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AIlSTRACT 

Four sites i n one ot the ho t.. springs ot Shalla were 

selec ted for the study. The wate r fr om t he sites me rg e to form 

a s t ream whic h form s a te mperature gradient . In this study f our 

medi a we r e compa1;' e d tOI? the c ultivation and i so lation o f 

aerobi c heter otrophic bac ter i a. The pH of the ho t spring was 

8. 7 with a temperature of 9G-56 'C . The f o rmulated Ille dia were 

adjusted to pH values o f 7 .0-13 .0. Ho weve r , hlgh count s of 

bacte ria (lxlOl- 7x lO t c f u / mll was only r egis tere d when the pH 

was ad juste d be twee n 8.0 and 9.0. A medi um containing normal 

concentra tion of Trypto n Soya Agar (TSA) was effective i n 

s uppo rt ing the growth of bacteria t ha n a med i um c on ta ining one ­

quarte r strength of TSA o r supplement o f trace minerals. 

Replaci ng trac e mineral s wi th hot s pri n g "" ate r improved the 

total numbe r of bacteria irowlng and also the number or 

i so l ates. 

Thcrmophl1e a were nume r o u s (l:d Ol __ 1x l 0' clu/rol) than 

the rmo tol e r ants (2xlOl_2xl O( c fu/ml) at all sites . The 

population of Bac illus brevi s , Bac illus spbae ricu8, Bacillus 

s t e arothermQphilu3 and Mi c r ococcus sp. was fou nd to be low at 

l o we r e nvironmental temperatures than at hliher environmental 

temperatures . 

In t he course of t hi s s tudy a total of 44 

micro organism s we r e isolated and char.cterlJ1ed. Twenty nine 

we r e identified to the s pecies level and were touftd to be 

membe r s o f genus Baci llu s . 
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Three isolates were Cram-positive cocci id e ntified 

t o the ge nu s l eve l - Micrococcus. The r e main i ng 1 2 isolates 

were ei ther Gram-positi ve , fila me ntous or no n- filamentous r od s 

wh ic h ne ed a deta il e d bioc he mi c al analysi s for i denlifi c ation . 

To identify if any o f the isolates may have 

industrial applications , they we r e c h ec ked f o r product i o n o f 

amylase a nd protease . Fifteen o f the isolates produced 

protease, 18 amylase and eleve n I-roduced both amyla se and 

pro t e ase. 



I.INTRODUCTION 

Natural and man-mad e thermal habitats exist world-

wide" These hab itats i nc lud e erupt i ng volcanoes (I OOa'e) . 

dry-steam f uma roles ( u p t o 500°C) , n o n-boi ling hot sp r ings 

(tempe ratures fro m near boiling to a mb ie n t) , s un-he a ted 

substrates s li c h as soils , litter, r oc k whe r e tempe rature s 

reac h 60 t o 700e or h ighe r, self-he ali ng o rgan ic ri c h mate r ials 

s u c h as compost piles , seaweed p i l es , and coa l refuse piles 

(up to 70oe ), ho t '·'aler heale r s (55 to SOoC ) , c ooli ng waters from 

various i ndust rial processes ( fro m j u s t above ambient to 

b o iling), st eam l i nes of steam-healed buildings (reac h i ng up to 

60Ge ) a nd ma ny othe r hab ita t s (Tansey and Broc k, 1978) . 

Majo ri ty of t hese the rmal habi tats are diffi c ul t to 

study . However , research in hot spri ngs is easie r compared with 

other the rmal habitats due to seve r al r e a so ns . 

Ho t springs form rel a tively we ll-def in ed outflow 

c ha nnels and as wate r cools a lo ng t hese c h ann e ls, relatively 

s table t herma l g radien ts are c r eated. I n t he t hermal gradient s 

o f a single hot s pr i n g unde r appropriate condition s , the o nl y 

signifi ca n t vari a bl e i s t e mpera tu r e ( Falk a nd Ke ll, 1966). Thu s 

excellent naturally occurr i ng experimen tal co ndi tion s c an be 

made f o r ecol ogical s tudi es . 

Meas u reme n ts o f tempe r ature are easy to take a nd 

bec ause of the high t he rmal c apacity o f wa Le r t here exi s ts a 

na r r ow flu c t uation o f tempe r ature . I n add iti o n, t he te mpe rature 
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of the micro-environment is the same as that of the macro­

e nvironme nt. Conversely , in thermal soils, compost and other 

terrestrial thermal habitats temperature is variable and also 

the temperature of the sub-merged o rganisms may be different 

fro m t he measured te mperatu re (Brock , t967). 

Hot springs h ave relatively co nstant c hemi cal and 

physi c al properties . Water samples for c hemical and 

mi c robi ological a nalyses are easy to obtain a nd r e peated 

measurements can be mad e (Brock, 1986). 

Temperature is not the sole factor that limit 

microbial growth in hot springs. Ot her environmental par a meters 

s u c h as pH I availabl e e nergy sources , ioni c strength also 

influen ce microbial growth in hot s prings (Zeiku9,1980). 

Hot springs are low in organic matter and h igh in 

dissolved solids (Castenholz, 1969) . Microbiologically 

important minerals dissolved in water include: hydrogen 

sulph i de ( H!S) , carbon dioxide (C~) , lo\<,' molecula r weight 

organ ic compounds , methane (CH4 ), hydrogen ( H2), ammonia (NH~ ), 

a nd trace elements. Chlorides (Cl') and bica rbo na tes (HCO, ') are 

usually the d o minant a nions (Broc k, 1986), Some spring s 

precipitate silica, others deposit travertine (caCO, ), and 

sti ll others form elemental sulphur (Brock, 1967) . 

The pH o f hot springs va ri es and va lue s as l o w as 1.0 

and greater than 9 . 0 have been recorded . The dist r ibution of pH 

values of hot springs is bimodal, with man y values betwee n 2.0-

4.0 and 7 . 0-9 , 0 but few betwee n t h e t wo r egion s (Brock, 1971) . 

This ha s l ed to the division of hot springs into acid and 

alkaline hot sp rings. 
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When one co nsiders he c hemical, hydrologic I thermal, 

and geographic variation, every hot spring can be considered as 

an individual, differe n t i n mino r o r ~ajor ways from other 

sp r ings . Ho weve r, many sp r ings are more 8 imi1ar than di fferent . 

Host spr ings ha\'e been r emarka bly constant in therlllal, 

c he mi cal . a nd hydro logi c prope r ties for many yea r s , altho ugh 

mino r va r i at ion s do occur (Hunzel , 1947 ; cited in Broc k, 1 967) . 

The presence of o r ganisms in hot s prings was noted i n 

a n tiqu ity . Pliniu8 (1944 ; cited in Br ock , 1967) noted that 

plants grew i n the hot sprigs o f Padua , fro gs in those o f PiS8, 

a t Vetulonia in Etruria, near the sea . Ea rl ier studies (S r ock. 

1967; Botl and Brock, 19 69) have s how n that i n n e utral or 

al kali ne ho t spri ngs. bacteria l ive and grow i n boili ng water . 

Studies in New Zealand and Icela nd, where the boili ng s pr i ng s 

are located at low altitude a nd having te mperatu r es o f 95 to 

lO Ioe indicated that e very spri ng in neu tral and a lka line pH 

range has hi g h populations of bacteria . On the ot her ha nd. 

bacterial s pecies d ive r sity in a cid hot s prings is mo re lim ited 

t han in ne utral a nd alkaline hab itats . Only at t e mpe ratures 

around 60 to 6SoC do mac roscopicall y visi bl e accumul ations of 

bacteria appear i n acid hot springs (Kaplan, t 956 ; c ited in 

Brock and Darland, 1970 ) . Thermoph ilic ext r eme alkalophiles 

have a180 been described (So nnleitn er and Fi ec her , 19831. 

Und er favorable enviro nm e ntal co nditio ns c ertaln no n­

photosynthetic bacteria can grow in most hal sp r i ngs where the 



temperature is below 90°C , a nd a rew even up to the bolling 

poi nt o f water (Srock , 1967) . Among bac teria living i n boiling 

water are: su lphur bacteria, hydrogen oxidizi ng bacte r ia , 

eleme n t a l s ulphur re s p i ring bacteria,obligate anae rob ic and 

ae r obic heterotrophs. The photosynthetic pro karyo tes (Blue 

g r ee n algae and photosyntheti c bac teria) a re unable to grow at 

tempe r at u r es as hig h a s that of no n-photos yn thetic prokaryote s , 

e ven i f ot her e nvironme nt.al co ndi ti o ns are favo r able . 

