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I. nlTR.ODUCT!OU 

The principle objective of" this investigation was the isolation and 

identification of microorganisms that produce a significant amount of ~rJ.ase 

when cultivated upon a synthetic basel. medium utilizing starch as a source 

of ee:rbon, and the effect or certain chemical and physical agents on ~rlase 

production. 

In a survey of" the literature ~ one reference was found that :mention

ed the use of a synthetio basal medium 'With the addition of starch, ar e. 

starchy subatnnce, a.s a. source or carbon. This reference material was by 

Tilden and Hudson (1942). However, these workers did not comment on the 

success ar failtu:-e of their work utilizing the S'IJllthetic snedium base. The 

desired result in this investigation was, that by the development of' suit• 

able media and culttn"al techniques, the isolation of organisms particularly 

adapted to hydrolyze sto:rah. 

In a synthetic basal medium all of the eanpounds m-e 1mmm and only 

the so1.1roe of carbon, starch, is or m:1 areanic nature. Since these enzymes 

ere of a proteinaceous nnture (Stmmer and Myrbaok, 1950), it seems that a 

much purer enzyr;mtic extract could be obtained from an inorganic substrate 

than could be obtained from a substrate containing diverse proteins, uhioh 

would be precipitated with the desired enzymes. The synthetic basal medium 

selected tor use here vaa the olle devised by Omeliansky (1904) tar uoe with 

oelluJ.ose decomposers, \11th the substitution of starch for celluJ.ose as a 

source or carbon (part III, A). 
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In an attempt to ellmins.te organismo not producing amylase, the sources 

or 1nocula were placed direct~ into syn·thetic basal. starch medium, incu

bated, and treated with Lugol*s iodine solution (l Gm. iodine, 2 Gm.. 

potassium iodide made up to 300 ml.) and the colonies showing a wide zone 

of eyd:ro~s • ; mm. or better, were picked for future investigation. 

These colonies were examined miaroscopically and ma1\V or the isolates 

appeared to be mixtures. Such mixed cultures have been reported in relation 

to cellulose decomposing organisms (Debrunfaut, 1847; Omellansley, 1913). 

The isolates were purified and tentatively identified according to Berw's 

Mrmual 2£. Determinative Bactarioloq and the Manual ~ ~ Culture Stµdy 

ot Bacteria. 

Further investigations were performed on the effect of pliysioal and 

ehem.1.cal environmental changes on ~lase production. The agents investi

gated w.re; p-1., various chemical salts, and agitation 0£ the culture. 



II. LITIDATUP.E REVI111 

Frcm the !"1l"st reports ot the breakdown of starch containing materials 

by bacterial and fungal activities this action has been of' industrial 

importanoe. The earliest records or the preparation of molt dates back to 

abcn.rf; 7000 B.c. with beer brewing becan1ng an established craft about 

,000 B.C. (Lazar, 1938). Baoterial and mold a:rlTJl"lases were undoubtedly used 

tor centuries 1n Japan and China, but investigations into the nature of 

this action and the enmymes involved did not materialize until sametine 

after the work of Kirchhoff (1815) and P~n and Persoz (18'3). 

The earliest research with the breakdovn of starcl1 was in l8l.5 when 

Kirchhott discovered "diastasen and in 1817 vben Clement asserted that 

starch m.l\Y' be fermented vi thout intermediate conversion to sugar. Peyen 

and Persoz (1833) named the active principle of barley malt "diastase" 

and used the iodine staining property of starch to follow its action. These 

workers even e.ttected a degree of concentration a:nd purification of the 

enzyme by alcohol precipitation. Also war:ldng with malt diastase Marker 

(1678) postulated that there are two ttdiastatic ferments" in melt. This 

vu the Grl.gin of the characterization of' malt diastase as a mixtUN of 

alpha- and beta- diastase. 

Probab:cy the first reoord of the decomposition of starch by micro

organisms came in l8l9 with the wark of deSo:uasure. He reported on the 

seeming~ spontaneous decampoeition of starch paste which had been lert 

exposed to the atmosphere. Debrun!aut (1847) showed that the auger, termed 

maltose by him, which he obtained from starch by the action of malt an'trlase• 
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and which in the course of time had come to be regarded as identical with 

glucose, was in fact different from this sugar, yielded by 1Tta:rch on 

hydro~sis with dilute acids. This work wm1 e:<panded by 0 1Sullivan from 

1872 to 1878 and he found that the mru.tose ohtained from starch on hydrolysis 

with malt aley'lase va.s a disaceharide 1.lith about twice the rotatory power o£ 

glucose, 1.:m.t with a lesser reducing action toward Fehllng's solution. 

Among the first investiGations of the microorganism.a and enzymes in

volved waa one publloat.ion by Atldnson (18$1) on the diastase of '*Koji, tt 

a fermented rice beverage in Japan. Following the first more or less 

incidental observations of' Fitz (1877), Morea.no (1882), Yortmann (1882), 

and Prillie,u (1879}, Fermi in 1890 1.mdertoo..l.c a more comprehensive study 

o£ the behavior or a number of well knfflm bacteria toward starch. While 

working with the diastatio substances of :f'ungal erowth Talr..nmine (lS98) 

desaribed the preparation of Taka-die.sta.se. This fungal enzym.e does not 

give the guaiacrum reaction and the ratio of a:ntrloclastic to saocharogenio 

activity is considerably higher than for malt amylase. Muenter (1910) 

noted that the action or Taka-diastase is injured by alcohol and ether, and 

that ammonium sul..f'ate is the only sal.t useful far its precipitation. He 

also reported on the separation of the eneymes by dialysis, effects of smn1l 

and laree amounts of mcJ:toae, and the effects of temperature on the Bl'!(,Vlo

J.ytio activity of' these enzymes. 

Schardinger (1908, 1909, 1911) cultivated ~µs maoerpm, on starches 

and obtained from these a·l.nrehes n Cl""Jstalline dextrins." These dextrins 

are a mixture of two water soluble, non-reducing dextrins which may be 

isolated with ease• These cmpounrls ere known as the alpha- and beta

Scha:rdinge:r dextrins. 

