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processes bas?d on 

f t r ..... c .. ~~ c.. t i ~: -. :. ~ t; rt ~ c, r ..... -, ~- e ' -~Lt ch ~a"' t ~. e 5 2 :T: e 

fun g 1 for SCF 

For e: C;r..r ' e tl:e 
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f~_1 r~c_:1, 

2nd unli~e funo1 
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f~r~~nt~~ foJd~ and to eva!u3l2 their use as prod~Lers of 

SCP Gn stare~; SGtstratEs. 
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(a i To e :: 2 ,T l r· e c l 2 s s i f i c 2 t 1 on of the or g a rr1 s :7:: 

lb) Measure~ent of amvlase activity in d1fferen• strains: 

( c ) En vi r Gr, m !:: n t 3 l f 2 ct ore~· cont r- ad i ct i n g am y 1 2. s e product i c n ; 

(e) !~olaticn cf r·e~~l2tc~y GLt2nts produci~; high levels c' 

?. i'i >' 1 a s ~ . 

of centic2!ly engineered t10-prod;cts. In this c~nn0ct1on the fcllc~1ng 

activities could b< ~nderta~en: 

Variation of me~bra~e perc~abilitJ as n fun ct 1 c r: of 

( b ) F' h )' s 1 c.J c ~ i ·: ? l c h ~.r " c :: e ,- i ::. t i c s o f u, s· c e l ! rn 2 :': t, r .:; n 2 

(c) Mechanism of ~rote1n excretion by lactic acid bacteria: 

Cd) lso!~t1cn of ~utants cap~ble of e~:reting proteins at 

high-I EVE!. 

prod~cing 5tra1ns of lactic acid bacteria, the follc~ing steps 6re 

nece;.:;:,eirv: 

l • De·; e l a p ,~,,:; t ; , o cs f or l y s 1 n g t h e r e l ; c:: •• 
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2. Isolate and ch2r2cteri~r the pl2s·ids: 

...:•. 

4. 

c .,, 

6. 

pr-0~12rt i es, i.e. 

coding for the ability of the strain to ~rojuce 

(cl if amylase ~reducing p!~sm1d e;i:ts, can a high ccoy 

nunber ~L!tant be isol~t2d which overproduc~s 2~~=lase? 

Can an1 of the olasmids found in 

str21ns be used to construct a cloning vector 

applicable tG the£~ orc2nis~s~ 

In to 

Techniau2s to tran~for0 the 

prapop!as~s ~1th pl2sGid D~~ ~o~ld be cevelcped. 

Fwrriaticn of clot;,;; bank-:: . .:tnd g~nE· i::.olation. 

would also be condGcted 15olate the GEne res~cn~it!e 

for amylase production whether 1t ~o~ld be chromosomal or 

pl2~1T.id linfew. lh1s gene co~ld then be cloned into a 

high copy nu~ber plasmid for ma~imu~ expr2ss1on of the 

The genetic regulation cf am/lase prcduct1on 

would also be examine~ and the gene could possibly be 

lirded tu an efficient pro.r,otor. 

The above-m~ntioned studies are designed to acquir~ the fundamental 

genetic lnowled~E ne:essary to apply t1otechno!agv to th1c p0tent1~lly 
useful orga~isn. Tr, e stud 'I sh o u 1 d al = c l t' ad t c• a st r a 1 n ,., ~' i ch i:; rod :1 ·~ ,',, 

h i g h I e ·1 e I s o f 2 ri '1 ~ .:: ; t: ~; h 1 c h c o : , l d t h ·? n l; e e v a l u o- t e d u n r1 e r f e r "' e n t ,, t 1 .:; n 



- 5 -

In the process of evalu2tion of t~e 2~\lase superproduced strain a; 

the 
fcllo~1ng act1v1ties should be ~n~erta~sr: 

(al Ide~ti ic~tion of the process paramet~rs; 

( b) 
in the 

!d! Set t~s critsr1a for ~c2!ing-~p. 

sc;df, et.c. 

Ac 1n~icats~. t~e fund: co~!d be pro\ided i 11 

J fl by 



- 6 -

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

Concept [!LI i\n tit]' Co~t Source c,f 

us .t funcin·~ 

----------------------------------------------------------------------------· 

,... 
5(1 C"i ,f_ 

Scit:;-,t. t:quipr::. Ct:ntr l. f i_,_·;es E. F. 
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(dE"·:el op1 ng 

country) 

Technician 

2, 000 

4, OOC· 

2 m/y 8' (Ii)') 

88 'l)(lij 

"') m/y 4 I (I i)(i 

Host 

Host 

I - .._ 
Le;;..!• 

I - L 
L. d :..~ • 

Int2rnzt. 

