s 

iMâteJJ-« 

JmiW Acids 

Aapartic acid ft«Ud«*V?rias 

Glutamic acid Bacili i».c 
(ßonoGodiim tíicroc.'cüs 
glutamate) Brevi o/ur^Cu© 

Itole cine Pseiytomnas 

Type of microorganism* 

M 

B 
B 

Y 
Y 

11 

M 
H 

ï 
Y 

Y 

Y 

Y 
U 

Y 
Y 

Alf at 

B 

B 
B 
B 

—oontinuod 
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Tibie 2.—Classification of Microorganisms Used for the 
Commercial Production ofiVarious Materials—continued 

Product Genas Type of microorganism* 

Lysine 

Phenylalanine 

Threonine 

Valine 

Indus trini Solvent:: 

Acetone 

Butanol 

2,3-Butanediol 

Dihydroxy acetone 

Ethanol 

Glycerol 

Antibiotics 

Micrococcus 

Micrococcus 

Bacillus 

Micrococcus 

filos triqjLum. 

Clostridium 

Acetobacter 

Saccharonyces 
fiXQstridlio 

Yprulopsis 
Sacchar orgy ces 

Pénicillium 
Bacillus 
Strep tomyces 
pephalosporvum 
EysirHiiM 
Aspergillus 
Micra^onpsupra 
Rocardia 

Aoetobar;ter 

AjPÊI£UJ<*s 

Pénicillium 

fthizopus 

A*psrfl*Uv*j 

B 

6 

B 

B 

B 

B 

B 

B 

B 

Y 
B 

Y 
Y 

M 
B 
A 
M 
11 
M 
A 
A 

B 

M 

11 

M 

II 

--continued 
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Table 2.--Classification of Microorjoninjüs Used for the 
Commercio! Production of Various Materials—continued 

Product Cenai Type of microorganism«* 

SE£§LQÌS_4 £* «il-.— Cont'd. 

ixaconic I~i:i -yX-X^i 

Itatartaric Air "pillas 

"-Kotc gluconic J^'-i'jL^ioruîs 

>-Ket02luoonic ACQ tob-ì clor 

cr-Ketojlut'r.'ic R^eudç/Qonas 

Kojic /•iDsrgrllits 

Lactic X'¿síí2kíiv i\\y.5 

yi^jfiim 

.'vs cerbio acid 
(vitamin C) (in 
part) 

«foetobactar 

P-Cerotene B^cke33.ça 

Bi2 .B.2n.íyj.is 
¿ÍÜ^i^nibncterjAia 
•ÍÍÍi'l?2ifI,lXC.q3 

Riboflavin Ashb.vu 
Jlrja^tbeciiJil 

jlrizync-s 

G-Amylaae A^cr/illus 

iaoill.us 

Ainyloglucosidasc 

Asparaginase 

nnd^raycopsig 

Í¿nA??r/cop.-iis 

Tische r ich ia 
f.rvvinia 

M 

If 

B 

B 

B 

M 

B 

B 

B 
B 
A 

Y 
Y 

M 
M 
B 
Y 

M 
M 
Y 

B 
B 

—continued 
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Ttòle 2.-Classification of Microorganisms Usçd fer the 
Commercial Production of .Various Materials -continued 

Product Genus Type of microorganism* 

Fnzymçs—Cont'd. 

Catalase Aspergillus, 
fenici Iliun 

M 
M 

Cellulases Aspergillus 
Jrichodorna. 

M 
M 

féyrothccium M 

Dextranase Pénicillium M 

Glucose isomerase Streptomyces A 

Glucose oxidase Aspergillus 
Pénicillium 

M 
M 

Glucosidases Aspergillus M 

Hemicellulase (Unrevealed) ? 

Invcrtase Ôaccharornyces Y 

Lactases Saccharomyces y 

Laundry enzymes 
(titoline proteases) 

Bacillus B 

Lipases Candida 
Aspe; .11 lus 
Mucor 

y 
M 
M 

Milk-clotting enzymes Ivîucor 
JSndothia 

M 
It 

Pectinase Aspergillus M 

Penicillase Bacillus B 

Penicillin Many microorganisms 

anidase 

Pentosanases 
--continued 
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Tabífc 2. — Clessification of Microorganisms Used for the 
Commercial Production of Various Materials—continued 

1                                           Product Genuß Type of microorganism* 

Protea&e §jff^s.\pj¿ys-sji A 
fíJjisifX} ins M 
H': cor M 
Conidioboli'5 M 

Streptokinase Streptococcus A 

%\isceliane<\r Froiurtr. 

Alkaloids CXavicogs M 

Bioinsec üicidec; fiCCÄllv.B B 

Dextran Jjeuconostoc B 

Gibborellin Qintorella ( Fusarium ) IÍ 

Inosinic acid Bacillus B 
Yeast Y 

Nucleotides Breviba eteri um B 
Torula I 

'Uîizobiuu colture Jihii'ob^um B 

Silage J/iotohacillus B 

Sorbose Acßuobacter B 

Steroids PMTi?Eilâ M 
transforme tions :Ì-tr c n to T£?JL

S
- A 

. _¿>Ì l.• ^ ^ ? te r i um B 
Asn^^niug M 
.hi rrnlarla M 

I                         A = Actinomycotic 
1                         M« Mold 
1                         B = Bacteria 
1                        Is Yeast 
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Problems In Maintaining Stable Industrial Cultures 

.•:,<a years of experience in handling cultures of all kinds, we 

belie/e certain steps should ho tsken as soon as a microorganism is 

isolatj'id  in ptire culture to ensure that it remains  in a stable state. 