The d.iscovel"'tJ of bacterial anwlases for comfuercial purposes is credi t~d 

to the work of Boiden and Bf.front. These workers introduced the use of 
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BacillYJ! subtiJ.is far the production of' amylases in 1917. Considerable 

detailed investigations have been ~rfornied on the a.ntrlases of Bo.cn;:t!,Y! 

subt111s and !3acill;i,m piesenteriwvu these a?J:Wla.ses have found wide appli

cation in industry. Efi'ront (1923) contributed more work on the amylo

prooess mid the industrial application of bacterial amylases. 

Mare reoent work with bacterial llllzy'lases has been by Kl:nyver {1931)., 

Wulleratein (19~), Willitl?M (1939), and Tilden and ltudson (1942). Also 

contributing r~atly in ·this field are Kerr (194.2, 1943, 1950), Dalla and 

Schwimmer (1944), and Beckord, Pel-tier, and Kneen (1946). Other workers 

in ma~· fields have contributed to this stiidy but they are far too 

nun:erous to list here. A more detailed biblioeraphy mey be found in 

Walton's ~tq:"V$9Y: g£. St£Qb Chegistu (1929), E~ mil Their f<.9J.e !n Wheat 

Teohn9ln, edited by A. Anderson (191*'6), R. w. Kerr's Chqmis;tn and 

IadustD: gt_ Stargb (1950), and Theysen and Gallowey '!'he Mierojli~ .S!t. 

Starch 9!lS. Sugars (1930). 



Ill. EXPIBIME.lfl'At 

In search of bacteria. possessing high am;.vlol:ytic activity, ma.ny sources 

of rough inoouln hnve been investi:.:;ated. Bechmnp, in 1886, foUll.(1 certain 

orgruu.mr.s .in chal.J: which were capable of directly fermenting starch. In a 

report by Peltier and Beokord (1945) it was reported the best sources for 

obtaining these organisms were ropy bread, starches, nours, thin otillnge, 

air, and l'llanUl<>eS. Of these sources, the ropy bread was the most i'rui tful 

and the manures least fiwttl trul. The sources of rough inocula used here 

were silo.ea iron the bottom of an old silo, sputum, f'iel.d soil, soil around 

grain elevator, dust inside the g:rainerJ, se.mples of rat feces a.t the 

grainery, air oramrl.sms, dr1ec1 l>eans, and household starch. 

In an attempt to isolate orga.n!sma different :f.'l:'an those obtained by 

previous workers the medium used was that devised by Omelia.nsky (1904) far 

cellulose decomposers. Starcb w..s aubati tuted for the cellulose in a 

measuJ:•ed amount. This :medium contains the nutrients necessary for growth 

of the strains of bacteria. isolated and was prepared as follow: to a 

liter of distilled ,rater is added, l gram t!l!'Jaonium sulfate, l eram dipo

tassi UlJ1 phoopha.te, • 5 gram maez1esium sulrate, .3 r,-ams oru.ci um carbonate, 

trace of sodium ch.loride, and 2 r,-a.ms of starch; this solution was placed 

in containers (flasks or tubes) and autoclecved for 15 minutes at 15 pounds 

pressure. For the preparation of slants and plates 1.5 per cent Baoto-Aga:r 

was added. Th.is med:i.u.m p;rovec1 more satisfactory for this purpose tlm.n did 



Czap,k•s1 or the medilU"ll. described in the Manual for Pure Culture Study of 

Bacteria (Lea.net II 50 -17) , in that it provided more o.btmdant growth than 

did the other two media. 

Methods and Remy.ts 

In order to obtain organisms evidencing eucylo~io activity i'rom the 

rougl1 inocula, a random sample of the material was inoculated into 100 ml. 

or Omeliansky'a hroth and incubated for lil hours at 37 degrees. These 

cultures were then streaked onto starch near plates of tho some :m:')cliur:1. 

After incubation at 17 det;,rrees for 48 hours the plates were tested for 

stnrch hydrolysis with Lugol •s solution (l erm1 of iodine and 2 r~ama of 

potassium iodide ma.de up to 300 ml. with distilled water). They were 

flooded with Lugol's solution and the llq1dd poured off after one mimite. 

The colonies showing wide zones of hydrolysis, 5 m. m. or better, were 

picked and placed on starch agar slants. These cultures were retained for 

f'uture twe. The number of eultures obtained from each source is shown on 

Table I. 

TABLE I 

Ntimm OF AMYLOIXTIC CULTURES FROM 
V ~~IOUS SOURCES 

Sotll"'ce Silage Sputut11 Field Soil Dust Rat Media Dried Starch 
Soil GE• GE• Feces Conts:m** Beans 

Number of 
Isolates 2 27 50 

* Grain Elevator, Stillwater., Oklahoma 

** Media Contamination 

8 2'.3 9 

ls. A. Waksman., Principles 9&, Soil MicrobiS?J.og:y, P• 226. 

5 



The dnta 1n Table I indicate that the :most fertile sources far obtain

ing starch reducing organisms were soil around the grain elevator, silage, 

fie1d soil, and rat feces. The poorer sources were sputum, dried beans, 

atareh dust in grain elevator, and media contamination. This data indicate 

that materials high in starclzy' substances, or other carbohydrates, a.re 

better sources for tho isolation of ~lase producing oreanisms. It also 

indicates that enviromental conditions influence the a.ctivities of these 

bacteria. 
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!!• Purification ~ Cultures 

More than 150 colonies of orgruu.sms were ;1icked tho.t indicated strong 

anylolytic activity. Miaroecopic exanination showed thnt r1o.ny (45} of "these 

were mixed cultures. Others (Debrunfaut, HM.7; Omeliansky, 1913) have 

reported similar results among the cellulose cleconpoaers. 

Metbods a.nd Results --------
The following methods were used to separate the nixed isolates: 

l) Serial Dilut1.on Method to extinction, using nutrient strirch agar 

and the synthetic basal medium. The ml.trient-atarch medium consists of; 

._:, per cent beef extract, .5 per cent peptone, .2 per cent stro:'ch, 1.5 per 

cent a.gar. This medium and the synthetic basal medium were both prepared, 

placed in 15 ml. qunn-tities in test tubes and sterilized. 

The procedure followed -wa.'3 the so.me utillzinc lioth ::nedia, the tubes of 

a.gar were rlelted and a.lloved to cool to about 43 degrees. They were then 

used as dilution blanks by adding to one tuba a loopful of the culture and 

nrl.x1ru,.; thorouchly, two loopef'ul were transfered from the first tube into a 

second tube and this tube mixed thoroughly. This procedure was repeated 

until four dilutions had been made of the origino.l loopful of ctuture. 