Host L2ti. 

-------------------------------------~------------------------------------

1 r: v 1 e w of the ;, at u re cf the pro .J e ct , a go ei d r o or d In ii t In q ,;, e ch 2. r11 : ,:, 
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~art1c~~~tirg 1nst1tLt1Gns. It is envisaged that four ~or~ing Geel1ngs 

w1il b::· G7'"0dt:i:.:·d (a~ t:12 t:ieg1:-,n:n1~ of the prcject and at t~1f2 t.·:id o~ ?J.:1 

year). The p2rticip2nts 2t the Geeting shGu!d be the senior and junior 

involved in tne proJect. Ta reduc2 cost involved, the 

meetings s~auld be held at the f~cilit1es of t~e ~Q~t centr2lly located 

i n st i tut 1 ., n . 

6 scientists ~111 be involved. 

: -:: :_. ~' ~· ~- c. h ::: c t l ..,, l t i :.' s l' c: ~- 1 3 6 ~ Or) (i .. .+ 1 ab . 

6 scientists ~ 4 0~etings 

,, u s .t 2 ' (!I) 0 us .t 4 8 ' (>::.") 

us :t 10,(1('0 

us :t 2 i)' !)(JI) 

TOTAL u s ~- 6 4 :? '.) ;) 0 
--·-----1.--·-

The act1vit1es foreseen 1n thP prese~t proposal are e~pected to be 

initiated cccurrertly with the e~cept1on of those involved in th~ 

It is p ! arrned 

should be adequate to have an analvs1; cf t~P 
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c r E z.. t_: ~ .. :: 2 r 1~ ',cl ._ .. ,_, - l 'r c ~ r l c 1_t l tu rt..' -~. n d \'i E: I 
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1;. 

..-. ,- •= L _, . ,_ :: pi c ~: l ;:_' ~ ~ - " -t: L : __ • 

::::c.,-:-.. -:-1::::=n in 

;';·; .... •.,· c \.' ! t ,_! .- : :: .• 

t ~1 2 i r- d i e t . 

1. ls 

.£_I the dige;tibi1ity -! u. the e n d -- p r o c '-~ c t is 

.) . nutr:t:on:.J va:u2 of the fermented fooj 

incr~i;Sed; and 

fooj is consumed. 

The apr·lic:tt1,Jr::;- of 
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time, the need for assessing the state 01 th? art 1n fermented +~ods ~as 

The i~portancc of 12ct1c 2cid fernent2t1on tcr developing 

countr12s was also d1scuss~d in a meeting held in Ar~2ntina 1n March 1QE4 

on t12 establis~~~nt of a biotechnolcQy networ~ in Larin A~2rica. 0t 

Bra:i 1. 

Costa Me~ico an~ Ve~ezuela that l~ctic acid 

to~ic~ for cc!labcrat1ve rese2rch 2nd develcpn.cnt. 

fer;r:entcd foods in third \-'Jot·ld 

r c.. p i C: l y b e i n q d e 'e l c· p E: d , b u t ti; i s t y p e of i n f o 1- r;, 2. t i or; i s ! 2 c k i r: q i r, 

lactic acid bacleria found 1n other traditional or indigenoJs fer~e~t~d 

food::. 

The following recommenjat1ons and/or conclusions are dr2wn frG~ th2 

Sv~posiu~ on Lactic Acid Fer~entation (no priority ~as been given to the 

A. A listing of 211 organizations involved in research and develop~~nt 

and sc1Pnt1f1c exchange progra~~es among gro~o: 

havir:::; ~1:r11!i'r ir:tln·sts 3r.d cbjectivc-s should be en_ouri\CJOiL 

s1_1rvey .. ' U) i nd1 g1:ncus fermented 

~y Steinkraus on 

A v;E 11 -· 

f 00 d s 
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Ft·;, ... ~-. .1 ;.:...~ 
-- - - - -- - -- -- - - 1f poss;b'.2 t~1s listing nEeds to be ~e~t u~ to ~ate 

As stated by Ste1n,raus 1n h1= 

11 Tho;2 i ri VO l \'~d in r 0 search an indigenous ferrn~nted f0ods 
onlv ir.ve;t1~~~t'd the ~u~-fEce of ~ 

b r- o 3 .j :..· ~- \ l e .·J cf no~ microorg?nis~o 

cc~t~ibutc ro~e ta 
c2n 

thE 
b;: 

tot2l 
g :'"' Ci \~~ :; G f'; 2 d l = 1 f 

prc~t~in; .::.1,1.::i 

product·=:. 

it is then possible to opti~1ze the orga~1srn 

te-:h1iques. This would result in the 

t r i':. G i. t i c r1 .::. l f e r '.· e ~ t ci t i o ri p r o c e ~- s E :;:. t h '::? f o 1 l o v1 ! n g o t' E c-j t i o r, s m u ·:; t b e c:, :: t e ,j : 

1. 