Th^.'i • l<?p3 need to be taken ar, soon as -the  culture is brought into the 

• ry or isolated, long before its potential or lack of potential t-, I     , v'l 

!•; u 

The culture is examined under a dissecting microscope to determine 

;. ',  the culture  li  growlí.f unif.orm'iv;   (b)  that it is "ree of other 

. tJ nnicma ;   (c)  that if it is a iaoLd, r.itiue spores  are present; 

CMC  (¿} that the culture appear:: to be  the genus and perhaps species 

i~olai?d or named when received.    This examination will then determine 

the next step to be taken. 

2.     If the culture appearn  to be pure,   ahois vigorous and uniform 

growth,  and has mature spores,   Iluee to five ejipuien of the microorganism 

should be lyophilized immediately. 

5.     If the strain Is known +.o b • a r^Kber of n species cr genus in 

7/hieh lyophilizati.cn  is always success fri,  no viability check is needed. 

However it ie  good practice, even with such strains,  to sacrifice one 

lyophil   tube and to dilute or s treai: the    alture out onto a suitable 

growth medium,     The check on viability v,:.il snow three   ¿hirgs:     (a) if 

th-i pr^pagulos    have burvived in lar/r^ riu uers,   (b) if the lyophil 

p^oj arations are free of other r.icioorgfnit,ms, ruad fc)  if the regenerated 

TjltuTf  is still unifor    in growth and sporulation.    If the strain being 

preserved has not been lycphiliced before,   the viability check is a must 
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because some microorganisms fail to survive  this process and a different 

method of preservation must he used.     An alternative method mus1, be  found 

while the first generation culture ir-   still available and in a healthy s Ute. 

*.    If the  culture is recovered successfully  from the lyophil preparation 

or  from one put up  by another me thai such as  'Teezing  in liquid nitrogen, 

records should  be kept of   the proper medium  fe  growth and sporulation, 

and any other peculiar requirements such as   temperature  of incubation, 

length of incubation, etc.    For e v ample ,   the mold Blake s lea   tris pora will 

sporulate rapidly (>4 cays at ¿V C.)   but  often in a matter  o<" 10 days   the 

spores will germinate in place  and lyophiiization »ill be a compie it   'allure. 

The process works beautifully when the spores aie  processed when  they have 

just reached maturity. 

5-    The lyophil  tubes s'iould be stored at k or 5° C. and perhaps checked 

for viability at the end of each 10 years of storage. 

6.    At the   tin»  of lyophilization,   the  culture should be examined in  the 

appropriate way   to determine its  identity.    Sometimes   this examination may 

lead to species and variety identification but other times only to  the 

approximate species and genus.    The records  should certainly show ite 

approximate identity because (a)  it allows   the person reviving  the culture, 

perhaps years  later,   to know what was  preserved and (b)  it makes  the records 

more complete and,  therefore, more useful.     In some collections of fungi, a 

aicrophotograph is made of the  fungus at th*  time  of identification.    This 

is an excellent type  of record. 

7-   At the same   time lyophil preparations are made,  records should 

be completed showing  the following items;    (a) the name  of the organism; 

(b) where obtained—whether it was isolated in a laboratory or received 
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from another microbiologist and,  if the latter, his name and address; 

(c) accession number assigned and any other designation given to it,  such 

as a temporary number or other laboratory or collection number;  (d)  location 

and original source of the  materiel (where was the organism found in nature); 

(e)  special requirements—medium of maintenance,  optimum temperature, and 

other conditions;  (f) products or unique properties and approximate 

yields;   (g) number of cultures made;   and (h) references  if strain is cited 

in a paper or patent.    Rarely can all   this  information be assembled.    With 

time,  additional information will be  r^ede,     for  the record.     The 

data can be placed on cards, whicr. should    ;>e cross-indexed so that one can 

find a culture by number,  source, product,   and name.    Some collections are 

being indexed  for computer sorting.    With a large collection,  such as 

ours (35,CXX>f  strains), to put this data now onto cards would be a 

Herculean task. 

Records should be kept showing who uses a given strain in the  laboratory 

and to whom it is sent in laboratories at other institutions.    This 

information is useful if it should become necessary to obtain a replacement 

of a culture which died or degenerated, but which may still be in the 

original state in someone else's laboratory.    Written and dated records 

are also very essential on industrial strains, which may become involved 

in patent and legal cases.    For this  reason, we ask anyone .requesting 

cultures from our collection to put his request in writing.     When the 

culture is sent, a letter to the requester is prepared by the appropriate 

curator as a matter of written record. 

8.    If the culture does not meet the requirements set forth in item 2, 

the following steps are taken:     If the culture is pure but shows sectoring, 
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mm ttw nommifor» oulturw 1« lyophil laadj fcit a lac, tha varloua form» 

•rm l»elat«d aeparataly,  and «aeh 1grp« 1» lyophil!**! indi vidi tally. 

Sowetiaai* a het*roi?»»rr«.i3 culture cannot be separated  Int*   It* consonant*. 

The philosophy ••>'   -yophí i t t \iV th*» arotorinr cuistre is tt.; try to preaerr* 

all the cjnfjoncnt parts bece-wo t,yjt;sM^, Rt thl* «Ufe» you do not know 

which part you actually im/ neea  later. 