A.i.""ter the dilutions were prepared the ager was poured into petri 

dishes and incubated a.t 37 dee;rees for 4rJ hours. After the incubation 

period these plates ware treated with Logol ts solution. ancJ those colonies 

showine a zone of bydrolyBis of 5 mm. or better were placed ·on slnnts for 

use in the future. 

2) Streak-Plate Method utilizing the s;mthetic busal-sta:rch medium, 

synthetic basru.-starch r1edium plus gential violet, S:Y71thetic basru..-staroh 

medium plus tyrothricin, and eosin-meU1ylene blue agar• 



The use of the gentie.n violet and the -tyrothricun in the culture 

medium was recor.rnended 1:1'/ the Manual far Ptu-e Cult'LD."'e Study of Bo.cteria ----------
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(Leaflet II-13). The eonoentration of the gentian violet in the medium was 

one part or the dye to one-hundred thousand parts of the mediut1. The 

selective ba.cteriostatio action of t;yxothricin wao obtained at n concentra-

t:i.on or one part of the antibiotic to fifty-thousand parts or the medium. 

The method of' streaking the plates waa the some in all instances. 

After the plates 11ad been po1.'ll'ed and the agar solidified they were eaoh 

streaked with a broth culture. A loopful. of the culture was placed on the 

agar and spread across om side of the plate two or three times, the loop 

was sterilized and streaked across the f'irst strecJta three or four times 

onto a second section of the plate. The loop was again sterilizeci and the 

second streaks were spread over the remaining portion of the agar surface. 

The plates wre then incubated at Y7 degrees far 24 to 48 hours. They were 

tested with iodine solution and colonies exhibiting large zones (5mm. or 

better) were picked. 

Method 

Media 

No. ot 
cultures 

TABLE II 

m.1.mm OF CULTUR.f!S PURIFIED 
BY EACH METI100 

Serial Dilution Streak Plates 

Syn. Basel Nutrient Syn. Basal Gentian Tyro- EM B 
Medium Starch Medium Violet thricin 

12 l2 25 13 7 5 
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Dinoussion 

or the two methods used far purifyinc these cul. tures it is apparent 

(note table II) that the ot1-eak plate method was r.lOl"e ouccessf'ul. or the 

o:idginal 150 cultures only ?4 were retained in pure culture. Of these 74 

cultures, 50 of the:m were obtained from the streak plate nethod, and the 

remaining 21,. were. from the dilution plates. These 74 isolates were 

tested for their anylolytic abili tias by plucing them on synthetic starch 

media and tosting then w1.th iodine after incubation. From this group 

15 cu1tures were discarded for the lack of starch breakdown. or the 

remaining organisms 20 or them ,i1ere selected for further study. These 

organisms were selected by the extent of the starch hydrolysis zone. Of 

these orgru:d.ams some of them produced a very large zone (10 to 15 mm). 
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Q. Descrintion .!Y!l Tentative Identification 

st, the Isolates 

The organisms isolated were identified with the aid of Bergey•s Manual 

of Determinative Bacterioloa (1948). 

Methods Jmd Resu1t§ 

The media and-'procedures utilized in these determinations were those 
1 

recommended b-J the Manual J.sE.. F.Y£! _ Cul.ture ~ of Bacteria. The tests, . 

performed include the gram stain reaction, presence of endospore, cell 

morphology, and motility (see table III); utilization of carbohydrates, 

nitrate reduction, gelatin llque:fication, acetylmethylcarbinol production 

(Voges-Proskauer reaction), action on milk, and citrate utilization (see 

table IV). 

The examination of the isolates for oell morpholo@" and spore formation 

was made on the some preparation. The cul tares usec were 36 hours old and 

stained with a dilute solution (1:100) or gentian violet as a simple stain. 

This stain presents a clear picture of the individual cell morpholoey and 

the presence and position 0£ endoapores. Tl1e e,;""am stain technique was 

Bucker's Modification2 performed on 18 hours aultures. The motility 

studies were performed in a hanging drop preparation. The medium far the 

motility studies was the synthetic basal starch :medium in a broth prepara

tion. The tubes were inoou1ated and incubated at YI degrees from 12 to 18 

hours before examination. 

1 Maau:aJ. for Pure CµJ,tU't'§ Study 9f. Bactm,a. teanet IV J./)-6. 

2 ~., P• 8. 
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The fermentation of oarboliydrates was carried out in a basol. nutrient 

medium containing • :: per cent or the carbohydrate to ba tested, with phenol 

red as an indicator. The carbohydrates were prepared by filtration:3, and 

added aseptically to the tubes of basaJ. medium after they were sterilized. 

For the detection of gas production Durham fermentation vials were placed in 

the test tubes before sterilization. 

After addition of the carbohydrates the tubes were inoculated with a 

uniform amount 0£ a cell suspension of the organisms. This suspension vas 

prepared o.r wn.sl:.ing a 24 hour slant culttU"e with sterile water. These tubes 

were incubated at 30 degrees and examined at 24 and 48 hours. The character

istics were the yroduction of either en acid or alkaline reaction and the 

pr.-esence or absence of gas. In an acid reaction the indicator was yellow 1 

if neutral the red colcr was unchanged, and ii' aJ.kaJ.ine the medium becane 

purple. A:rq gaa produced by the isolates was detected by displacement of 

the medium in the Durham f'ernentation vials. 

The ability to reduce nitrates to nitrites has assumed impartanoe as a 

differential character in the identification if some bacteria. To test far 

this ability the isolates were inoculated into Bacto-ni trate agar end Bo.cto

nitrate broth. 4 These tubes were incubated at 'J7 def_,Tees far 48 hours. 

After incubation they were examined £or gas as shown by foom in the broth 

or ar·aaks in the agar. They were next tested for nitrite b'iJ placing a few 

d~ops of the sulfanillc ucid5 and the alpha-naphthylanine6 rec.gents into 

3 ll1£•, Leaflet I150-5. 

4 Difeo Laboratories, Difeo Man;wM, P• 134. 

; Sul.fanilic Acid., 8 emaJ 5N Acetic Acid, 1000 ml. 