Generall y , the r e e xist an uppe r te mperature limit fo r 

photosyntheti c life and it is at abou t. 70 to 73°C (Castenho lz , 

1969). 

Eukaryotic mic r oorgan isms a r e much mo re restricted in 

their distribution than pro kar yo t ic mi c roo rgani s ms . The up per 

temperature limit is app r oxi mate l y 60 to 62°C ( Tan s ey a nd 

Broc k , 1972) at which o nly few species o f fungi can grow. the 

upper temperatu r e limit for e uka r yotic algae ond p r o tozoa a r e 

slightly lower , 55 t o 60°C and 5SeC respec tively. Those f or 

metaz oan s a nd h ig he r pia n ts are below 50°C (Brock , 1 985) . 

All species capabl e of reproducing at tempe r atures 

g r ea ter t han 90°C a r e me mbers of the Arc haebac t e ria . The spore ­

formi ng bac teria that a r e thermophilic have ge nerall y lowe r 

temperature maxima t han the species that do not forlll spores . The 

Eubacteria living at the high ~st temperatures almost wi tho ut 

ex ce ption do not f o rm spo res;they are Gram- nega ti ve and o f 

unce rta i n taxo nomi c affiliat io n ( Broc k, j 97 8; ci t e d in 

Brock,1985; Saiki ~ Al . , 1972). 

Three broad c lasses of o rganisms have been recognized 
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on t he basis o f their cardinal tempera uresji.e their ~ini.um , 

op t i mu m I and maximu m growth temperatures : pByc hrophi les , wi t h 

g r o wth r anges f rom -5 to 22°C. mesophiles frOI:l I Ot C to 47cC and 

t hermoph iles between 40°c to BOoC (Stenier tl li . t 1970) . 

Co n s ide r i n g t he ca r di na l g r o wt h te mpel'slure o f mie r ao l' ga n isll s . 

their di v i sion into psyc hrophiles , mesophiles , and the rmoph i l es 

is no t satis f ac t o r y . Man ~' organisms would f all on a bo r der li ne 

a nd may be classif ied, f or instance , 8S either mesoph iles or 

the rmoph i l es de pe nd i ng o n the investigators poi n t o f view. The 

card i na l t e mpe r at u r e ma y a l so vary a fe w d egrees depe nd i n g o n 

t he c ultu r e me dium a nd g r owth conditio ns . Furthe r 

more , lhe rmo ph i l es cover a growth r a nge betwee n 4 0 and 100°C, 

a nd the rmophi l es i n t he lowe r temperature r ange have bee n 

con s id e r e d d i f f ere nt fr o m t.hose in t he uppe r te mpe r ature range . 

Con se que n t l y , several at tempts have been made to sub- divide t he 

t he rmo phi lic bac t e r i a . 

Three g roups have bee n proposed by Fa rre l and 

Camp bel l (1 969) : 

I . Strict o r obligate thermoph iles wh ic h d e mo nst r a t e 

opt imum g r owth temperature at 65°C to 70°C bu t wh ic h do no t 

g r o w below 40 t o 42GC. 

2 . Facultative t he rm o ph iles h ave 1Il6xi ma m gro wt h 

t e mpe r at ures be t wee n SOGC and 6SoC but alao are capabl e of 

reproduci ng at room tempe r atu r e though at a very low rate . 

3 . The rmoto l erant bacteria have g r owth maxi ma at 4ScC to 

sooe a nd can also g r o w at room tempe r ature f airly we ll. 
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Si nce many ext reme thermo ph ile. have g r o wth 

opti ma above SOcC , He ine n a nd Hei ne n ( 1972' hav e introduced the 

term "caldoactive"(caldus fro m l ati n meaning hot) to descr i be 

ext r eme l y thermophilic bacteria. The ( 0 110\o,- ing sub-division ha s 

been p roposed by Williams (1975). 

a) caldoac ti ve bacte ria-maxi mum grol.' th tempe rature above 

SOG C optimum a bove 65°C, and mi n imum a bo \'e 40°C . This s ub­

divi s ion h as val i dity as an addition to the o riginal 

c l ass ification of Farrel and Campbell(1969). 

b). the rmophili c bacteria-maxi mum g r o wth temperature above 

SOoC , optimum above sooe and min i mu m above 30°C . Th is sub­

division ig nores certai n facultative the rmophiLes suc h as 

Bacillus coagulans having a min imum g r owth tempe r ature of 

a bout 5SoC . and d oes not provide maximum, optimum, and 

minimum growth temperatures for the thermotolerant 

bacteria. 

All these differences in the classification of 

t herJlophilea imply that atric t a dherenc e to a ny o f the. is 

diffi c ult. 

Prior to 1969 , the bacter ium with t he hirheat know. 

opt imum g rowth te~porature 1n the laboratory eult~re vaa 

Baci ll y s s t earothermophl1u 8 nnd ma Jortt7 of the work on 

" t he r mostable'" e nzyme s and o ther 9ub-cellular compon.nt. w •• 

carri e d out with t his bac t e rium. Howeve r, t.ho d •• crl~tlon of all 

e x treme ly tn .... ophllla bacteri .. , Iberau' aquatic"". , ..... IItot 

spring in Yellow.lone Natiofta i Park by Brock and Fr. ••• ('96'. 

ha s give n a ne~ J.petv. to ~b •• tvdr or theraophile ••• d 
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pro vided new mater i a l f o r the i s olat ion o f the rmostabl e 

e nzyme s . S ince the n the rmophil i c ba c t e r ia have bee n iso l ated 

world-wide from ne utral and alka l i ne ho t s pr i n gs ( Rama l e y and 

Hi xon, 1970; Saik i ti ll., 19 7 2 ; Jac kso n till ., 197 3 ; Kri s t j an 

and Alf r edson, 1983; Oshima a nd Imaho r i , 19 71; Ego r ova and 

Loginova , 1974; Taya tl li" 1988; Hei ne n and He i nen, 1972; 

Cometta, 1982, Hudson e t 1ll., 1990 ; Pea k-Hughes and Wi lliams. 

1977). The distribution o f o r gani s ms in a c i d hot springs has 

been s tudied (Brock and Darland, 1 9 70 ; Be ll y and Broc k, 1974). 

Tan s ey a nd Broc k (1978) have li s t e d al l kno wn s pec ies of 

thermophili c bac teri a . 

It is a pparen t that t he rmo ph i l ic bac teria are able to 

grow and reproduc e at temperature s r a ng in g from slightly bel ow 

fr e e z ing to the bo iling poi nt o f wate r. Howeve r, c ultures have 

been obtained onl y o f o r ga n isms a b l e t o grow a t soaewhat lower 

te mpe rature s . The highest tempe ratu r e at whi c h it has been 

possible to grow a bac t e r ial culture con tinuou s ly a nd 

r epr oducibl y is abou t 8 S' C (H e ine n, 1971 ) . 

The existence of mi c roorganisms which g r ow and 

ac tua lly require tempera ture s above the upper limit of !loat 

l ife has stimula t ed r e sea r ch in t he fundamental aspe o t at t hese 

organi s ms i n orde r to a) l e a rn more about thei r r o l e in the 

e n v iro nment b) unde r stand mo r e about t he ir mec ha ni s . of 

e x i stence a nd c ) s tudy the the rmal stability of macromolec ul e 

o f these or~ anisms . FrOID t he applied poia t ot view. interest in 

t hermophile. has increase d fro m time to time because ot their 

• 0- ~ _ ... ~ _ l ....... 1 ' ~At. ; on i n biotec hnology and e c onomic advantage s 
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in the u se of the o rg a ni sMS or their enzymes in comme r cial and 

oth e r processes . 

Thermophilic a nd thermot.olerant orga n isms are 

expected t o produ ce q 1.la l ilatively new e n zymes . Since t hey c an 

g r o w a t high tempera t ures thei r cellular co nst i tuents must 

function at 

lhermophiles 

similarly high t e mperatures . Enzymes 

are promi si ng not only because o f 

from 

thei r 

t he rmostability and acti v i ty at high temperatures but also 

becaus e of t hei r resi stance to high solute ( r e actant) 

co ncentra tion. Therma l ysi n, the p r o t ease from Bacillus 

thermoproteolyt i c u s , f or instance , retains 8 6% o f its activity 

a f te r 30 hou r s at 70°C . Caldolys in, a Thermus protease has a 

half life o f 30 hour s at BOeC , 30 times l onge r l han the rmolysin 

under the same co nditi ons (Sonnleitner and Fiech ter , 1983). 