If th^ ^Hirr  !..   Ira-uiv,  jt»ih-jdi wust be used to rid the culture of 

ita contamina, U ej.j, r by û,\ -t^n  tr! pickinf *n taolaied colony or by 

picking one  r>r a f > » -u ;r» .     'r m a  /rating heno.      kxaaionnliy tw.>  ir 

more orsar.isrj Arc located (mixed culture) w,   for instance,   in koji 

starters,   ah*j- it :n\v be necessary to lyophilite  the total starter a« well 

as  Ita components. 

9.    Frequently, two different -netiiods of preaerratlon ahould be u«ed 

at the samt   tiiae.    For instance, we still carry some of our fungus cui tur«« 

on agar slants with period ir   transfers,  as we]]  as  in lyophil,     .lied and 

soll cultures are   >tht-r p ;ss .hi U*ies.    Vr.«  torn*-;-   crisis*  of agar ;;latv..   -uit-ir» 

covered »iti» steril?  niñera-     ii.     In the  latter,   ¿pores are placed  in sterile 

soi.:. or sand   md allowed  t..    n-y.     Jetai la of techniques of preservation 

require toi' much apa.»*  to -,ie.    -it«'' then hire, 

10.     If a culture  le  rfrrivd  Usât has degenerate t, certain steps need 

to be carril 1 out to obtain a better     ilture before it is put away in the 

collection      Perhaps  the degeneracy ta  ii. spomldttng ability;   often a serie» 

of dilution p:ates will pi-/»   HOCM? colonie« thit grot iv-re vigorously or 

epomlet«   wre heavily ir » natura:  -nanne r.     In »oar,  **spe*ially »Ids,   the- 

isolation of spores froei individual head* My lead to better culture«.     In 
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•••.h«•,  the fault «y bt the medium cr the growth conditio»«,    ìfcny 

.*r|*>i>pini and Penicillin grò» nomai ..y an<? vij.ori-usly en a synthetic 

;ii"alu:i;   however, ;iome  'iH'ires,  »vt?n theu^n t/'cy fero* and fruit on a 

•V-'1« *i' '-'-iiiM'% wi'l cir m :C>, VtM- if î,h<  r-frcrir  contatos organic 

-• i*rr->-n and fuwth fa: ton-  in  t,v.  frîV ,,*• ^it or y-..,at extract.    This 

i-«»:-.v î/;- may n^ivbuit a N»U»-r  iVr- -u  -itr^cu. • r it -nay reflect a 

.:.rt' •••»   -/itaipin defi-.ie.ipy  th *t hn.- Wei; T-.«2\-omf . 

•W belie-e that H is .<ppy ±r:".«»to tnaw we 1 irt a number of principle« 

V I-' <*• conrider iitportar.;. ^r tí,« .ultiva„i„n ..f Tvin-r-organian» in order 

t i eíi_;-;re vigorous,   heaUhy,   'jv  jl*b>   .-friera. 

I.     ?':>r the -na in tenares     f nt.ck cultura   )  ¿.^-.íicaily undefined, but 

r-?pr:HÍuiible,  stock .,ieiiuir. U  bet>r  ihtn a synthetic  ore.    A -aicroorganism, 

na   lt ce curs  in nature,  .\lr.c«*t alleys is; grewin- on an unnefined substrate. 

"i:isd mediur.! wUl -nore  likely sel, .t :í certain pert or- the genetic 

;   T-.-1r.tior..     The result :r.av roi:   J-v.cr th,> yield of ^„   desired product. 

¿.     In general,  a ?tor.^  culture -íeai.v. jh-ul ' ^e n.,  nor»,» nutritionally 

*-•    -   ^.-u-   fF required ix> perpetuate  the c~ I ture without ch^ge.     Thus, 

•••«•   »'or other :n: ,ar)  -i eu^to'.nrilv -x.-ludrtl,   ;r  if ¿luccne is essential 

" u   i:i for lactic e eia bt-cv-Lî),  e Uu'^Yr i?  incorporait d to control 

•   ..H.     Tf the pH were -P.lowed  to drop,   the ..r>ngev3 tv of cells .night be 

.   i; -rou.    Wcrsp yet,   the population i-r?alance Mentioned in No.   1 might 

• •  •   ••    u* destroy the us<.-fulness   >f the culture.    Appropriate media for 

; •• *.'tu a variety ^ r.icrct ^rj-.isrs are >'iv» n in p. paper entitled "Maintenance 

u'    u] Hires of industrially L^«-t .nt mierrorganisms"   (Haynes et al.,  1955). 

*>.     Stock culture?; .-re usual tv suV-^tcc to two different sets of 

•éditions.    First,  they are encouraged  b:> grow rapidly and vigorously 
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ft* . »l.«•ly te, ti« by incubate them 5t or M.r ^ (vtta- 

tarate,, „d. If they are aerobic, „lei, them ^ ,0ces9 ^ ,„ 

»en they are induced tc slo. down »^l^Uy by s-orin, them for , 

cc^aratlveiy long tlne „, a I,frigprIit,)r and ^^ ^ ^ ^^ 

their access to alr bj 3topperi^ ^ ^ ^ ^ ^ ^^ ^ 

alahee. Stoppering au-o Linde,, loa. „r «isture ,ro„ the cult»». These 

variation, are not too much different from those the, encounter J» „ature. 

In any case,  they see, n t V nan, the mic.ccrga,,-,«*. 

» PH of th. mediuw !. ai,o important,    ««rul.^, bacteria 

are grown in neutral media, molds in unadjusted media that have a pH 

between 6 and 7, and yeasts tre grown in the vicinity of pH 6. 