6 Alpha-naphthylamine, 5 r,n; 5N Acetic A.oid, 1000 ml. 
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each tube of broth and on each agar slant. If the n1 tr ate has been reduced 

to nitrite a distinct pink or red color appears. A control of tminoculated 

media was tested at the same time. 

The methyl red and Voges-Proskauer tests were both performed on the 

same culture. The raedium for this test was placed in large tubes in 10 ml. 

quantities, sterilized, and inoculated -with the isolates. They were incu

bated for 72 hours ~t YI degrees and tested for the o1eavage 0£ glucose 

with the production of acid and acetylmetbylcarbinol. Althour,h the same 

medium was used for both of the reactions the teots were performed in 

different tubes. Controls were tested also. 

The metcyl red test was pe1~formed by adding a slllllll amount of the 

methyl red reagent 7 to ; ml. of the culture end observing the color reaction. 

A positive test was when the culture wns sufficiently acid to turn the 

methyl red a distinct red; a yellow colar with the indicator was regarded 

as a negative test. 

The tost for aoetylmetlylcarbinol (Voges..Proskauer) wo.s performed by 

adding 5 ml. of the culture to an equal volume of 10 per cent solution or 
potassium hydroxide and allowine it to stand overnight. A positive test 

was denoted by the production of an eosin color la;yer in the upper part of 

the tube. 

The citrate test is dependent upon the ability of the bacteria to 

utilize sodium citrate as.,u sole aource of carbon in a synthetic medium. 

The medium, consisting of sodium ammonium phosphate, potassium phosphate, 

magnesium sulfate, sodium citrate, and iromthymol blue was inocu1a.ted with 

the isolates and incubated at 17 degrees for 48 hours. A positive test was 

growth of the organism giving an alkaline reaction which was evidenced 1:ry;, 



15 

deep blue color in the medium. A neca.tive reaction was the lack of growth, 

resulting from the inability of the oreanism to utilize the ci:i;rate as a 

sole source or carbon. 

The :medium used for gelatin llquification was Bacto-nutrient gelatin 

as prepared by the Difeo Labaratories.8 It was nutrient broth to which had 

been added 12 per cent gelatin.. This medium was used chiei'ly to detect the 

-proteolytic properties of bacteria measured by their ability to liqui:fy 

gelatin. In perfornd.ng the test the nutrient celatin was dissolved in water 

and distributed into test tubes then sterilized. Each tube wo.s inoculated 

with one of the ·isolates mu1 incubated at 37 degrees and examined daily 

aver a period 0£ two WMks. To test for liquefaction the gelatin tubes 

were placed in the re_frigerator for .30 mimites. They were then examined to 

see if' on cooling, the contents rer11ained in a liquid state or solidified. 

A positive test is denoted by the gelatin remaining in a liquid condition. 

The milk used as a culture medium here was that prepared by the Difeo 

Laboratories (Bacto-Li tmus Milk). This is dehydrated skim milk to which 

has been added • 5 per cent 1i tm.us as an indicator. The media was suspended 

in water, placed in tubes, and sterilized. .Each tuba was then inoci.ll.ated 

with one of the isolates, incubated at 'J7 degrees and readings taken at 24 

and :3(, hours. The reactions that were important was the production of 

either acid or alkaline, the peptonization or coagulation of the milk and 

reduction of the indicator. Litmus will present a red colat" in uoid, 

purple in alkeH, and will be colorless if reduced by the organism. If 

peptonization takes place ther.e will be a definite serum layer on the milk; 

coagulation of the casein takes pl.nee in strong acidity with a definite 

curdled appearance.9 

S Di.foe ·Laboratories, Difeo Mant:wJ., P• 26. 

9 ManuaJ. for ~ Cµlt'll.J':! S,tugy 9i, Bacteria$ Leaflet V 47 -21. 
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Discussion of Results ----------........ 

On on a:xo:mination of the physical properties of the isolates (table III) 

w:as recognized that the majm·ity or these organisms were gram-positive, 

spore-forr.dng bllC:tlll. Onl.y isolates 35B md '37A were gram negative and 

did not form endospores. All 18 of these isolates ware rod-shaped and 

showed mo·bili ty. !solute 57 presented a sluggish movarnant and its notility 

was recorded as doubtful. 

In the physiological characterization or bacteria the cleava[];e of 

carbohydrates is of major importance. A list of the carbohydrates and the 

action of the isolates on them may be fotmd in table IV• Good growth was 

obtained on all of the carbohydrates, with o.11 of the isolates attacld.ng 

ru:c.binose with the production of acid. It was noted tl:at none of the 

orennisms produced a noticeable amount of gas on any of tle carbohydrates. 

Arabinose, dextrose, maltose, and sucrose 'W8re attacked by o.1118 o! 

the isolates with either an acid or alkaline reaction. The remaining 

carbohydrates, ra.:nked from tl:-0se most widely used to those utilized by a 

few isolates, are: galactob.~ and treha.looe (1?); elycerol, inulin o.nd 

xylose (16) J lactose and ra.ffinose (10); rhamnoae and dextrins (5). 

Nitrates were reduced to nitrites and citrate utilized ns a source 0£ 

carbon by all of the isolates. Gelatin waa liqtrl.fied in all cases except by 

isolates 28 and 36. The methyl red test was negative in all instances. The 

Voees-Proska:uer ree.ction wns positive in ill cultures except isolates 9, 

25'i3 and 36. Of the eir,hteen isolates tested on litmus milk, fourteen of 

them pro:lt1.ced an alkaline reaction and peptonized the milk. Of the f01:ir 

not prod.ucing this o.lkaline reaction (:35B, YIA, 54, 6£,) only one (54) 

show\!td coaguJ.a.ti.on of the milk and litmus reduction, which was n typica.l 
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TABLE III 

PHYSIC/IL Cl!ARACTJiRIS'l'ICS 
OF THE ISOLATES 

--
ISOLATES GR.AH REACTIOll ENDOSPORES ** CELL l{ORPHOLOGY MOTILITY 

., t:. sr Rggs I: ,_, 

6 ,. T Rods ,. 
9 ,. C Rods ,. 

15 V* C Rods ,. 
16 f: T Rods t • 

21A .;. C Rods .;. 
21B f T Rods t 
25B ,. C Rods f 
28 V* ST Rods t 
:35B Rods t I I • 

36 t. T Rods t 
37A - Rods r. . 
L,l t T Rods . I: . . ' 
52 V* ST Rods t I 

54 I- ST Rods f 

57 f C Rods .;. 
66 .;. ST Rods t 
71 ,. C Rods ! 