·.). 

4. 

" .,), 

ra~ materials are involved In the 

;re the types and funct1ors of the ~icroorgan1srns 

i r1 v w 1 v .~ .. d 1 n t n e f er ,r: en t ~. t i on p r o c e :: s? 

~hat is t~e role of thE fer~ented food in the d:et a r:d 

nut r i l i on of t he c .Jn~ 'Jc' 1 r, g pup u J at i c1 r' ') 

i mprov1 rig the 
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be dc,[!cped in t~cse ccuntr1es ~~ere the forj hill be consuJEd, An 

for meein1n·JTul srall- or even large- scale 

sel t:clec! foods l s 

associ~tr~ hi th the de\elo~~ent of ac:ept2ble starter cultures and 

This should encour2;e 
:·tfic1en~ nf re~ults c~tai1~~ • L -

. ,1:-''r 

The rationate for the 2bov2-cent:on2j approach 1s that in f~ny tt ird 

hOt Id cc~ntrics fer~ented f0Jj5 are consured 1n large GLiantities. Fer 

~bout :00 fermentation type industries aid in producing ~~n1 
of these ~roducts. Similar iGdustr1es cuuld te est2bl1she~ in other 
d~velop;ng countries. Sone of the technical proble0s that must bf 

1. control of the lactic acid fermentation h~s not been 

adequately studied; 

2. no inoculum of lactic acid bacteria is use~; 

.). tools and ether lrtplernent~. c>Je ver'/ sirr,plr; 

4. proces~ of production is labour-intensive: 

5. sanitation crndit1ons are usually inadequate: and 

6. no technique of genetics or genetic engineering h3v2 been 

used to i~prove vpor1 the ferrn~rit1ng m1crcorg2n1s~s. 
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Emerging cJncq1ts t tie 

1. <. n d funct1o:i •Jf lactic fermentations i~ 

sy:tt:f!"1~: 

Easic 5tuj1es on the mechanis~s and function of lactic 

ilso provi~e a common grcund for the 

different 

acid bacteria starters arE currently being importEd and these imports ~av 
h [" cut. 

Therefore 1t will te neces~ary to est2blish a Center in Latin 

America to n2ss prJduce co~rerc1al cultures. The Center of Reference for 

·- -· -It~=- in 

de Al1 .. ··ento; in E:ra:il, ~1herp such studies are being initiated 0.nd 

culturEs, Other pos~ible locations would be the lnst1tuto de Techno!og1a 

laboratories 1n MeYico. They would need to d~velop, pos~ibly in 
collaboration with other laborator1es 1 the expertise for mass production, 

~reserving and the shipping of active cultures. 

!b~o--~~--~~~J __ tQ __ ~gr~!g~--~0!!~C~§_fQ[_iQQ~~!~_tQ_~g_0§~~-fQC_!Q~!Q~QQU§ 
£g[C9~!~~-£CQ~§~ L2t1n ~~er1can cou~tries also appe;r lo need dairy 

American che~se-makers. 

native to L2t1n America need to be isolated and made 2va1!2ble to L2t.n 

Also the grL.!p at Tucuman ha; the opportur1t; of 

their net1ve Argentina cheese. The 
latter could tMen be developed into a small bus1n~~s for the local 
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The scecific questions hhich need to be addressed i1 this area 
1 n cl u iJ e: 

from raw rill or green plant 0aterials that will functio~ 

ac i d--rrciduci ng 

proteol \'tic 
activity, ph2ge sensitivity, and ability tc produce good 

2. Can phage resistant str21ns be developed? 

the tropical 2re2s will the cultures be made available as 

cultures be mass pro~uced, pr~served, and distributed, On 

~ii l l 
liquid, frozen, lyophil1zed 1 spray dried or otherJ How 

stability act 1 vi t y be d '-~ r 1 n q 

distribution? Can "drv" culture~, such as used in bread 
be developed to circumvent the distribution 

prcbleffi of l1qu1ed or frozen cultures? 

characterization af strains involved in the production of a nat1v~ 
were d1scu~sod e~tensively. The£e studies reacned from the isolation 2na 

D. Dairy fermentation processes and the lactic acid bacteria involved 

str-<•te.~1es for- genetic engineering of da.iry streptococci 3nd fer the 
lactob 0 r:illi. 