4. When ne» cultures are started, inocuta is taken from a »ature 

«Ite.. It conaiata of a small amount of growth of yeasts or bacteria 

•» for »olds, . f„ ,poreo rtthout watllm¡_ 

Problems of strain Degenerati• „vi frr 

in looking back on our experiences Involving the loas of pure cultures, 

five causes come to mind: 

1.    Contamination by other microorganisms,    *e have .„countered „any 

cultures reputedly pure but „Men carried a second microorganism never 

.epareted fro. the original culture „t the tlm, of isolation,    This situatic 

1» particular^ true .hen colonies are picked fro. dilution plates In ,hic:, 

an Inhibitor was placed in. the medio» to contre! bacterial ,ro«th.    Often 

colonies gro.tag on the surface of the agar plates .ith tetracydine as a 

bacterial inhibitor appear to be ,eU isolated and pure,    v.hen the colony 

U Picked off, however, bacterial cells that are dormant are removed .ith 

it and then .hen placed on a medium free of the inhibitor gro. ag.ii,.    A 
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bacterial culture producing a thin growth may be obscured by the more 

luxuriant growth of the mold.    A common cause of contamination is the 

storage of cotton-plugged agar slant cultures in refrigerators.    Often 

in the sunnier the air is warm and moist.    When the refrigerator is opened, 

moist air enters and upon cooling condenses upon the  labels and cotton 

plugs.    Some penicillia can ^row or the racist cotton and the labels at k to 

5°  C.  in a matter of a few weeks.    When they do,  the conidia present on 

the tubes make pure culture transfers all but impossible.    If sufficient 

time is allowed, mycelial growth of the Penicillia will penetrate the 

cotton plug, where they sporulate, and conidia will then drop onto the 

surface of the agar and develop new colonies. 

2.    Infestation by mites.    Certain species of mites feed on fungus 

spores.    These mites are extremely small and can barely be seen with the 

naked eye.    They occur in nature in decaying plant material and are worldwide 

in distribution.    When an active program of isolating fungi from soil, 

humus, or moldy plant material is going on,   these animals are often present 

as adults or eg*3.    If care is not taken, the mites will travel from the 

contaminated material into Petri dishes and test tube cultures.    They 

invariably carry various mold spores on them and they appear to be attracted 

by the odor of certain mold species.    Even though cotton plugs are a good 

barrier to mold spores,  the fungus mites traverse the cotton plugs into 

-nrre cultures unless  the cotton plugs are poisoned.      Besides contaminating 

a culture, they will  lay eggs which hatch in a few days and the young will 

migrate into new cultures.    Thus,  in a relatively short time,  hundreds of 

cultures are contaminated and a whole collection may be lost.    If the 
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Infestation has not spread too far, the contaminated cultures may be 

destroyed, but many other cultures that appear to be pure will contain 

mites, and the contamination will reoccur.    One, mites are introduced 

from natural material or have been introduced from culture« deposited 

in the collection,  they are difficult to control.     The best solution is 

to prevent »ites  from becoming free in toe laboratory by quarantining 

all suspected,   contaminated material *r.  , location away from stock 

cultures.     The same precautions should b,- ta\en with respect to culture* 

received from outside the culture  collection.     Tne   further precaution of 

poisoning all the cotton plugs of -took cM\reB shojln be observed. 

3.    Phage infes ¿ations.    Some strains of bacteria and actinomycetes 

carry phage in one fora er another.    Generally,  these are difficult to 

detect, and it is even harder to free the culture of them.    At one time, 

yeasts and mold species were believed never to be infected with phage, 

but this belief is now known not to be  true. 

h.    Natural selection and mutation.     Chafes in the genetic population 

in a culture will occur in all microorganisms.    It is our personal belief 

that some of these changes may be prevented by the use of more natural media. 

For example, in our collection of Mucorales no chan e .appears to occur if 

the cultures are carried on a potato-dextrose-salts meut urn.    Some of the 

lfcjcowles will develop sectoring and sterile growth  if cultures  are 

carried on a synthetic medium.    Culture rundown frequently occurs in some 

of the specie., of Pénicillium and Asper^us.    (nee  this process has gone 

to a certain phase,  it is impossible to regain the original form.    For 

example, some three culture lines of the  type strain of 4,   parasiticus 
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NRRL 50e are poor aflatoxin producers, but the same strain carried under 

different cultural conditions in two other laboratories over many years 

i1:: still a good producer of the mycotoxir*. 

'•.    Untrained dtaff.    Probably as serious as any cause of culture 

•'ailure is  the handling of  -ulturei; by untrained perrons.    Often media 

i • i rnpropc-rly sterilized by people \ii •:• do not  comprehend  that sume complex 

'•..-•>ija require more heat than ethers and tint the larger the amount of media, 

rie more sterilization  is needed.     Some times  inadequately trained people 

.ii.st ao not Know how to transfer cultures so as to avoid contamination. 

fton  they transfer a  large mass c f spore« and mycelium of a mold causing 

the whole work area in  the transfer room to be filled with spores suspended 

In the air and on the table tops.     Only a few spores attached to sterile 

agar on a transfer needle are needed to start new stock cultures.    Some 

H'ieroblologists do not recognize even the microorganisms they are working 

with.    One prominent microbiologist has estimated that from one-third to 

••re-half of all the work published on bacterial physiology has been done 

with contaminated cultures or with the wrong species.' 