* Var lnble. 

** C (central), T (terminal), ST (subterninal), - (absent). 



I r-t 
G) I 0 0 

~ s:: 'at ,.. 
0 i 8 'd +:> ~ 

l ~ ;:/ Vl 
M .... C, 

2 - I- f I-

6 - ,/- I- -
9 A f f f 

15 - I- r I-
16 - /. /. /. 

?] ~; - f f ,. 
21B ;. A ,. {-

25£ A I- I- I-
28 I- I- f f 
35B A A A A 

;6 A A A A 

'37A f I- I- -
41 - - - I-

52 A A .f. I-
54 .f. I- I- ~ 

57 - I- I- f 
66 f I- I- I-

TABLE IV 

PHYSIOLOGICAL CHARACTERISTICS 

31 I I I CD 
0 8 31 s I Vl 

-+=> I I 0 
0 t! 0 •r-1 0 

~ "' ~ 
0 .g b 'cit c..t 
~ ~ ~ ~ ::, CD c:, Ct. :a: Ol A 

- - f - I- I- I- I-

I- A A - - I- I- I-
I- I- f - - I- I- f 

I- r ;. - I- I- I- .,. 
I, A A - I, /. A /. ,. - f - I- I- {- I-
f - ;. - I- ;. I- ,. 
I- I- ;. I- I- I- I- {-

;. f I- I- I- f I- I-
A A A A A I- A A 

' A A I- I- {- I- A 

I- I- I- I- /. ;. I- I-
I- - I- - I- ;. I- I-

I- - I- - I- I- I- I-
I- I- f - .f. I- I- I-

I- - I- - I- I- I- f 

I- - {- - I- I- I- I-

Vl 
s:i l * • ..-f • 1s {{ p... 

k k 
+:> * .p 

• i2 • ..... 
A S> t.) 

- I- f I-

- I- .,. I-

- ,.. - I-

- ;. I- I-

- /. /. /. 

- ,. /. ;. 

- ;. {- ;. 

- I- - {-

- I- I- I-
A I- I- I-
A I- - I-

I- ;. I- ;. 

- I- ,I- I-

- I- f I-
I- I- I- I-

I- I- I- f 

- I- I- I-

I 7l I - - I- I- I- - I- - ;. I- f ,. - f I- I-

!(alkaline), {-(acid), -(neutral) for carbohydrates 
«voges-Proskauer Reaction (acetylmethylcarbinol) 
#i·( alkaline peptonization), CR ( coagn.lation-11 tmus reduction) 
R(reduction ot litmus), PR(peptonization and reduction of litmus) 
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s:: ..... t;i:. 

't; 
~ r-t 

~ i! 

I- I-

f I-
I- I-
I- I-
,J. /. 

;. {-

;. I-
I- I-

- I-
f FR 

·- I-
I- m 

I- f 

I- ,. 
I- ,t. 

I- CR 

I- R 

1-· I-
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acid reaction in m!lk.10 The other three (3513, YlA, 66) demonstrated the 

red'!ction of litmus to a colorless state. Isolates 35B and "J7A peptonized 

the milk while 66 showd oncy litmus reduction. 

The characteristics in Table III and Table IV place these isolates in 

the Class ScbizOll\'Yoetes and the Order Eubacterialee. They were further 

classified to the Family Pseudamonadaoeee (Isolates ,513 and 3'7A) and the 

Family Bacillacee.e (all other isolates). 

The Order Eubacteriales and Families Pseudomonadaceae and Baeillaceae 

are described by Bergeyts Manual, page 65, as: 

Order I. Eubacteriales Buchanan. 
(Jour. Baot., 2, 1917, 162) 

Simple and undifferentiated cells which a.re either spherical 
or rod-shaped. The rods mq be long or short, straight or curved 
or spiral. Some groups or species are non-motile, others shov 
looomotation by means of nagella. Elongated cells devide by 
transverse-fission and may remain attached to ~ach other in charms. 
Spherical organisms devide either by parallel fission producing 
chains, ar by fission alternating in two or three planes produc
ing thus either tetrads or cubes or 8 and multiples of 8 cells. 
Mat\Y spherical cells form 1rre8'l,lar masses 1n which the plnne of 
division cannot be ascertained. Endospores occur in some species. 
Some species are chromogenie, but only in a few is the pigment 
photosynthetic (bacterioohlorophyll or other chlorophyll-like 
pigments). 

Family II Pseudomonadaaeae Winslow et. al. 
(Jour. Bact., 2, 1917, 555) 

Cells without endospores, elongate rods, or more or less 
spirally curved. One genus (Mycoplana) bas branched cells. 
Usually motile by polar flagella which al'e either single or 1n 
smnll or large tufts. A few species are non-motile. Gram-riiega
tive (a i'ew doubtful e~am-posit:1.ve tests are recorded in Pseudo
monas). Grow well and fairly rapidly on the surface of ordinary 
culture media excepting Methsagmpnas and some vibrios that 
attack cellulose. They are preferably aerobic, on3¥ certain 
vibrios including Di@Ultavibrio being anaerobic. Either water 
or soil forms, or plant and animal pathogens. 

lO Difeo Laboratories, Difeo Ma,p;µaJ,, P• 141. 



Family XII Bacillaceas Fisher 
(Jnhrb. F. Wiss. Bot., 27, 1895, 139) 

Rod-shaped cells, capable or producing spores, other with 
peritrichous £la&.rella or non-motile; monotrichous £lagellation 
has been reported but is doubtful. Endospores are cylindrical, 
ellipsoidal or spherical, and are located in the center of the 
cell, subterminal.ly or terminally. Sporang1n do not differ from 
the vet,18tative cells except when bulged by spores larger than the 
cell diameter. Such apora.n[.>i.a are spindle-shaped when spores are 
central, or wedge-or drumstick-shaped when spores are terminal. 
Usually Gram-positive. Pigment formation is rare. Aerobic, 
microaerobic, or anaerobic. Gelatin is frequently liquefied. 
Sugars are generally fermented, sometimes with the f orma.tion of 
visable gas. Some species are thermophilic, ie. will grow 
readily at 53° C • Mostfy saprophytes, commonly f ouncl in soil. 
A few are animal, especially insect, parasites or pathogeno. 
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The isolates 35B and 37A were placed in the Family Pseudomonadaceae on 

the following characteristics: they are rod-shaped, Gram-ne ca.ti ve, motile, 

aerobic org'lnisms that gi .. ow well on ordinary culture media and produce no 

endosporea. These isolates (:3513 and 37A) were further classified into the 

Genus Pseudomonaa on the characteristics of absence of pigment, r;elatin 

liquefaction, no vise.ble gas from cv.rbohydrates, and litmus reduction in nilk 

with an acid reaction. 