Amylase of mi c r obial a nd plant o rigin are nowadays 

us ed in the star c h processing i ndust r ies. Most widely used are 

amylases produced by Bacillus amYloliguefacie ns a nd Baci llus 

l ic he ni formis, the glucoamylases o f Aspe rgillus niger and 

Rhizopus s p. Sta r c h processi ng indust r ies r equ i r e highly 

t he rmostable and thermoact i ve a mylases . Plant amylases are 

e xpe n s ive and un stable . The refor e , thermophiles are ofte n the 

fir s t c hoice sou r ces whe n l ooki ng for ne w enzymes (Buonoco r e ti 

!l.l . , 197 6) . 

Enzymes from thermophiles are stable at con\·e ntio nal 

temperature s t han e nzymes f r om mesophiles t hus pro l onging the 

shelf li f e of comme rcial products (Ng a nd Ke nealy , 1986) . 

An increase i n temperature r esul tos in inc r e a se i n the 
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di f fu sio n ra te and the solubility of most no n-gaseous 

co mpo u nd s , al l owi ng ope ration ~ at high concentrations of 

reac t a nt s . An i nc r ease in temperature alao r educes t he 

visco s i t y a nd s urface te nsio n of wa t e r . It also i ncre a ses the 

qua l i t y o f mixi ng and al l ows easie r l iqu id-so l id separat i on 

( Ng and Ke ne ely , 1 986) . 

Ferme n ta t i o n r e a ctions r esult heat produ c ti o n. 

Ext.e n s ive effort mu s t t he r e f o r e be mad e t o cooling t he 

f ermentat i o n proc e ss whe n he at se nsi tive bac t e r ia a r e used . 

Hea t o f f e r me ntatio n is no rma l ly r e moved by c irc ul at ing wa ter 

t h r o ug h c o i ls o r t he f e rme ntor j a c ke t . For t h is met ho d t o be 

e ff ec t i ve , t he wate r mu st. be sub s t a n tia l l y cool e r tha n t he 

o p era ting tempe rature o f the f er-men t o r a nd thi s g rad ient mu s t 

be larg e r whe n t he r a te o f heat evo l utio n i s g r eater . 

Eva po ra t i ve coo l i ng t o we r s a r e ine f fec t ive be c a u s e o f h ig h 

at mo s p he r ic h u midi t y . The r e f o r e , mech ani cal r e fr ige ratio n wi th 

co nsequen t h igh o pe ra ti ng cost have to be cons i dered . I f 

t he r mophili c organi s ms could be u s e d , t he p r obl e m o f f e r me n t o r 

cooli ng wo u ld be s i mp li fied, s i nce a l a r ge g ['ad i e nt be twe e n t he 

o p era t i ng te mpe r a ture o f t he f e rm e n to r and t he tempe r ature o f 

t he cooling wate r ,"" a u l d be availa.b l e ( Ma t eles tl Al, . , 1967). 

The r e has bee n a conside r a ble i nte r est i n t he u se o f 

thermophiles ro~ t h e p r o duct i o n o f fuel a nd b u l k chemi cals . A 

potent ially major mic r o b ial p r ocess is t he p r oduc tion o f 

e tha nol . At 

f e rme n tat i o n 

p resent et ha no l p r oduct i o n is made by the 

of suga r s wi t h ycas t . Becau se a numbe r o f 

t he rmo phi l i c bac t e r ia p roduce et. ha nol as a mctabol i c produc t, 
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the u se o f the r mophilic bacte ria fo r e tha no l pro duc ti o n has 

bee n pro po sed. The re a r e seve ral a dva n t.ages f or its u se . The 

e l evate d incuba ti o n tempel'a t ure makes d is t il l at i o n o f t.he 

e thanol produc t more efficie nt:. . The cooli ng r e qu i r e ment whi c h 

i s necessary whe n yeast are used is o bv iated. In addi tion I s o me 

t he rmophilic bac teria can c a r r y o u t direc t f e rmentat.i o n of 

po lysacc harides to ethano l. Ye a sts ho we ver are inc apable o f 

h ydrolysi ng polysacc haride po lyme r s ; henc e they c an n o t produc e 

ethano l . Th e most popular t he rmophili c bac terium o f this kind 

is Clo s tridium t he rmocellum, a bac t.erium capa ble of fermenting 

cellulose to ethanol (Weimer , 1 986 ) . 

Seve r al othe r p roduc t s mi g h t be p r odu c e d by u s ing 

thermophil i c bac teri a . Amo ng these are lac tic a c id p r oduc e d by 

bacteria of gene ra Clo s tridium ,The r!IJQsnae r obac terium 

Ther moanaerobacter, Bac illus c oagu!ruui ; c aro t e no ids produ c ed by 

Thermu s aguaticus ; ami no ac id s p r oduced by Bac illus c oagulans 

(Weimer . 1986). 

The rmostable e nz ym e s ge nerally are mor e resistant to 

t h e denaturi ng effe cts of de tergents and o rgan ic s olvents. The 

co n sequence is t he possibility o f appl y ing higher 

c once n tratio n s of r eac tant s . the c ho i ce o f not ne cessari l y 

high l y a quati c reac tio n syste ms, or the possibilit y o f 

ef f i c ient cleaning o f the sys t e m with orga ni c s o lvents (Danie l 

tlru. . , 198 1 1 . 

The rmop h t li c a nae r o bi c digestion proc ess has 

a dvantages o ver the mesophili c p r ocess . These are inc rea se in 

I'eacti e n rat e and dest ruc ti o n o f pat ho ge n ic mic r o organi a ms that 
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might be present in the sewage and l o we r v i scos ity 

requires less energy f o r mix ing (Zi nd e r, 1986 ). 

which 

Mass cultivati o n o f thermophili c bac teria woul d b e 

c heaper than that o f meso phili c bac teria due to r educed 

contami nation p r ob l e m. Produc tion would be increased as 

reac tion rates o f organisms and enzymes i nc r e a se s ( Sonnleitne r, 

198 4 ) • 

Because of t he hi g h temperature o f o peration 

thermophilic e n zyme reac tors would not be pro n e t o 

c o n taminatio n p ro blem s . Lastly , thermophilic b a c teria would not 

b e pathoge nic to man (Sonnleit ner , 198 4 ). 

I n Et hiop ia hot s p rings are abundant. Indust r ially 

i mportant mi c r oo r gan isms could be present in t hese hot spr i n gs . 

However , t h e r e ha s n o t been any study o n the ro lero fl o r a o f 

these hot spr i ngs , He nce th i s resea r c h was gea r ed to stud y t h e 

mi c r o f lo r a of o n e of t he hot spri ngs in Eth iopia . The 

objectives o f this s tudy includ e the f ollowing: 

1. to select and/or f o rmul a'te medi a "'hi c h fa vo r grcat l.y 

t h e gro,,'t h of aerobi c helerotroph ic mi croo rganisms p r e sent 

in o ne o f S h a l la hot sp rings . 

2 . to stud y the i n fluen c e o f media p H a nd inc ubation 

temperature o n the growth o f t he mi croo rganisms. 

3 . t o isolate a nd c h a r a c tel"i ze t he mi c r oo rganisms wh i ch 

gre~' o n various media . 

4. t o identif y potenti a l ly us ef u l isolates wh ic h cou l d be 

good sou r ces of for biotechnologi c al applic a t i o n . 
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mi ght be present 1n the sewage and lower visco.it)" 

requires less energy for mixi ng (Zinder, 19861 . 

which 

Mass cUltivation of hermophili c bac eria would be 

c heaper than that of mesophili c bacteria due to reduced 

co ntamination pr obl e m. Production would be increased a8 

reac tion rates of organisms and enzymes increases (Sonn leitner, 

1984) . 

Becau se of t he h ig h temperatu r e or ope r ation 

thermophilic e n zyme reac to r s would not be prone to 

con taminat i o n probl e ms . Lastly, thermophilic bac teria would not 

be pathogenic to ma n (Sonnleitne r , 1984 ) . 

In Eth i opia hot springs are ahundan Indust ri ally 

i mporta n t microorgan isms could be present in these hot spri ngs. 

However , t he r e ha9 not been a ny s udy o n the ml e ro f lo ra o f 

these hot springs . He nce t h is resea r ch was gea r ed to s tud y t he 

mi. c roflo [,8 of o ne o f t he hot sp r i ngs i n Eth iopi a . The 

objectives o f t h is s tud y i nc l ude t he fo l lowing : 

1. to select and/or f ormulate media wh ich f avo r- great l y 

t he g r o wt h o f ae r o b i c heterotro ph ic mic r oo r ganis. a p r esen t 

in o ne of Sha ll a hot sp r i ngs . 