Physical Conditions Affecting Microorganisms 

The physical conditions  that affect the growth and longevity of 

microorganisms are the same e.s those that influence other forms of life; 

viz..  pH,  temperature,   light,  humidity,  pressure, oxidatior-reduction 

potential,  surface tension,  and radiations.     In the context of this discussion, 

w>   are interested in the effect of  these factors on the survival of microbes 

in culture collections and while the organisms are j¿i transit. i: 
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In most modern culture collections, stock «trains are carried as 

lyophilized ffreeze-dried) euitlffe8.    Essentially t, lyophilize a culture, 

microbial cells,  ¿poros,  or. .omettes, portly of B,tóto are appended 

in a promotive colloid-such ,s blood s3na! or aWr. ,11k, c.uxetfy frozen 

at about -*>' C,  and dehydrate 1 b,  allewln* :,ublì,rm ci. ,f n.oiet-ire 

in vacuo.      The drierì r.^nnw, H,^ I  -í~   ,„.I   J «.       *"c un«>, i-, t- jaratiO'.i in sealed unuer vacuum .«uvi stored, 

usually in a refrigerate at - >,o  10* C.     In the 3vo,hiliCod stato, 

microbes take on ,onu    ,   the propese;, of bacalai endo^ores become 

less susceptible to extreme, of tarature,  dr7no,3,  ,nd radiations, 

fliey are safe  Trum contamination,   changea ir, premure, pH,  humidity, 

oxidation/reduction potential, ai.d surface tension.    rnoy can be shipped 

by land,  sea, and air in temperate,  tropical,  or frigid climes without 

lose of life or change in character.     (See Ferae 11,  i960,   :'or a review 

of methods. ) 

Some microorganisms cannot withstand lyophilisation ^ rust be 

maintained by other loss convenient means.    One thr.t hos core into use 

in recent years,  and that has nomo of the advanta^e-i oí   lycphilization, 

la preservation ty freezing a* storage in and over liquid nitrogen 

(-I650  to -19/  C).    The fun raagu o~ picrob'al t>V33    hut, ou» be 

preserved in tM* inlimer ,.  r.3t yet ^.m> ^ ^ fr,tldlcua £orm 

that fail to survive lyophili za.icn have remained viable  frr l0Iig periods 

In liquid nitrogen refrigerators.     For instance,   ,0,, Au:gu, culture, arr 

reported still vieble and apparently typical after b years of preservation 

(Hwang,  1966).    Ultra-icw-temperature frozen culture; are ^e.led in glase 

vials or ampules so they have essentially the same protection as lyophile 

preparations against contamination and changes in the physical environment. 
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-o./uvjr, they mußt be shipped In speda? trueles,   freight cars, or in 

vn.-t, o?.   liquid nitrogen refrigerators because it is only while they 

•^    , :•- at -l6'j°   to -195°  C.   that they are tmarded against damage. 

• ''.••r„   \ the method is less convenient th¿n :• yoph i â.^-•''''•"•,   it ij becoming 

•;•'<     ¡..   e coirnon because it is a till, better làan alternative me'iiods. 

';'..-": of alternative methods is still inescapable for microbial cell3 

•¿not be preserved by e ione r o+" the  two techniques already discussed. 

.'.ternatives have been in HS<J Tor many years although more time 

;\j and subject to hazards that are minimal or absent  in the other 

Vì'JGS.    Basically,   there is a jingle technique but with modifications. 

v.  :.'.  i-i3 serial transfer method by rhich some growth (ve gelati ve cella, 

:T-'c.i,  rrçrcelinra,  tissue)  is transferred from one culture (apar slant, 

ag.vr scf.b, agar plate, broth,  tissue culture) to  freah medivm, allowing 

the a-- culture to grow under optimum conditions  to maturity,  storing the 

n«     ;     -;}; culture for a time,  and then repeating  the cycle.     Storage usually 

r,  Jn •;-. refrigerator (5°--10° C. ) but aometimes is at room or some other 

l .•Mcerntare.     The length of time between transfers varies, depending upon 

•:.h<! n-.tux^ of the strain, from one or a. few days  to several roonths or even 

year.;.     Often the interval may be  Lengthened by preventing dehydration of 

:toci: cilturss by covering them with mincxal oil   (;>jl<;d cultures) or by 

•"h   1:.'   the culturéis witii rubber stoppers,   corks,  or by impregnating the 

eoUor plug's with paraffin.    The rate oí' growth is slowed by refrigerating 

! ;      :"lh;res,   thus minimizing changes  in pH, and oxidation/reduction 

V-itniini, and reducing the danger that one or more cells mutated by stray 

;-.-.••: ir ti ^ns (cosmic rays) will gain predominance in the population. 
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These are the principal methods of maintaining and pre a* rv in« 

cultures, and they all succeed  te, nom* degr* c  in miniisUii^ ju^t to, 

or loas of,   life oí   V\:UVT>.-F.  by  inimical physical  •ondittona. 

BMUfrtiona ^P^^DgpysU of OüUvjf, forfait lu«*»«»« 

One activity  in wMe'   many o-   -.h-,  larger c .Hur    :ol levions  bee«r 

involved is  the handling   <•:   cui two  of ^.-r^-gantan*   leposited  tn 

connection with patent appi letton*.     In .-cae countries   !t i, dt.irebie 

to deposit a culture,  ..*•  necessarily « high pitxlucr > f a product,  with 

a recognized culture collectif.    This leponit  Is   tu unsure that a prò«..* 

being patented is fully disclosed v   the rubile.     T.: other »orde,  a 

fermentation proceaa is not considered  fully operable until * cultura 1« 

available for use in the process. 