The Gram-positive organisms were classed as belonging to the Family 

Ba.,cillo.ceae. These isolates (2, 6, 9, 16, 21A, 21B, 25}3, 36, 54, 57,. 66,

and 71) besides being Gram-positive are rod-shaped organisms which a.re 

r.1otile, aerobic, and produce endospores. The f'ermentntion or carbohydrates 

without gas production and their aerobic nature placed them in the Genus 

Bacillus. 

These isolates were further classed into collective groups. They were: 

(1) Bacillus aubtilia group (2, 6, 16, 2lA, 21B, 54, 57, 66, and 71). These 

isolates were placed in this group because of their action on carboh;ydrates, 

gelatin, nitrates, :xylose, nrabinose, and the production of acetylmethyl

curbinol. (2) !?!:3-J'illus mer-atherium group (9, 25B, and 36). The 
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characteristics of these organisms are very similar to the!!• subtilis group. 

The mal.n difference is that acetylmethylcarbinol is not produced. 

Four of the isolates (15, 28, 41, and 52) were gratt-variable. Their 

overall characteristics were thooe of the genus Bacillus. These organisms 

were placed in this genus and fi.:i.rther identification was not attempted. 



ll• Action gr Chemical !!!2S Ppysical Agents 

sm, the Production S?I. Amylase !!. Indicated 

.st !b!. Iodin, Test 
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In an attempt to accelerate growth and consequently, or, independent~, 

increase the production of amylase, a variety of chemical o.nd physical 

aeents were tested to determine their effect. 

The agencies employed here were as fcllowsr (1) Chemical salts in 

varying concentrations. (2) Agitation of broth cultures during incubation. 

(;) Varintion of pH of the substrate. 

Methods and Result@ 

1. Chemical salts in v~ng concentrations. The salts used were 

potassium chloride, potassium metabisulfite, sodium acetate, sodium 

sulfite, and sodium chloride. These salts were added to the synthetic 

basal stm·cb rnedium1 in the final concentrations of O.l, 0.01, 0.001, and 

0.0001 pcor cent. These media and a synthetic basal medium control, con

taining none of the nbove salts, were placed in large test tubes, sterilized, 

and inocula.t,ed. For the inoculation an agar slant was f'looded with sterile 

water and the celln suspended. These cells were washed twice by using 

sterile water and a centrifuge. Inoculation was made by pipette, placing 

each culture into a tube of each concentration of the five salts tested 

am the control medium. These tubes were then incubated at 30 degrees for 

3(i ho1u-s and observations made for starch breal:.down and any effect on growth. 

starch brealtdown wa.a tested by removing l ml. or the broth culture with 

a pipette, placing !t into a Kahn test tube (7.5 cm. x 1 cm.), and adding 

1 The sodium chloride was excluded for this e:aarcise. 



2:3 

2 drops of Lugol ts iodine solution. Growth was measured by turbidoraetrie 

estimations of the increase in the denisty of the broth. 

The conce:ntrations of pote.saiu:r.:i chloride, potassium metabisulfite, 

sodium acetate, and sodium sulfite applied here did not rroduca an appreci

able effect on either the growth of the hydrolytic activities of the 

isolates. However, the use of sodium chloride produced r.1ore favorable 

results in this type of action as is shown on Table V. 

2. Azitation Qi: lh2, cultures duri!lfl incubation. Each organism was 

grown on a starch agar slant and a washed cell suspension prepared as a.n 

inoculum. The rnedilllll employed was the synthetic basal starch :medium and 

was used as a broth. This medium was placed into 250 ml. Erlenmeyer flasks 

in 100 ml. quantities, each flask was pipette inoculated with a washed cell 

suspension and placed on a rotary shaking machine.2 The incubation temper

ature was 30 degrees and each culture was examined for [,Towth and starch 

hydrolysis (iodine ri1Gthod) at 24 and 48 hours. An identical set of flasks 

were incubated under the same conditions, except for the agitation, ns a 

control set. The results may be found in Table VI. 

:;. Vgriation !Jt. the l!! !?J. !m, subst1"ate. The growth ot the isolates 

and their a:rizy-lolytic properties were tested at three different y:i! levels. 

These levels were 5.5, 7.0, and s.5. The medium, the preparation of the 

inoculum, and method of inoculation was the some as that used with the salts. 

The p-1 was adjusted by the use of O.l N hydrochloric acid and O.l N 

sodimn hydroxide. The pl! was determined by the use of a Beckman pl meter • .:3 

After sterilization a check was made on the various pH levels to determine 

any changes developing during the sterilization process. None were detected. 

2 11ew Brunswick Scientific Co., New Brunswick, N. J. 

3 Bec)ana.n Glass Electrode pt Meter, Model H-2. 



After incubation, ;O degrees for 36 hours, these tubes were tested by the 

iodine method (part 1 this section) and the results listed in Table VII. 

Discussiop 

The stimulation of bacterial growth fC11.' enzi.;me production through the 

addition of' salts has been relatively univestigatad. Walton (1928) 

presented very few references on this subject prior to 192S. Kerr (1950), 

and Sumners and Myrback (1950), mentioned the use of electrolytes to produce 

an aeceleratC11.' or depressor effect on amylase activity. However, this 

effect was on the action of the enzyme and not on its production by the 

microorganisms. The primary interest here was the iniluence on growth of 

amylase producing organisms and not on activity of the enzyme. 

Potassium chloride, potassium metabisulfite, sodium acetate, and sodium 

sulfite were tested with negligible and inconclusive results. Sodium 

chloride showed a progressive increase in both bTowth and enzyme activity, 

i.e. increased concentration of sodium chloride produced an increase in 

erowth and starch breakdown. 