2 . to study the i n fluence o f media p I! a nd i nc u bation 

temperature o n t he g r o wt h o f t ho .. lcroo r- gan l sma . 

3. t o isol a t e a nd c haracterize the lIIi c r oorg8n i!!lftl8 wh i ch 

grew o n variou s med ia . 

4 . to ide n t i f y po t e nt i a ll y u seful isolates wh i c h could be 

good sources o f fo r b iotech nological appl i c ation . 
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2 . 1 STUDY AR EA. 

The hot spring whe re samples were collected is located 

in the eastern s hore of lake Shalla . Wate r samples were 

c ol l ected at fou r siLes established in the spring and three 

sites ide n tified as ( 3a , 3b and 3c ) where the water f o rms a 

thermal gradie n t ( Fig . 1) . 

Te mpe r ature at t he various sites was measured during 

sample co llection usi ng a the rmomete r . pH was measure d with 

Griffin pH meter Hodel 140 . ( Cr1ffin, England}. 

2.2 SAMPLE COLLECTION . 

Wate r samples ( about 40 ml) for mi c r obiological analysis 

were co l lected during t h ree different trips fr o m each site \o,'i t. h 

s terile plastic centrifuge tubes . Samples were transpo r ted to 

the labo r atory on t he same da y of sampli ng and ke pt at 5SoC in 

an incubator . 

2 . 3 CULTURAL METHODS . 

The media selec ted a nd lo r formulated for isolation of 

bacteria had the foll owj ng compositio n (in g ramsl l of distilled 

wate r): 

Medium 1: Trypto ne Soya Agar (lSA) (Oxoid t England)t 10 ; Yeast 

Extract (Oxoid t England)t 1 j Glucose,l; Agar (Oxoid , England), 25; 

a nd trace minerals so luti on, 10 mi. The trace mine ral s solution 
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had the f o llo wing composition (.)J S/lOO ml medium): CaCl
1

, 0.3; 

MgSO~ .7HZO, 1; KNOJ I 10 i !(1 HP04' 2: NaC] to. 08; HlBO] , 0.5; CaC0l' 

10: CUS OC 5 H20 1; FeSO.(NII.)S04 1 50; KI t 1; HnSO .. 2; HOO
l

, 1; 

and Znso • . 7H20 , 5 . 

Medium 2: TSA , 40 ; a nd Yeast Extract, 1 Agar , 10 . 

Medium 3 Yeast Extract , 1; Glucose , 1; Agar, 25; and trace 

minerals solution .l0 mI. 

Medi um 4 : Hot spr i ng water, 650 ml; Glucose,i; Yeast Extract ,} i 

and Ag ar,25 . 

I n the case of Medium 4 , hot spri ng water was filter 

ste ril ized with Carl son filter s (Oalle n kamp , England ). The 

other con stituents were au toe laved separately and added to the 

f i lter ster i lized hot spring water. 

All media were adjusted to pH val ues o f 6.0 to 13.0 with 

6N Hel or 6N NaO H. The required a mo unts of ste rile NaOH and He! 

were added to the media aseptically after sterilization. Wate r 

samp les we r e se ri ally diluted in sterile wat e r . After thorough 

mi xi ng, 1 ml portion of "" ater ""as seeded into duplicate s erile 

plales and t he media were poured i n to eac h of the plate . Plates 

were incubated in inverted posit.ion at 7-10oC for about one 

week f o r psychroph ilic count, and ot 32°C fo r 24- 48 hours for 

lhermotolerant coun t, and at. 55°C for 24-48 hours for 

t hermophilic count. En r ichment for extre me thermophiles was 
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c arried out on Tryptonc Soya Bro th (TSB) at 70°C until the 

appearance o f heavy turbidity. 

Colonies were cou nted with a Quebec co lony counter 

(Quebec , USA) and d e scribed based on their morphology, color, 

size I texture etc. Col o ni es ,",'e re recorded 88 co lony torming 

units ( c fu) per ml of sample . Representative pure colonies 

we r e mai ntai ned o n agar s lan ts a nd used for bioc hemical tests. 

Th e population of the bacteria isolated using the f our 

me dia adjusted to the different pH values were determined f o r 

each site. The population di s tributi o n of mi c r oorga n isms in the 

thermal grad ient was also de te rmined. 

2 . 4 . CHARACTERI ZATION AND NAM ING O F' THE ISO I~ATES 

Biochemical . morphological and g r owth characteristics 

in liquid medium we r e te s ted o n the pure isolates a cco r ding to 

the procedure s o f Smibe rt and Krieg (1981), Col l i ns and Lyne 

(1976 ) and Mitru ka and Bonner (19 76).The t elit s include; 

utilization of sugars acti vi ty o n macromolecul es . e n zyme 

production. c itrate utilizat ion, and n i trate reduct.ion . Nami ng 

o f the c haracte ri zed bacteria was done based on the schemes o f 

Buchanan and Gibbo ns (1974) . 

2.5 . TEST FOR AHYLOLYTIC AND PROTEO LYT I C ACTIVITY 

Amylolytic and proteolytic activities ",'ere tested 

a cco rdi ng to t he met hods o f Colli ns a nd Lyne (1976). Amylase 
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p roduc tion was tested on TSA s u pplemented with l O~ 80luble 

starc h . Plates were strea ked with he bac ter ia and inc ubftted 

f o r 48 ho urs. The c ultures were flooded with dil u te iodi ne . 

Appe a ran c e o f a c lear brown o r da r k bro wn zo ne aro u nd t he 

bac terial colony after the addition o f iodine was recorded 6 S 

a pos itive t~st for amyla se produc t ion . 

Protease production was tes t ed o n TSA c o n tai ning :;" 

ge latin . Af te r 48 hours of incubation, the pla t es we r e f looded 

with s aturat e d so lu tio n of allmonium sulphate . The appearance o f 

a c lea r zone of various si zes a r ound the colony afte r the 

add i tion o f ammonium sulphate was taken as a positive test t o r 

pro teas e produ c tio n . 
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3 . RESUL'tS 

3 . 1. STUDY AREA 

The hot spring located in the eastern shore of lake 

Shalla has a slightly alkaline pH ( 8 . 7 ) wi th maximulli 

tempe r ature of 94 - 96cC at 91 e 2 and a min i mum tempe ra tu re o t 

55-5Soe at site 4. The wa ter fl o win g from sites 1 , 2, and 3 to 

site 4 forms a t hermal gradient from site 38 t o site 3c 

(Fig . 1). The temperature of the hot spring at the four sites 

gelec led f o r this study is s how n o n Table 1. 

3 .2. THE I NFLUENCE OF MEDIUM COMPOSITION ON THE GROWTH OF 

BACTERI A. 

Fou r media were e mployed for cultivation a nd 

isolation of t he bacte ria from the hot spri ng. The media were 

sele c ted and /or formulate d on t he basis of thei r chemical 

compositio n s nd their relative capacity to eupport g r owth of 

various mi c r oo rgani s ms . 

When the media \o,'cre adj u sted to pH of' 6.0 there was eo me 

growth . There lo'as no growth at the tempe rature of 7-10'C after 

o ne week of inc ubation . There f o r e, media adjusted to pH values 

of 7 . 0-13 .0, a nd incubation temperature of 32°C a nd 5SoC were 

us ed for isolatio n o f bacte r ia in the course of the study. 

Attempts to isolate extreme thermoph l l es after 

enrichme n t at 70°C was Dlade several times . However , upon 

transfer to solid media the microo rgan is ms failed to grow. 
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Figure 1 . Hap of Shalla hot spring showing the sampling 

site s . 
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Table 1 

Te mpe r atu r e ot t he hot spring at the v.rio~s aiLea 

selec ted tor stud y 

Total Count<l.Dg cfu/mil 
~ -------------------

Site Temperature ('C) 

1 8 -

3 2 94 - 96 

3 93 
2 

3a 80 

3b 70 

3c 60 

8 9 10 11 12 13 
---'MT.e~d~l u~m~p~A--------------

MedIliiD Tj1~llMn'tain~d ~rnpJ'tI8Wl!nded conc entra t ion o f 

TSA s upplemented with yeast extract s uppo r ted the best g r owth 

o f t he dif f e r ent types of bacte r ia. As can be S &C.ll 1n Table 2. 

the numbe r o f species isolated usi ng medium 2 was t h e highes t. 