Over the years, we,  at the Northern Regional Sesearen Laboratory, hav 

developed guidelines regarding  this culture volleotiun activity.    Tney ir, 

based on considerable experience and alan   ,n conaul tat ions with inventora, 

companies, and patent lawyers.    These guidelines art- updated  from ti» to 

time and are not to be construed as being final.     Ine  latest reviai m wtm 

on September 1,  1969. 

Procedure, and ?o]U^ for Deposition .r ^¡^ 

The ARS Culture  Collection nerves ar a depository for 

cultures which are involved  in fermentation patents and,   therefor«, 

will be glad to receive such a culture  in connection with a 

patent application.    When such a culture is  received it ie 

assigned a number In the collection and is maintained thereafter 
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In * living state.    lunediately after receipt, a letter 

is written to the depositor advising of the number assigned 

and including th* following sta*»ment: 

Furthermore,   insofar as in practicable in 

carrying out the business of the Department of 

Agriculture, we shall refrain from distributing 

this culture pending the issuance of the U.S. 

patent to your Oorapany, with the exception, 

however,  that accesa to this culture by other 

parties will be granted upon receipt of written 

authorization from your Company specifying the 

name and the ARG Culture Collection designation 

(MRRL number) of the culture and identifying the 

party who is to receive it. 

More recently,  in consequence of a ruling of the Patent 

Office,  some depositerò have used initially, or have 

requested replacement of the paragraph above by, a sinple 

statement such as; 

As of this date,  the subject culture(s) will 

be made available to anyone who requests the 

same. 

The ARS Culture Collection understands that the ruling 

referred to ¡-.bove is being appealed, but c final decision 

has not been reached.    It is suggested that you seek advice 

from your attorney as to which type of statement you should 

use.    Either one of those statements will be written 
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depending upon your wishes.    The AR? Culture Collection 

letter then can be attached to the patent application for 

the Patent Examiner. 

Curators in the ARS Culture Collection do not attençt 

to make an ider-tif ication or to name aro' organisr that has 

been deposited in   •or^erti-.n Hth a patent application,  nor 

do they carry out recare!  i?ork with such deposits -uiiil a 

U.S.  patent issues,     it is not necessary,  of courte,  to 

provide a precise  identification, but. the nsiorobiclogist 

concerned should at least stat; to what genus  the 

microorganism belongs.    Also,  if special media art 

required for its maintenance,  the eurn^ors need to know 

this.    Ordinarily,  one or two. agar clant cultures and/or 

one lyophilized preparation are received  from depositors. 

Depositors also are responsible   for resupplying material 

should the need ever arise. 

The depositor na¡;  the opt'on of sending cultures for 

deposit in the A. •;   o:itu>f    '  ilection in three way«; 

1.     Thirty  IvopMUze    preparations,   clearly   labeled 

with the deposito*-V     -tfina    rr«!''   ^-si^iation «*<<1 

preferably in tubes r,    : --ppr »han ? inch*!.,    '»m» of theee 

It checked  r.,r viability,   Ur if-.Ri    íes ienatin*  i# plictd 

on each tube,  and  the ¡suppiv e«' tut**»  1* «torwit el  y.*-*  ?. 

J&û£  fide  letter request»   •"• r  tft*   .»wlt^r* wo-.ld  '•  sMpfwd 

fit» thii «tock. 
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2. Ol» lyophilited preparation, cl«%riy libiti 

with the depositor's original «train dea ira» tin«. t*n 

receipt,  the micrivr.'anis-i   Is   -uHlvated on appropriate 

ìp%r mñíñ and  Lhírt>   */o;tf í 1 i.'f<i préparation*? mût, 

of   these Is   -lucked for viability, tí* ram*Inder hajiált4 

a¿- ììì option l. 

V    nne,   ir pr"'e/*bl.y   tw~,  e¿%r alarst cuH'oXt« ôf 

the i*<oroorr'*v.ii*T irw^' ~»n -* approrpr'ate «-»divi». 

•-•ufr'.oient -í»y»*"N:   S;, yrep".^ ï-y «.ir   •  r*.tora V- -aejn 

thirty  lyopM i ' r   "* i>r**p*i*   ti-trv.   ^w*  î§   -.-íwokíKl **c»f 

viability and  trw   re-aa indar arv-  'landìed  a«   ir, -jption« Ì 

Wid ?.     #h#n  the     ï . t * Ì «i i  ufa:-  ,«la¿H e   !    .r*e  <t«f>>«tt*d 

appear i 1 tabi«,   l^rj«n H»«tioo§ -, tut* ara) ra*4* Crom W*% 

«nateHêi. 

Hiere  lu no ohart» fr*r tt»  Wpoait or «• üitamna* of 

-« Huret. 

JulVir»*   I*p-*IW4   ,'       nn*»^ t bw »lit- i^»t««t «frf H Mitant 

muy  S» ftí-ttU»',    '   *" -, *;f< »   *v   '*',•,*•    :• ì »él 

* latini   *Jh»  ->*»•"•    *    •-*   ilT    -gmr.Í«* ani.   *Jtm Ah    HtSMf 

•-•!!«*• It*««   «trail*,   .»-i, na* . i     *" '**    '»-;**. 