The agitation of the culture flasks on the rotary shaker presented 

encoura.eing results. In all cases the agitated cultures evidenced more 

growth and starch breakdOltln than did identical. nasks incubated without 

agitation. Evidenced here, as was demonstrated with the sodium chloride, 

was the direct relation between starch breakdown and increase in growth. A 

further study of the effects of varying salt concentration o.nd the effect of 

agitation on growth and amylase production would yield results which micht 

be of practical importance. 

On examination of Table VII it was found that these isolates were 

tolerant to the acidic and basic conclitions tested. Those providing better 



.. Organism 

15 

16 

2 

57 

71 

6 

21A. 

25B 

52 

. 66 

9 

21B 

41 

3SB 

'37A 

36 

54 

28 

TABLE V 

MECT OF SODIUM CHLOF.IDE 0?1 GROWTH 
AND STARCH BREA}O)OWN4 

Concentration of Na.Cl* 

1 2 ' 
I# 1-# /.I-/. 
IN- I# ./# 

111- #+ I# 
IN- I# NI-
I#- fl.I. I# 
# # IN-

# # ·m 
# # m 
# # m 
# # #-1, 

I- #- #I-

I- I- .JI.I, 

.;.. I- ff 

# # # 

# # # 

I- # # 
I- If # 

I- I- # 

*(l) 0.0001%, (2) 0.001%, (3) 0.01%, (4) o.1i. 
**Control contained no sodium chloride. 

25 

Control** 
4 

#-I- ff 
ff/. # 

I# I-
#1, I-

IN- I-

NI- f' 

I# I-
m I-
1#- I-
I#- I-

·#I- I-
HI- I-
./# I-
# I-
# I-
# I-
# .;. 

# I-

4 . 
Increased &Towth showa increased starch hydro3.l113is and vice versa~ 



TABLE VI 

El''F'~T OF P.G ITATION ON 
GRmmr A1'ID AHYLOLYTIC ACTIVITY 

Grovth 

Isolate l* 2** l* 

24 48 24 48 24 

16 # 1#- ,/, # I-
3513 ,/, 1#- .;. # ;. 

57 f #I- I- # ,. 
2 # r#- - # I-

28 # #,I, - # .;.. 

9 # #-1, - ,t. ,t. 

25B I- #I- - .;.. .;. 
66 ,/, ,/-1,1- - .f .;.. 

6 .;.. # - I- I-
57A I- # - I- I-

52 I- 1-1- - I- I-
54 I- Ii - ,/, I-
15 - # - I- -
21B - # - .;. -
21! - I- - ,/- -
36 - I- - .,. -
41 - I- - t -
71 - I- - t. -_, __ 

*At--;itution 

**No Agitution 
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'Hydrolysis 

2** 

48 24 48 

I- I- ,/, 

I- I- I-

I- I- I-
I- ,/. .;.. 

f' - ,/. 

,/, - /. 

.;.. - .;.. 

I- - I-
.;.. - I-
.;. - I-

I- - I-
I- - .;.. 

f - -
f - I-
f - -
I- - -
I- - /. 
,t. - -



pH 

2ll 2;.a 2 2113 

5.5 #+ IN- IN- H-
7.0 # # # # 
8.5 # # f ,ff 

TABLE VII 

EFFECT OF pl! C)N GR01ffll 
MID AMYLOLYTIC AC'.l:I"!ITY 

Isolate Number 

6 a. 66 9 28, 3513 37A 

ff ;. # e f f /. 

I- I- I- I- I- /. I-
f H- I- ff, I- I- I: 
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54 '!fl 52 16 7l 36 15 

f I- I- c I- I- -
I- /. I- I- i: I: /. 

I: i: - i: i: I: I: 

growth and more pronounced atl\Vlo~ic activity at pt 5.5 wre1 isolates 

2, 6, 21A, 2;B, .36, 66, llJld 71. Oi' tliese organisms all were classified in 
. 

then,. subtilip group except 25B and 36 which W&re placed in the ll• OOJta-

therium group. 

Isolates 15, 16, "J?A, 52, 54, and 57 seemed to favor the pll 7.0. 

Representatives bore of the ~. sybtil,is eroup are 16, 54, and 57; the g.c"mn

variable group, 15 and 52; and the Family Pseudomonaclaceue was 37.A. 

Two of the isolates grew better at Ji{ 8. 5. Of these isolate 41 ws 

gram-variable and isolate 9 belongs to the ~. peraatheriU!Jl gToup. A few of 

the organisms were not limited by the pl! ranges used here. These were 

isolates 21B of the 11• subtills group, 2~3 of the gram-'lrariable group, and 

isolate 35B of the Family Paeudomonadaceae. 

The data 1n Table VII show the effect of pl on growth and the ability \ 

or these organisms to hydrolyze starch. It can be seen that the majority ot 

these organisms favor acidic conditions. However, there are e. -fev which 

favor the :ri1 7.0 and two that show much better growth in the alkaline range. 

This information suggests that the optimum Ii! far growth and enzyme activ~ty 

varies with the individual isolate. 



IV. GEN'£.1tAL DISCUSSION 

In view of the data in this :manuscript, a.a to the distribution of 

anzy-lolytic organisms, it may be reasoned that meterials having starchy 

characteristics, or high corbohydrate content, are good sources of these 

organisms. This reasoning is supported by reports of Sjoberg (1921) and 

Peltier and Beckord (1945). 

The purification of the isolates presented a problem. As has been 

reported with the cellulose decomposers (Groenewege, 1921; Omellansky, 191:3) 

some of the starch ~ganisms exist in o. very close relationship with each 

other. The nature of this relationship has been reported as symbiotic by 

most workers, but this statement is controversial. This association mq 

well be eommensellsm, parasitism, or symbiosis. 

The methods applied to purify these isolates are commo~ employed to 

isolate colonies of different organism& .fcun in mixed cultures. These 

methods were: (l) the serial dilution method; (2) the streak plate method. 

The aerial dilution method £or the isolation or bacteria is one of the 

oldest methods known to bacteriologists. The principle of its action is, 

that by use of a series or dilution tubes, and diluting a sample of the 

stock culture from one tube to another, event~, individual cells will 

form distinct oolonioa. The data on Table II indicate that this method 

was ini'erior to the streak plate method as employed here. 