There 1s na doubt that this group of bacteria hill 

probably be the first lact1c acid bacteria where genetically impro~Pd 

maJor achievements. 
mass of 1nvest1g~tors e\1st rn the field which provides the impetus for 

strains will comE about. This is mainly due to the fact thal a cr1t1cal 

The grnot1cs and plasG1d b1clogy cf l~ct1c acid bactPr12 
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iscl2:e.~l frD 

as 2t ~1nnesota, MIT, Carolina and Euror:ieC1n 

E. that needs to be answered 1s rihether th~ lactic acid 

bactcri2 ~~ich n~e~o~in2te in ~any cf the traditional 

and genetic properties? 

starch hydroly~Jng strain; co~ld be essenti~l 

is needed bEtween those J2boratories in Me~ico worling with these unique 

str2ins of lactic acid bacteria and thos~ laboratories having e!p~rtise 

Specific questions 1n thi; area include: 

1. 12ct1c acid bacteria with unusu2l ability to produce 

organic 2r1d~, Essential amino acid;, such as 
m Eth i Ci fl l n E I vi tarr.1 n::, such as thia~1ne, ribo+Jcivin, or 
E<-12, or a.r1t2.Jonist1c coi:-•pounds ciqci.inst spoilaqe .:.rrd 
pathogEnic orga~i~ffis be isolated then used in 
producinq 1ndiJenous ~ermented foods~ 

2. C ~.n 1 ~ct i [ ,1c1 ,j bactEr1a producing ~I..[ [ h 

or others be fou~d ~nd 

th~ri e: plorecJ"' 
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Can these str;ins 

protein cc~te~t of fer~Ented foods such as be 

pr;JdiJCl:l·~ lactic 

Can genetic en~ineering principles be 5polied 

to it1,prove 

Such q1_1e5i_ie:n; as regul~tion of a~ulase 

and FlEC~~nis0; of protein 

F. in conjunctiGn ~ith 

other 

The nit0og20 co0t20 

product is gr·eater than t~e original 

1. the nitro~;on f 1···1 n g been f u 11 y 

a. n d is the mechsns~ of n1troqen 

f1:.:atio;;~· 

2. What is the role of tt-ie Ja.ctic acid bacte(ia in 

1 r, p LI re 

culture and then c00b1ned to form n1 troqen--f I'' 1 n·~ 

cu. l t :_1 re u.:;t could t•e used t Co 

nitrcgen content C• f fc,ods 
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4, 
;c~:; raspons1b:e for nitrc;en-f1~at1on be 

transf2rrsd to a 12ct1c acid bacteria species to develop a 

ne~ cult0re that cculd be used in food fer0entat1on 

5 . c· o u I d t f·! e l 3 ~ o ,- at or i es i n ~~ ~ \ i c c1 ! w ~; i c h ha\' e t h e e :\ p er t i s e 

laboratories in order to r~p1dly develop the svst2G? 

This is 2 very e~citing system and U~ID~ should oo wh~tever poss1ble 

~ suit2ble starter needs to bo developed that will 
function in traoical rrgions. Such a culture w0uld aid in ~reservi0g 

during that tine of year when green grass is not 
2v2.ilc1.bl2. Ccllabor?tion needs to be conductEd among the V2(liJ!)·:; 

H. La.ct1c acid fer0ei1t:;tio;-rs a.re also bein9 ect2nd2d to ncir1-tr:rd1tiori2.l 

raw materials for pro~uctian of ani~al or hu1"!":a.n fcod. These effcrts 

should continue as they ~ay lead to w3ys of convertin9 a waste material 

into an edible fo0d source~ Exa~ples under study include production of 

fish silage wit~ sugar cane wastes to produce 2n1mal food, th2 lactic 

acid ferretn~ticn of banana puree as a means of preserving ban2nas for 

r1u1T,an cor•sumptiori, and t~1e recyclin·~ of agricultural 

fer r, •. r;r, t C! ti or, s. 

B1otechnolooy in the lactic acid bacteria w1JJ occ~r. Whlle it r..ay 

true inpact m~y cume when this technolcgy is applied to those strain~ 

(:--1.··:t9_bol ism~ 



~ihich f'-i3s the e:f:·ert1se in the ·~E·11etics £:n1j 

f~rr~~t~tion p~ocEss cc~ld be devElc~ed. 

there ha; to b~ a funJiGg scJrce for inv2~t1g~tive stu~:e; to 
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