Us* *%,   N.ttait*   • -*l-  *1  r  .»•*» •* t  imm-m a   *Uiof 

r \i»\      It haw   •**   **g<ti^r,*     s    -|  »i.^  »••^tr! -fiata« <* 

»,-he y#« ?•-!'   »'*•*••    •>.¡%*r»*   '»i«.*   •• !   • -r   pala- *   }• «ra***« 

•   .*!•  »ato-ta:.«   »r*   H*"ft* *••.!  a- - -rîtiw   t.    '..**   t^pMattjer*» 

- int»« *  afvl.'i-.,    Ir.   ;   r«     |-rr**-r%   '»   -. r>   -**• *    ••*•»  hi§ 

ih%*rfg>9%*%tm* rtf patemi «rf i^*  w »*4 rebaja» t#      »ita .>f 
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«Mil MU ri al«,  osti dtt tribut«!,  tpt *jm nutponaibillty 

0f ti» r*qu**trr      "U»*Uì»S   n*   „ , v**tt--«ì ly mow  fro« 

«V rwolrlctWr    • *ü..K«V,  or% r   •. .  pitmt   '«.tu»* iter* ti 

. I-in»   ?.*,-•, •   -   -*,     *«.'«  *t>-    v-n  ^ Uiternttloittl M»r^ 

ml1,  t r—"- •• •-        •'•!•- ?•.    „e «, + M-i       •!    ptirn of 

itwft 4»   *  *   kmmrìm-   ;>p.-      i.uor»     -IW U,.«i  in  «rw  "nit**:   'tftt»«.   U» 

varie** »'».'«l    • :i*-v.  m  tr  r:t».ì*ifc,  %«vi  tht   ïMftuV    -r »VrwntaU-?. 

I»  ¿ip»n *r;.    „tr«Ì:w    • r-   *!»•     1    .'t    t •«>;'*,     MI , 1 ,    n^ • f « ».,»,. 

«OlUctlOfW   «t>       v   ',» .T;     .I   *   .rttU-     #»      »•i.uìr   «   '•*  «J   f.TfMltWM, 

priaBrUy   for   U'-i»-    **•   r-**«r->.       îr   t*# —- ti«*   ti»   Urf# 

«OlUr*U>fW   >••*••    .«»«Tiri    t      ,      r«    y.      p..   %,,^   „«„.„   SM.rJ   ,lttl   pto^lj^ 

•htfit.fi»     !,«r       -'Vif.   .«    ir,»»   Mwy tiri**  »t  tft*tr   tosttMllona 

»««••fi   r  T   -!   r--    r,f*M**ì    ** ,   In   UK   •ta»r*ii'«4tir«l   ttttiàtWy  te 

«J»»}«   v«      ,rt**r      r. *    -tn ,W-*.    -»f)    fi"    - ''    tf*    *< , r*tt»*    **4   Ili   tí»   •'tuli, 

Mio      -.i*f»t*t; *• i m*t ..<-,-.    ..¿Ä*        r    {.,•   u   v»    »    >   *ndv**r puMt-- 

l«,    -r   i^r : T ** y*4      tei»»,   %?«•   pivfii^Mjr   |r,     >h*r 

«KB   th#lr   m^-»fì* .-      *t» •«• .»y    ..     ;    ^ <%&.»*• » »••*-#.r   t/»   V»   '»Rlfcwl 

*t»   ««jH-jr*.,   wrid   ìJI *,«««»   if«?»-«-  r*   • r  ' *ii-- Ligie«:   *t>mnU  *fW 
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•:*."    These are discussed In a brochure published in I966 by the 

r*s».i Type Culture Collection.     In it four Departments of the U.S. 

r T.uïr.t—Agriculture; Health,   Education,  e-vi W.-lfare;   Commerce;  and 

y--are lis tor, a& • , i;¡.erueu with replut: r.f   potentially dangerous 

- "iiiiSta.     Pwi ^íVI'ííPTíí   -.   ',hc ".:".    ; p,irumon+  ~f A^e*. Itore are 

" :,     They Are ciitigt»'-1. w;  h r<--r,pr-uibil; -./ i<-  r^fj  tant "ne organisms 

-'>   'nti^ducv    >r -iLr ;:i.'na.+»   aj.y   •c<í-t«»--;*o ir rr  inf^-tious diseases 

•-r«.'1;.   tr/; lud uif* to'Atry). , .."L? .11  re inxcit-^  intj   -,r. •   '»\ited States 

u •}• ->rttM : ron, n».    ' «*> r.w-. .. t "> „XTU.SJ Ota*-, wlt.houx r. pei'iit issued 

r\an aul   " . ,:c .;.. 1'anc-"- with tl/s -/'.í:  t'uer-ecf. '    The Plant 

.• .•.' Alvisio:', ^f }ui"ê;; a permit for tb»; rxve-ent   ¡-' an;' plant pe3t 

•jir :urh  uhe United 3v,¿.,   ^r any   . f it..   l--ritoi-*  / end possessions, 

al mituTfcà XT*  ine'vi'lei   in  the definition of   'ho term "¡,lant pest." 

/.   !*ubiic H^R1*
U
  >ri'ic-? of thr; bepai T,r nt of "i"H'tli, Education, 

'*ar# through its L'i visi or. ->f Foreign '^lar^r. iine enforces regulations 

.-r.t  •V  introduct^ou   via  ; pread    :' zovsrvn'.^bi;* àifvr.3P from 

rtH*»<    inte tac   r* i-»  :  -    ater...,   r* 1 -*OT:; one state to another." 

•* i >av.'<»r   a law T.rú • >  T*.:.t*j. , ''A  r.-r^o*1 chhll not  import into any 

'..;er ta"   '••>ntrol    '   t".e ''nitri .>tr;te%  n-u- e" in tribade after 

fi  >•    .sj-sy i»t   •>)•" ^ •i,-**-'       •-•" i.iLW, r.ioerf;e   .. «nl---»ns eccorapanied 

• "t 'fS",« J DY th*  furgón 'im^ra.. " 

rrliwiry   -OB. -eni- „!:        -iartnent of J >ranerce,   ae it relates to 

¡f i  ^ j-   livln*:   :  it',.'v.j,   a:'** «.' <Vj;uardinr* our national security 

* * * : »|f our 'or-i^n p.^I.->.•.     It  i&suc.-ü ?   'eneral  license to U.S. 