The streak plate method -i.,as a means of procuring isolated colonies of 

these organisms. By repeated streaking onto a plate of medium well isolated 

colonies were obtained the use or gentian violet, tyrothriein, and 



eosin-methylane blue agar, as streak plates, was an attempt to devise a 

means f'or the selective isolation of these oreo.nisms. 
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The bacteriostatic action of the gentie.n violet hes been lmown for 

many years. Its usef'ulness is well recognized and recommended by the 

ManuaJ. gt Pi.e Cul t1£! Study gt. ,Bp.pterjla. Here was a method for obtaining 

the organisms belonging to the gram-negative group (35B and 37A) by in

hibiting the g;rC!l!l-posi tive organisms. 

The use of tyrothricin was designed to obtain a.Di}" gram-positive, spo:ce

forminf; bacilli present• This anti biotic, produced t--:,• the Il• bre--.;is group, 

is primar1.ly effective against the g·ram-negative organisms nnd non-epore 

forming eram-positive organisms. This method wa.1:1 rather successful in 

obtaining the spore-forming bacilli. 

The eoain-methylene blue aea:r is priw.arily a clifferentiru. r11e{1ium for 

the identification of orgariisms of the coli-c.erouenes f{J.'oup. It is a teat 

for e,:-em-negative intestinal and soil bacteria which typically fer.nent 

lactose and sucrose. Only five isolates were obtained .hc,re, but they were 

from rrixed cultures which previous attempts failed to separate. 

By consulting Table II the conclusion mey be drawn that, of the 

methods employed here, the streak pla.te method was the most effective tar 

the purification of these mixed cu.lturea. The media employed here pleyed 

an important part in the disruption of the close relationship or some of 

these isolates. The use of gentian violet, tyrothriein, and eosin-methylene 

blue agar made it possible to break this association in llUU'\Y cases. There 

were a f'ew cultures in which none of the methods employed were su.ff:l.cient 

to break this association betwen these isolates. 

The physicaJ. and peysiological characteristics (Tables III and IV) 

were invaluable in the tentative identif'ioation or the isolates. A consi~ra

tion ot the physical characteristics mnediately places these organisms ilito 
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three major groups. These are: (1) the gram-positive group, (2) the gram

negative group, and (3) the grem-v'!i:riable group. 

The observation of endospores in all the gram-positive and gram-variable 

organisms, an:1 all of them being aerobic, motile rods, they were collectiveq 

placed into the Family Ba.cilla.cea.s. The absence of endospores, in the gram

negative group, end the demonstration or motility aided in classifying these 

organisms in the Family Pseudomonadaceae. Further classification depends 

on the biological activities of the organism. 

The more important phys1olog1.cal characteristics are: carbohydrate 

utilization without gas production, citrate utilization, gelatin liqu.etaction, 

action on milk, the formation of a.cetylmethyloarbinol, end n:ttrate reduction. 

These features aided ilnmsnsely in placing the organisms in their proper 

The effects of salts, pH, and agitation on the growth and amylase 

activity of the isolates ma;y be i'ound in part D ot the experimental section. 

An overall f'unction we observed in relation to sodium chloride and 

agitation. Both of these factors• applied separately here, produced a 

marked increase in bacterial growth and starch breakdown. This ws an 

interesting observation and warrants further im,estigation. The sodium 

chloride Dl8¥ have infl.,.J.enaed the actlvi ty of the amylase itself, causing 

increased breakdown of the stm-ch w1 th more energy becoming available to the 

bacteric.. Suah an n activation" of' enzyme is kl'lown to occur with salivary 

amylase 1n the presence of the chloride ion.1 

There was increased growth and enzyme activity noticed during agit,ation. 

Whether the increase was dm to aeration, continual separation of the 

bacterial cells, or increased contact between the enzyme and substrate 

1 Hawk, P. B., !!• .!1:•, Practical P!Jzsio,logioel Ch9mistrz, P• 3).0. 
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surface is unknown. It was recognized that ma:rw devices £or aeration of 

cultures in industry-2 and the le.borator,-3 e:!d.st. Therefore, this in.,<l'.'luence 

m~ be due to t'he increased availability' of oxygen. 

The variation in the i;i-I of the medium ahm,ed a wide range of results. 

The majority or the isolates grew better at pH 5.;, a :f'ev at pH 7.0, and 

only two at pH 8. 5. Three of the isolates presented the same results at 

all three pI levels. All groups of the isolates-graTll-1)0sitive, gram

variable, and gram-r.iega.tive-ware represented in all three pH levels. These 

results suggest that the optimum Iii level fer growth and enzyme production 

varies with the individual species and is not constant in Sl\V' om group of 

isolates. 

2 Prescott, s. c., and c. a. Dunn, P• 91. 

3 Beckord, L. D., a. L. Peltier, and E. Kneen, 1946. 



V. SUMMARY 

This tbasis problem was the isolation and tentative identification of 

amylolytie bacteria on a synthetic basal medium, am determinations of the 

effect of various chemical and physical a{.1Snts on the growth of the bacteria 

and the rroduction and activity of the enzynie. 

Of the various sources used for inocula. it was found that t.he best 

sources for isolating this type of bacteria were soil around the gr.-ain 

elevator, silage, field soil, and rat feces from the grain mill. It was 

observed that in many cases the isolates were existing as a mixed culture 

under a very close relatj.onship. For further investigation and identifica

tion these mixed cultures were purified. Various methods and media were 

used. 

The organisms were isolated and identified by methods described in the 

Manual for P1g Crutw Study .Qi Bacter;p. and according to Berp:ey's Manual 

Qi D!3terminative Bacte;x:iology. It was fou.nrl that the majority of these 

orranisms were of the Family Bacillaceae with only two belonging to the 

Family Pseudomonadaceue • 

The chemical and physical t.1.gents tested were: (1) The effect of various 

concentrations of stl ts in the mediUll'l on the growth of the bacteria and their 

amylolytie activity; (2) The effect of agitation of the cultures on a rotary 

shaking machine during incubation e.s measured by starch hydrolysis and 

growth; (3) The effect of varying the pH levels on the f;rowth and amylolytic 

activity of the isolates. The salts used gave negligible results, except 

for the sodium chloride. This salt demonstrated increased growth and enzj1'Ill8 



activity in direct relation to the increase in concentration. The amount 

of increase varied with the individual isolates. The agitation gt:i.ve 

accelerated growth and starch hydrolysis with nearly every isolate. The 

different pH levels demonstrated varietion in tolerance and optimum J:H 

levels. 

• 
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