All of t he iso l a t es from t he othe r medi a at the di ff &rent s ites 

als o g r ow in t h is medium. Since mos t media used for l s o lati o n 

of aquati c mic r oorg anisms are generally l ow in chemica l 

compos it i on , medi um 1 c ontai n i ng o ne-quarter the strength o f 

med i um 2 was u sed in t hi s study . However, medium 1 pe r f o r me d 

poo rly (Tab le 2) . 
• 

The only d i f fe r ence betwe e n med ium 3 and medlua 4 was 
J 

t h e us e o f t race mlne r als And hot spring water 88 sou rces ot 

c he micals f o r g r owth i n med i um 3 and medium 4 respectively . 



5iie 4Cs5'-58°c) 
S,re jc (60°C) 

5 

• 

S, e 3t OO"c) 

o l 

5, e '[ 
(94-96'C) 

)' e 3 
(93°C) 

Si e 07-89) 

, 
- - J"'lpftT ! 0 - , 

l "- l L , , r Cent.me '- Y5 
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c hemicals for g r owth in mediu- 3 d ~ an medium ~ re.pect!vely . 

Med ium 4 wh ic h contained th h e ot spri ng water revored the 

g r'o wt h of mo r e species of he isolat.ed bacteria than nledlu. 

3 (Table 2). 

Table 2 

Numbe r and percentage o f bacteria iaolated 

a nd c haracte r ized on t he fou r media. 

Hedium No . of Ieolates Pe r ce ntage 

1 7 15.9 

2 22 50 . 0 

3 5 11. 3 

4 10 22 . 6 

Total 44 lOa" 

3 . 3 . THE INFL UENCE OF MEDIUM pH AND INCUBATION TEMPERATURE ON 

THE TOTAL BACTERI AL COUNT AT Til E VARIOUS SITES 

Medium-l 

The total bacterial cou n t on medium 1 at site 1 Ls shown 

o n Fig.2. At pH values greater than 9 . 0 he racul lative 

thermo phil ic co unt was g r eater than t he thcrmotolerant. count . 
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Facultative the rillo phile a grew trom pH 7.0-13 . 0 with he higheat 

( 1 x 10· cfu/ml) being at pH 9 . 0 . The population decree.ad at 

pH values g r eat er than 9.0. The thermotole rant. beeled gre w 

betwee n pHs o f 8 . 0 -11 . 0 the highe s t (2 x 101 cfu /m l ) being at 

pH 8.0 . The rmotolerants were appare n 1), absent at medium pH 

greate r t ha n 11.0. and pH val ues less than 8.0 . The popula ion 

of the the rmoto leron t bacteria d ec reAsed at pH values greater 

tha n 8.0. 

Faculta tive the rmophi l es a t site 2 gr ew fro m pH 7 . 0 -

13 .0 in me dium 1 (Fi g . 3) . They we re the mos t abundant ( 1 x 105 

c f u / ml) at pH 9.0 . The pH range f or t hermoto lerant bacteria was 

ho wever na rrow (7.0- 10 . 0) a nd the hig hest count r egistered ( 1 

10· c fu / rol) ",'a s at pH 9 . 0 . The r e ",' as a decrease i n total x 

count with furt her i nc rease in medium pH above 9 .0 . Even the n 

facul tati ve thermophi le s were more nume r ous t.han 

t he r mo tolerants . 

The f acultative thermophilic c ount at alte 3 was the 

hi ghes t (2 x lO~ cfu/ml) in medium 1 ""hen t he pH was adj us ted 

to 8 . 0 (Fig. 4). Inc r ease s in med ium p ll above 8 . 0 resulLed i n 

decreased total count of t he rmoph11 es . Thermotol e r a nt bac te r ia 

f o und 1n abundance (8 x 10] c fu/ml) at pJl 9.0. were 

Fac ultatlve t he r mophili c mellbe rs did no t grow 1n me d ium 

1 at s i te 4 . Only thermoto l eran t bacteri a we r e c ultivated at 

si t e 4 a nd the highest count reco r de d (5 x 10l c fu/ml) wa s at 

pH 9 .0 (Fig.4) . 
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Fi gure 2. To tal number of bacteria cultivated o n me dium 

1 at s i te 1; fa c ultative l. hermophiles l _~_ and 

thermotol e rant ( ~ ) . 
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Figure 3 . Total numbe r of bac t eria cultivated o n medium 

1 at site 2; facultative t h ermoph iles l ~ ) and 

thermotolerant ( ~ ) . 
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figure 4. Total numbe r of bac ter ia culti vated on med ium 

1 at site 3 ; fa c ultative t he rrnophiles ),ther-

motolerant ) at site 4; t hermotolerant( ) , 
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Hedlum-2 

Facultative thermoph ilic hac e ria were _ore nu.erau. 

than thermotoJe r ant ba c teria in .ed1u_ 2 at all pH value. and 

at a l l sites . At si t e I , f a c ultative the r.ophilee were 

c u ltivated f r o m pH 1 . 0- 13 . 0 . They were abundant at pH 9.0 

( 2 x 10· c fu / ml ) ( Fig . 5) . Therrnotole r an bac ter i a were g r ow n 

f r om p H 7, 0- 12 . 0 a t si t e 1 the hi g hest cou n t bei ng 1 x 10· 

c fu / rol at pH 9.0. 'T he growt h patte rn of both facul t ative l y 

the rmoph ilic and the rmolo]erant bac t e ri a in mediu m 2 waa 

s imilar at site 2 to t hat of site 1 . facu l tative the r mophiles 

we r e f ou nd i n abundance (2 x 10· cfu/ml) at pH 9 . 0. 

Th ermo t oleran t bac t e r ia were also abu ndant at pH 9 . 0 (9 x 10l 

c fu/ml ) . 

Bac t erial coun ts a t site 3 and '1 i n medium 2 were 

o btai n ed f r o m pH 7 . 0 - 1 3.0 (Fig . S) . At site 3, t he highest cou n t 

of fa c ul tat ive t he r moph l. l es (3 x 104 c fu/ml) a nd 

t hermo tole ran ts (5 x 10l c f u/ ml) we r e a.t pH 9 . 0 . At site 4, 

fac u lla ti ve t he rm o ph i l es we r e abu ndant (1 x 104 c f u/ml) a t pH 

9.0 . At t he pH o f 9 . 0 t he r motole rn t bacte ria we r e abundant ( 5 

x 103 c f u/ml ). I nc r ease s i n medium pH above 9 . 0 re s ulted in 

de creases i n to t a l c oun ts of bac teria. 

He di um- 3 

Medium- J s uppo r ted t he growth or facultative 

thermoph ilic bacte ri a at pH values 8.0-12 . 0 and t.her.oto l e rant 

bacte ri a at pH 8.0 - 10 . 0 at site I (Fig . 7). The highest count 

o f facu lta t ive thermophi l es (2 x 101 cfu/ml) and that of 
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therrootole r a nt s (5 x 101 cfu/ml) we r e recorded at pH 9.0 . 

Facultative l he rmophiles at sitp 2 grew at he pH value. 8.0-

12.0 wit h t h e highest count (6 x tO l cfu/ml) at pH 9 . O(F!g . 8) . 

Thermotole r ant bacteria on the ot he r hand grew Crom pH 1.0-

11.0. They we r e fou nd i n abundance at pH 9.0 (6 x 10
' 

cfu/IIII ) . 

Facultat i ve thermophiles g r ew at pH values 8 . 0-12.0 the 

hi g h e st bei ng (6 x lO~ c fu / m] ) at pH 9 . 0. TherlDotolerant 

bacte ria were g rown at pH values 8 . 0 - 10 . 0 . (Fig. 9) . They were 

abu ndant ( 2 x 103 cfu / ml) at pH 9.0 . Medium 3 did not support 

growth o f bacte ria a t site 4. Increases in mediull pH above 9.0 

resulted in decreases in tolal cou nt of both facultative 

lhermoph iles and thermotole1"ant bacte ria. I n medium 3 , 

fac u l tati ve t h ermophile s were mor e numerous than thermo tolerant 

bacteria . 

Medium-4 

In medium 4, more numerous facultatively the rmophilic 

bacteria were cu l tivated t han thermotolerant bacte r ia . At aite 

II fac ultative the rmoph iles grew from pH 7.0 - 11.0 while 

t hermotole r a nts gre w from pH values 8.0-11 . 0. Facultative 

t hermophilE" s were abund ant (i x lOt cfu/ml) at pH 9 . 0. 