•-.*, «hi -h H*,tht^*lï*-î.    h»   ><p,Ti,   -•'  '^vint:  .j-.Kur*-» to all friendly 

> • I >w ,    -îpeat»!   'val ida tri"   ', icenaeß are reo aired for the export of 

•'.lu«p#»i¿  te * t#w t» ti una. 
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Shipmente of living cultures are free of customs duty.    The only 

reasons that the Treasury Depart* r.t,  through Ita Bureau of Customs,  is 

Involved are,   first,   to determine  if the cultures are admissible to the 

United states and,  second,  to refer them to other governmental agencies 

for examination, permits,  and release. 

Some U.S.   regulations specify now pathogenic microorganisms shall 

be package.     The intent r,f thcae instructions  is  the same as  those 

governing permits and license;   i.e.,   to ensure  that etiological agents 

do not escape and endanger Uie ^ublic health boa agriculture. 

The reasons we hav* ôeV-.iïec   thr -.Hed SuiUs agencies and their 

requirements are that we suspect other nations either have similar 

regulations or will ultimately pattern theirs after those of the U.S. 

It behooves culture collection  -amors to be cognizant of such laws,  if 

they wish to avoid difficulty and delay in receiving ano sending cultures. 

In perusing culture catalogs  from several of the larger collections 

we found only three  that make any mention of possible need for licenses 

and permits.    One  is   the Catalogue of :.trai^ 0f the American Type Culture 

Collection (1968).     Another is the catalogue oV the Culture Col W.tinn nf> 

the Coarponwe.ilt,h Kfrcclogica  Tnstn.t.   (196p) and  the other is ^ LU% 

of gu^ures of the Centrar-bureau voor Schimmelcultures  (I968). 

Inasmuch as no mention is made in catalogs of other collections 

(Argentina,  Czechoslovakia,  England,  India,  Indonesia, Japan,  Germany, 

Netherlands, Scotland,  USSR) about the need for licenses, permits,  or 

customs arrangements,  we suspect  that ,-ither such requirements  in countries 

other than the United States and Canada do not exist or else enforcement io 

ineffective.    If true,   curators need concern themselves only with safe 

packaging and labeling of cultures destined for most nations. 
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The probien» to be overcome In packaging are the selection of a 

sturdy mailing tube or carton that will remain intact in spite of rough 

handling and   possible exposure to moisture, and will protect the enclosed 

cultures from breakage.    Additionally,  the container must be so made that, 

if,   in spite of all precautions,  breakage does occur,   the released 

microorganisms cannot escape  to the outside. 

Although the requirements delineated may seem formidable to the 

minitiated,  curators ordinarily have little or no trouble in obtaining 

< lltures from anywhere in the world or in sending cultures to anyone 

who has a legitimate need for them. 

Literature Cited 

Anon.     1966.    The packaging and shipping of living cultures.    A round 

table session sponsored by the American Type Culture Collection at 

the American Society for Microbiology meeting, Atlantic City,  New Jersey, 

April 26,   1965.    The American Type Culture Collection, Rockville, 

Maryland,     55 pp. 

Anon.     1970.   Catalogue of Strains.     9th ed. 

The American Type Culture Collection, Rockville, Maryland.   2U3 pp. 

Anon.     1968.    List of Cui tures.    2?th ed.    Centraalbureau voor 

Schimmelcultures, Baarn,  The Netherlands.    262 pp. 

Anon.     1968.    Catalogue of the Culture Collection of the Commonwealth 

Mycological Institute.     5th ed.    Commonwealth Mycological Institute, 

Kew, Surrey, England.     l62 pp. 

Fennell,  D.  I.    i960.    Conservation of fungous cultures.    Bot. Rev. 

26(l):79-iUl. 



- TI - 

ItejmM, W. C, t. J. floterhta, aaá e. f. KMHUIM.    1*55.   ftfeiattmitoe 

of cultures of Industrially important taiaroorfanlsüt.    Appi,  Microbiol. 

3:<6l~5é<\ 

Hssseltine,   0.  W  ,  :•    \   H.yms,        \   #i.:k#»r..«4«,  *nd .*    T.   IUU.     1970. 

History,   policy, ñ:é vigmf' :anrt- <..*   tht  .,VH»   ,>ijwe   .olicrtiun 

Pro«,   iTiterti,   Com,   .-.n   >ntur« (Mictions,  Tokyo.  Jap**n, October 7-12» 

196^.     In prep«. 

Hwang, S,  H        o6í.    i.^nr-^r-n preservation c-í  t\mgm  -^turws with liquid 

nitrogen refrigerati o»-.     Appi,  Microbiol.   1*; f<%-?86t 

Psppler, ri.  J    (m.).    1967     Microbial ffcchnolofy.    ft#i«hoia Publishing 

Co., New Yö~k,    khk pp. 

Prescott, S.   '\ , and       .,. Duro.    19^9,    Iaüistrltl Microbiology.    >d «4, 

McGraw-Hill,  Ne« vork.    nk   pp. 

Ssáth, 0.     1969.    AJí int.-^uotJon to Industrial Mycology,    6tto «4. 

St.  Martin* a Prt-i-ö,   M* 'r'-r»,      }<jo pp 