The rmo tol e rant bacteria were a lso abundant at pH 9 . 0 (3 x 10
1 

c fu/ml) Fig. 1 0 . Fac ultayive thermophilea at site 2 grew from 

pH 7 . 0- 10 . 0 wi th t h e h ig hest coun t (4 :t 10
1 

cfu/ ml) at pH 9.0. 

Thermota l erants o n the othe r hand grew at the pH of 8.0 and 

9.0. 
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The growth pattern o f bacteria in aediu. 4 at . ile 3 w.e 

restt'icted to pH va lue s o f 8 , 0-10.0 (Fj" . ll). The hllhe a t 

fac ultative the rmoph ilic c Oll n t (3 , and 

• th e rmo t ole rant c oun t (3 x l Ow cfu/ml, being at pI! 8. 0 . t ut~ 

-l , growt h o f bacteria were obtained at pH valu e . 7.0-9.0 . 

Facultative the rmophile s we r e abu ndant (5 x 10' c fu / all at pH 

8 . 0 . The population of the rmo t o l e ran t bac teria at pH 8 . 0 and 

9.0 wa s the same (2 x 101 c fu /ml) . 

3 .4 . THE SPECTRUM OF MICROORGANISMS I SOLATED AND CHARACTERI ZED 

FROM THE HOT SPRING. 

In the course o f t h is study 44 microo r ganisms were 

isola ted a nd char a c teri zed fro m t he hot spring, or these 

isolates, 29 we re identified t o the species level a nd 3 0 he 

ge nu s lev e l ( Table 3) . The r e main i ng 1 2 isola te s were not 

identi f i e d (Tab l e ,I ). The se i sola t es r eq u i l'e detailed analyses 

to determine t heir taxono mi c position . Among the unide nt irled 

isolates, s i x \<.'ere Gram-positive, no n- spO l'e f o r ming , c atalase 

a nd oxidase posi tiv e , indole negative motile r ods. The 

remaining six were filame ntous rods having features similar t o 

the rods me nt ioned above. Bes ide s he bIochemical and 

morphological c haracte ristics s ho wn in Table 4, eats like 

utilizati o n of suga r s (e, g xylose , trehalose , 8u c rose, 

ra ffinose ,mallose) were perfo r med on he lsolates . 

Followj ng t he c lassification of Farrel a nd Ca.pbell 

(1969) and Stanie r Al . (1970) the microorganl •• s were plac ed 

into t wo catego r ies : 1) facultative the rmophilea and 
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thermo tolerant . Ba sed on his g r o wth temperature dependrnl 

sc he me . Bac j 11ll s megate riym, Bacillus brevis. pacilllJ. lenly., 

Bac illu s stearothermQphllus And Bacillu. .nrcoccanya were 

placed in the category o f f acultative the rlllophile •. On the 

ot he r hand Bacillus ci r cylans I BIlCilluB cereua . Bacillya 

pacificus. Bac illus pAnt hothenicus , Bac illus lirmul, BacIllus 

subtilis , Bac i llu s pumilis anu Micrococc us species were 

identif ied as the rmo tol e r a nt. 

The most frequen t l y isolated bacteria from t he hot 

s pring was Bacillus stea cot he rmophll u8 . Bacillys brevis , and 

Baci llu s c irc ula ns And HiroC9CCu S s pecie s we r e the seco nd most 

a bundant isolates. These were follow e d b y Baci llu s megaleriuDiI . 

Bac i llus sph a e ri c u s , and Bacillus s ubtilis . Other species 

belong ing t o genus Bac illus were also isolated from the hot 

sp ring during the st ud y pe r iod . 
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Fi gu r e 5 . Total nu mber o f bact e r ia c ul t. iva ted o n med iulIl 

2 at site 1 . , f a c ul tati ve thermophil e s ) , 

the rmotoleran t ( ---1...- ) at 2 : fac ultati ve thermo ph il e s 

( ~ ) t h e rmoto l e ran t ( ~ ) . , ..... 
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Figure 6. Tota l nu mber of bacteria c ul tivate d on med i um 

2 at site 3; fac ultative thermophile s ) , 

thermotolerant at site 4· , fa cul tati ve 

thermoph lles ( ~ ) , thermo tolerant ( ) . 
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Figu r e 7 . To t a l numbe r o f bac t e ria c u ltivated on medium 

3 at si te 1 ; f acu l t ati ve the rmo ph iles ( ) and 

thermo tole r a nt ----'-- ) . , 
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Figure 8 . Total number of bac t er ia c ulti vated on medium 

3 at si Le 2' , fac ultative thermophiles ( ) and 

t he rm o t olerant ( ~ ) . 
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Fi gure 9 . Total numbe r of bacteria cultivated o n medium 

3 at si te 3; f acul tative thermophil es } and 

thermo tol e rant ( I ) • 
--r-
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Fi gure 10 . Tot al numbe r of bacte r ia cultivated on med i um 

4 at s i te 1 i facultative thermophiles 

the rmotole rant ( -+-- ) at site 2; facultat i ve 

t he rmoph i les ( ~ ) , thermotolerant ( ~ ) . 
' I' .~ 

J . 
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Figure 11 . Total numbe r of bac te~ia c ultivated on medi um 

4 at s ite 3; fac u ltati ve t hermoph iles ) . 
the rmotolerant ( __ i __ ) ; at site 4 ; fac ul tative , 

thermophiles ( _~'~':-_ 
" 

) and t hermo tol e rant ( ) . 
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Table 3 

Lis t o f bac t e ria identified to the spec ies and the genu a leve l 

Name of o r gani sm 

Bac illus stea rothermophilus 

Bac i ll us brevis 

Bac illus. ci rculans 

Bac illu s megateriu m 

Bacillus sphae r icus 

Dacillus subt il is 

Bac i l lu s lentys 

Bacil lu s li c heniformis 

Ba c illus c ereus 

Bac illus pacificus 

~a~ illus pantltothenif.: u ~ 

Bac illu s marc o c canus 

Bac illus pumilis 

Ba~ illus fir mu s 

Mi c r oco cc us sp 

To tal 

No . o f 

I solates 

9 

3 

3 

2 

2 

2 

I 

I 

1 

1 

I 

I 

3 

32 

28 .1 

9.3 

9.3 

6 .2 

6 .2 

6.2 

3 . 1 

3 . 1 

3 . 1 

3. 1 

3 . 1 

3 . 1 

3 . 1 

3 . 1 

9 . 3 

I OO X 



36 

Table <I 

Unidentified isolates and t hei r major biochemi cal and 

morphological characte r isti c s 

Code No . 

UR-[ UR- 2 UR-3 UfR- [ UFR 2 - UFR- 3 UF R- 4 UFR-5 

O[ R R R FR FR fR FR FR 

02 t t + 

03 + + , 

O. t 

05 + + + + + 

06 + + + + + + 

01 + + + + 

08 + + + + + + + 

09 + t + + 

10 + + + + + + + 

01 = morphology , 0 2 ::: methyl - red t est , 
03 ::: Voges-Prakaur's 

test , 04 ::: c itrate utilizat ion, 05 ::: nitra te reduction, 06 :: 

urease test . 07 ::: anaerobi c growth , 08::: sta rc h hydrolysi s, 09 

::: escu lin hydro lysis . 10 ::: gelatin hydrolysis, R ::: rod, PH ::: 

filamentous r d o , 
UR ::: unide ntified rod, UFR ;: unidentified 

filamento us rod , + ::: po s i tive reaction . - ::: negative reacti o n. 
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Ta ble 4 (conti nued) 

Code No . 

UR- } UR- 2 UR- 3 UFR-l UF R- 2 UFR-3 UFR-4 UFR- 5 

11 + + + + + + 

} 2 + + + + + + 

13. 20 30 20 20 20 20 35 30 

13b 45- 50 50- 55 45-50 50- 55 45- 55 45-55 55-60 H-50 

13c 55 65 65 65 65 65 65 60 

14 5-1 0 6- 10 5-10 5-10 5-1 0 5- 10 6-10 5-

15 2-7 2- 7 2- 5 2-5 2- 7 2-7 2-i 2-5 

11 = h ippu r ate h ydro lysi s, 12 :: po l y-B-hydrox y bu yrate , 

accumul a tio n test , 1 3 = growt h te mp e ra ture(oC);8 :: .ini.ua, b 

= optimum, c = max imum , 14 = pH r ange f o r growt h, 15:: growth in 

NaCl('X) . UR = r o d, UFR = f i l ame n t.ous rod, -+ :: poslllve 

reac tio n , - = n e g a ti ve re act i o n. 

3 . 5 , POPULATION DISTRIBUTION OF THE MI CRooRGANI SHS AT THE 

VAR I OUS S ITES 

The populatio n distribution o f r c ulLAl ively 

thermo p h ilic a nd t he rmoto l erant bacteria fra il th~ he .prin, 

wa s fou nd to be variable (Table 5). The occurre nce o f .oae 
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isolates was not site specific. Bacillus stearot.bc r aophUy., 

Dac illus b r evis and Mi c rococcus s pec ies \o'e re iso lated fro. all 

si t es \o,'h ere the temperatu res were be t ween 96-SS oC . On the other 

hand the distribution of some o f the bac teria was restri cted 

on l y to one , two or three si tes . Bacillus megateriulII, BAcillu. 

l e ntus , Bacillus l ichenifo rmis , Bac illu s pac ific us , Bacillus 

sphae ri c us ... ·e re iso lated at sites 1, 2, and 3; Bacillus 

s ubtili s at sites 1, 3 and ·1; Bac illus pumilis a s ites I. 2 

and ~. Bacillus circulans and Bacillus cereus were isolated at 

t wo sites . Bacillus firmus a nd Bacillus ]llI.nthotbe ni c u9 were 

isol ated at o ne site only. 

Among the unidentified microorganisms, UR-i and UFR-l 

were isolated from all sites. UR- 3 was isolated at s ites 1 , 2 

a nd 3 a nd UR- 2 at sites 1 , 2 a nd 4 . UFR - 2 was i solated at sites 

1 and 2 . In addi tion , UFR-4 and UFR-5 we r e restricted to one 

s i te onl y . 

Generally , there had been dec r eases in numbe r of 

bacte ria per ml of water samples of most bacteria fr om higher 

tempe rature (96oC) t o l O\Oo'e r tempe rature (5S oC ) . The populat ion 

of some . stable at all environme ntal mi c roorgan1s ms was 

temperature 
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Tabl e 5 

Population di st ribut ion of the mic roorganisBs at the various 

sites (cfu/ml o f water sampte ) 

Name of 

Organism Site 1 

Medium pH 

S ite 2 

Medium pH 

S1 te 3 S1 ttl " 

Mediu. pH 

>6<8 8-10 >10 >6<8 8-1 0 >10 >6<88-1 0 >10 >6<88-10 >10 

Bac illus 

m~gaterium 7xl03 lxl01 2x lO' 2x l OI -

,B .J:Jrevis lx l OJSxlO' 5xlO' - lxlOI 5x lO' .lxlO3 l xl O'2x lO - 7xl03 

fi.lentul'!. 2x103 2:<103 3:<10' 

~ . lichenifomis 4xl03 6x103 8xl0' 5:<10'-

fi . c-rcylans 1x10' l x l0' 

j! . cereus _ 6x l01 2:< 10J 



Name of 

org&n i sm 

Baci llus 

pnci f icus 

~. spha.eric us 

j} . pllthoth 

en icus 

~ . steltrQth-

e rmo phillls 

~. lDarcocanus 

n · pumilis 

I! . subtllis 

n. lirmus 

Mi !:;; r ocQ£cus 

sp. 
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Table 5 (cotinued) 

Si te 1 Site 2 Site 3 S1 te " 

Medium pH Mediull pH Mediull pH Hedi ua pH 

>6<8 8-10 >10 >6<8 8-10 >10 >6<8 8-10 >lO >6<8 8-10 >10 

- 7x106 -

lxl0'6xl0' 

5xlOl 

9x lO3. 

9xl03 

l xlO! 

l xlO! lxl0~-

I x 10;1 

7x10l 8xlO'7xl01Sxl016):lO'lx10! 2xl013xl OI 

b lOlZxlOl -

IdO' bIOi 

3xtOl 

, ' 1 , 
2x10'4xlO' - hlD 1x lO'h.10 hi D 

• 
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Table 5 (conti nued) 

Site 1 Si te 2 Si te 3 Site 4 

Medi ull pH Mediu. pH Mediu. pll 

Code No . >6<8 8-1 0 >10 >6<8 8- 10 >10 >6<8 8- 10 >10 >6<8 8-10 >10 

UR-l lx l0~ 2xlOI - h IO' - 3x lO!-

UR- 2 1x l o1 - 2x 10l -

UR-3 2xlO' -

UFR- l 
, 

2x10· lxl o1 -

UFR- 2 3xl 01 -

UFR-3 4, 101 -

UFR-4 

UFR-5 
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3.6 POPULATION DISTRIBUTION OF BACTERIA IN TilE TII ERHAL 

GRADIENT. 

The dist ributi on pattern of . . SlX lsolates in the 

the rmal g radient is shown in Tabl" 6 . D .... ec r eases i n the 

p o pula t ion of bacter i a we re o bse r ved 8S the tempe r ature of t he 

ho t sp ring water i n t he gradie nt dec reased . Bacillus brevl. , 

Bac i ll u s stearot he rmophilus, a nd Mic rococc u s sp. we r e found 

throughout the thermal gradient. On t he other hand . BAcillus 

lentus J and Baci llus lichepiformis "" ere isolated at W& e r 

te mperatures a bo\' e SOoC . Bac illus sphaeri c us was iso l a ed at 

tempe ratures above 70°c . 

3 . 7 TEST OF ISOLATES FOR AHVLOLYTIC AND PROTEOLYTIC ACTIVI'TY 

Proteo l yti c a c ti v ity was demonstrat ed b y 15 isolates 

(Tab l e 7). Bacill u s stearothe rmoph il u§ , Bacillys brevis, 

Bac ill u s sphaericus , Mic r ococcu s sp. and UR- l we r e s ho .... n to 

have high proteolytic act ivities . Eig h tee n "isolates .... e r e 

positive f o r starc h hydrolysis indi cat ing that they produc ed 

t he enzyme amyl ase . Iso lates with hi g h amylolytic a ct. ivity were 

Bac il l us megaterium, Baci llus I iche niformis . Bac illy. 

p a n thot.henicu§ , Bac illus paci ficus, Bacill us firJlu !J , UR-2 and 

UFR-l . Bacil lu s ce r eus . Baci llus pac ificUi, Bac illus 

panthothe nic us, Baci llus pumilis, Bacill us subtilia , Bacillys 

fir-mus, Bacil lu s ci r c ul a n!:'l. UR-l. UFR-l , UFR-2, UFR- 3 and UFR-4 

t No isolate . howed were posit i ve for both a mylase a nd pro ease. 

negative a c tivity to both enzymes . 
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Table 6 

Dis r ibut io n of bacte r ial iso lates in the thermal g radient 

Name of Si te 3a Site 3b Site 3c 
Organism 

Med i um pH Medium pH Med i um ISH 

>6<8 8-1 0 >10 >6< 8 8- 10 >10 >6<8 8- 10 >10 

Bacillus 

br evis . 
3x l0' -

M. s t earoth-

ermophilus 6x l O3 2xl04 7 x 1 0 2 8x 1 03 8,,10] 7)( 10) 

n · lentus 5xlO1 

.l1 . 1iche niformis I x l03 2xl 01 

ft · sphaericus 9xl01 

Mi c roc occ us sp. • 2x l O" 3xl03 2xl03 3xlOJ 1,,10'2,,10' 
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Table 7 

List of i s olates showing e nzyme ae i v ity . 

Iso late amylase proteaBe 

Bacillus megateri um + 

Bacillus brevis + 

Bacillus l entus + 

Bacillus li c heniformis + 

Bacillus cereus + + 

Bacillus p8cificus + + 

Bac illus panthothenic u$ + + 

Bacillus sphaericus + 

~. s tearothermophilus + 

Bacillus marc ocanus + 

Bacillus pumil i s + + 

Bac iJJ,!'!s subtilis + + 

Bacillus firmus + + 

Bac illus s;;i rculans + + 

Hicrococcy s sp . + 

UR-l + + 

UR-2 + 

UR-3 + 

+ + 
UFR-l 

+ + 
UFR-2 

+ 
UFR-3 + 

• 
UFR- 4 + 

UFR-5 + 
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4 " DISCUSSION 

t e mp e rature o f the hot s pring ( 6·C. and 

the pH (7 . 0) measured during the s t udy period 
were comparabl e 

The maximum 

to the values (97°C a nd pH a. 5) regi stered by Pitwell in 1971 
of t he hot spring at Sha ll a . There e xisted only a n~glllble 

differe n c e i n temperature of • 1 a nd pH of 0.2 uni 8. This is 

not unus ua l be c ause many ho t spr," ngs " r e mlune d co nstant in 

physica l, c hemi c al and o t her features fo r several )'ea r s (Brock, 

1967). He n ce t he tempet'aturc and the pH of the hot spring under 

st ud y c ha nged little in t he l a st 20 y ea r s since Pitwell (1971) 

took the measurements. 

Most investigator s have used diluted media o r .edta 

t.,' i th l o w concentrat ions of nu t ri e nts t o cultivate 

microor g a nis ms fr o m bodies of I'a t e r. ( Egorova a nd Loginovft, 

197 4; Ramaley and Hix on, 1970). This line o f approach WAS 

co nside r e d to d ete rmine whi c h medium suppo rted excellent. gro~·t.h 

and also fa vored the isolation o f numerous but dif fere n t kinds 

of bacte r ia . In addition , other possibilities in .edia 

formulations we re a l so inc luded . As a result , t he medie. 

e mpl o yed and put into comparison co ntai ne d: a) normal st reng h 

of Tryptone Soya Agar (TSA) b) o ne - qua rte r strength of TSA 

s uppleme n ted with trace mine rals c ) trac e mi ne r als with o u TSA 

d) sle rile h o t spring water instead of trace minerals wi h out. 

" t t a c t was COllUDon to all TSA . Equal con centratl ons o f yeas ex [' 

media . Gl u cose was i nc l uded in all media exce pt in the nOlDal 

st r e ngt h o f TSA. Unlike the findings of Ego r o va a nd Loginova 
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(1974) and Ramaley and Hixon (1974 ) t h 
• e medium whi c h suppe r ted 

the g r owth of d ifferent kinds of bact . 
erl& was medium 2 whi ch 

~ontai ned the normal st rength of TS A Ii d ' 2 
. e lum Supported growth 

of 22 iso l a t es which represen t 50 X of the total isolotelll(Table 

2) . Th is was followed by medium 4 h > h 
\til I e contained hot apr! ng 

water. Ten bacteria were i solated on med ium 4 E 1 . Ibp oyi ng one-

quarter strength TSA supplemented with trace minerals Solulion 

(medium 1) was better in s u ppo rti ng growth than using trac e 

mi nerals soluti o n in the absence of TSA ( medium 3). Medium 1 

favored growth o f 7 bac teria whilE" medium 3 performe d poorl,; 

only 5 bacteria were i solated o n medium 3 (Table 2). Though 

inc orporating hot spring water (medium 4) improved on t he 

number o f isolates, it did not in any way co mpare with the use 

of n o rma l strength of me dium (meditlm 2 ) . 

In this s t udy, higher total faculta tive thermophili c 

coun t was recorded than the rmo tolerant count (Fig 2-11). Among 

the identif ied isolates, the number o f facult ative t henlophiles 

was also more numerous than the- number of thermotolerlmt • • Nd 

p schrophil e or bacteria capable of growing at IOec o r leu ;,ere 

isolated. The popu l ation of bacteria isolated fro. the reI i on 

of highe r temperature in the t hermal gradien t was much bieher 

t han fr o m the re~don with lowe r temperature i n t he ,radien\.. 

Tha t i s , the popUlation of the isolates at s ite 3a was hi, he r 

1 t t he bacteria than t h ose a t sites 3b or 3c (Fig.i ) . As a re Sll , 

isolated 'Were most.lY ~her"lIIophll ic . Bacteria luoh as Boci l lus 

lentys. Bac illus liQ;henifo flli l and to ,olle extent Baoi llul 

sphaericu s , which were present at site 3a ~~re .bsent at site 
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3c whi c h h ad a te mperatu re of about 60°C (Table 6). On he 

other hand Bacillus stearothermophilus and a Gram-positive 

COCC US identified as Hic r ococ c u s sp . were present at all ailes 

in t h e thermal gradient (Table 6) . Studie s on the act iviti es or 

organ isms in natural geothermal habi ta ts sugges t t hat o rganisms 

Ii vi n g at high temperatures are opt .!. maily adapted to those 

temper.atures and are mostly t he r moph i lic (Brock , 1986 ) . 

There f o re , it can be conc luded t hat t he mi c r oorgani s ms in t he 

hot spr i ng under study are adapted to high e mpera t ures. 

Moreover, the temperature of t he ha b itat c an be conside r ed also 

as t he best incu bation tempe rature fo r cultural s tudies (Brock , 

1986) , 

T he media pH ~'ere adjusted to 7.0 - 13 . 0. HOlo'ever, the pH 

,d th the highest total coun t rega r d l ess o f the ki nd of med ia 

1 d b t 8 0 d 9 0 IF1'g 2-1 1 I. The highest emp aye I",as e ween . an. . 

population o f t he mic r oorganisms isolated a nd charac teri zed 

"'e r e also obtai ned at media pH between 8 . 0 and 9.0 (Table 5) . 

Decreases i n media pH be l ow and above the o ptimum (8-9) 

d ' the populat l'on of bac teria (Table 5). r esul ted in ecreases 1 0 

This s uggested that the pH o f the wa Le r was the best raedtura pH 

f or c ul t u ring 
. [ - om the hot spring. t he mi c roorgan l sms L 

( 7 13) f o r g r ow h than 
Thermoph i le s had "' ider p H range -

thermoto l e rants (7 - 11) . Also, the rmo t o i e r ant bacte ria tended 

grow al me dia pH lowe r than that o f thermophiles. 

he 

o 

, g whi c h g r e w in .edis 
All isolates fro m Sha l l a ho t sprln 

mostly r od-shaped (Table 3 and 4). 
1-4 were Gram- pos itive and 

The r efo r e comparison o f the 
f t he mi croor gani ••• spectrum 0 
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isolat ed i n t hi s study wi th mi c r oo-gan,'sms ' 1 
L .l SO ated earli e r 

from o ther ho t springs was dif ficult to make because no 8~ud, 

ha s been done in hot springs of Et hi opia in general and Shalla 

hot sp ring in par ti c ular. Sa ik i ely. (1 972) and Br oc k (1985 ) 

f ound out that Gram-negative bacter ia grew a t tempe r atures 

h igh e r t h an those of Gram-positive bac t e r ia . The absence ot 

Gram-negative bacteria may be due to e it.he r t he nature of media 

e mp loyed , t h e i nc uba ti on tempe rature o r bo t h. Gram- negative 

e x t r e me t hermophile s we r e i solated after enrichme n t in liquid 

culture at i ncubat ion temperature of 70rt C. Howe\'er, attempta t o 

s ub- c ulture these organisms o n solid media led t o c ulture 

fa l lu r e . Bac illus stear othermoph il us .... as t he roost a bundan 

bacterium ( 7x l 03- 8xlO{c fu/ml) isolated during thi s studY 

t Table5) . Bac illus stearothermophilus is t he most studied 

thermophile , a nd many s trai ns have been iso la ted from hot 

springs (Ramaley and 

Ljungdahl , 1979). 

The bac teria 

Pozmog ova ,1 915 ; cited in Bitzige r, 1975; 

i solated t h ' s tudy demo nstrated in ~s 

Some of the isolates 
acti v ity t o eith e r amylase or p r otease . 

s hoHe d activ ity t o both 
en z~,'mes (Table 7) . Amylase and protease 

a r e widely used enzyme s in var ious i ndust r ies . The 

mic r oorga n isms iso late d o r 
t he ir enzymes could ftnd application 

tex tiles , l eathe r and dete r ge n . 
in \'a r ious i ndustries suc h as 
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5 . CONCLU DING REMARKS 

In this study attempts have bee n made to iaalate and 

c harac t e rize some membe r s of the a erobic heterot.rophie 

mic r oo r ganisms in one hot spri ng . The media and incubation 

co nd itions employed can not provide all the nece8sary 

con dition s f o r the g r owth of all heterotro phic mi c r oo r gan i •••. 

He terotrophi c mj croo rg an isms are potentially good sou r ces ot 

indust r ial enzymes . Exte nsi on of t hi s wo rk is therefo r e 

requ i red to isolat e and charac terize mor e and more 

mi croorgan i sms from t he hot sp ring fo r this wil l i n turn 

increase the c hance of getting new thermostable e nzymes . 

For c uI turing mi c r oorganisms from the hot spring I 

inc ubation temperatures similar to the tempera tu re o f t he 

natural enviro nment, media ad j usted to the pI! of the water, 

would give a better picture o f the resident microo rgan isms than 

under other incubation c ondi tions . 
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