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POPULAR ABSTRACT

INHERENT AND MAXIMUM MICROBIOLOGICAL ACTIVITY IN SMITH LAKE

Bacterial populations were examined In a sub-Arctic lake to augment 

the understanding of the flow of organic material and other nutrients 

through these eaters. Several micro-organisms were Isolated, capable of 

converting atmospheric nitrogen Into biologically availeble forme. Also 

organisms capable of removing organic materials at very low temperatures, 

psychrophlles, were Isoleted. Enzymes from these unusual organisms were 

examined to determine whet el lows these unusual activity at low tempera

tures. The activities of the«e enzymes were not found to be unusual.



TECHNICAL ABSTRACT

INHERENT ANO MAXIMUM MICROBIOLOGICAL ACTIVITY IN SMITH LAKE

An examination of the micro-organisms catallzlng chemical changes 

In a sub-Arctic lake was made to augment current knowledge of the nutrient 

cycJes In the near Arctic. Several unusual nitrogen fixing species, as de

termined using N 15 experiments, were Isolated. Their characteristics were 

such that they could not be pieced In the genera Azetobacter or other known 

genera. A number of psychrophl les were also Isolated and classified. 

Studies of the enzyme tryptophane synthetase were conducted to compare 

enzymatic activities of psychrophllas and organisms growing at more usual 

temperatures. No unusuaS kinetics were determined.



INTRODUCTION

The enumeration of alcro-orgenlsm in a sub-Arctic I aka was begun In 

1965 to augment data on nutrient cycles that were being collected by Ors. 

Barsdate and Dugdele. The first phase of the program, to determine the 

nunber of micro-organisms and their sequential appearance, was the main goal 

of the first veers' project and was discussed In the first progress report 

presented In 1965, The next phase of the program was to determine the po

tential that these micro-organisms have to chenge their environment.

The first group of organisms studied were a new group of nitrogen fix

ing bacterie. The second group were psychrophlIIc bacteria (cold-loving 

bacteria), capable of growth at low temperatures and thus able to exert con

siderable Influence even under the Ice.

Nitrogen Fixing Micro-organism from Smith Lake

Although several genera of bacteria can fix atmospheric nitrogen under 

anaerobic conditions, only two penera, Azotobecter and Azotomonas. have been 

described that can fix nitrogen aerobically. Consequently as aerobic nitro

gen fixers were isolated from Smith Lake, an attempt was made to determine 

to which of these two genera the new isolates fell. Several isolates were 

obtained, however, which resisted classification. The organisms were much 

smaller than Azotobacter an.1 fa I led to produce gas from carbohydrates as Is 

characteristic of both Azotobacter and Azotomon# *. Four such Isolates were 

examined In further detail In order to describe e possible genus. The 

Isolates were labeled I, 2, 3 and 4. Although not Identical, Isolates I ard 

3 were similar to eech other end 2 and 4 were slmiler. The odd numbered
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Isolates, I and 3 produced circular, pulvlnate, smooth, undulate, opalescent, 

viscid colonies. The even numbered Isolates, 2 and 4, produced circular, 

flat, smooth, entire, translucent, butyrous colonies. The ability of these 

Isolates to utilize various carbohydrates Is presented In Table I.

Flagella stains of the Isolates Indicated that all four Isolates 

were perltrSchously flagellated. Azotomonas are aerobic nitrogen flxures 

with polar flagellation. No fat-llke reserve food granules are In the cells. 

Th* genus is broken Into two species, Azotomonas Insol I la and Azotomonas 

fluorescens. The following Is a condensed description of the two species:

Azotomonas Insollla: Coccold rods 0 .6 - 1.2 x 0.6 - 1 .8  microns,

totlle by I - 3 pclar flagella. Gram negative. Flat, whitish, entire, 

weakly flourescer.t colonies. No action on milk. H2S produced, acid and 

gas from adonitol, cerablnose, dextrin, glucose, galactose, glyerol. Ino

sitol, lactose, fructose, maltose, mannose, mannltol, raff I nose, rhamnose, 

sal Icln, sorbitol, starch, sucrose and xylose.

Azotomonas fluorescens: Rod shaped cells, 0.5 to 0.8 by 2 .8  - 5.8

microns. Mobile by means of one to three polar flagella gram negative. 

Colonies are wide, smooth and glistening. Yellow or violet pigment is pro

duced, milk peptonized. Acid but no gas from various sugars; starch is 

hydrolyed.

The genus Azotobacter are relatively larger rods with pertrlchous 

flagellation. There are three species, Azotobacter ch»-oococcumt Azotobacter 

ag»Ills and Azotobacter Indicus.



TABLE I

Additive N . N2 N3 N4

Lactose ♦ ♦ ♦ ♦
Sucrose ♦ ♦ ♦ ♦
Glucose 7 ♦G T ♦
Maltose 7 ♦ ♦ ♦
Glycerol - ♦ - ♦
Lactate ALK ALK ALK ALK
Citrate ALK ALK ALK ALK
Succinate VALK ALK VALK ALK
3tarch
Ribose

♦
♦G

♦ ♦

Xylose ♦ ♦ ♦ ♦
Melibose . ♦ • ♦
Raff 1 nose • ♦ m ♦
At>ab 1 nose ♦ ♦ ♦ ♦G
Mannose "* ♦ ♦
Rh amnose ♦ ♦ ♦ ♦
Inosltal - - r •
MelezIbose - - - ♦
InulIn - - • m
Trehalase ee ♦G - •
Mi Ik St AK Acid SIAK Acid

Legend: ♦ ■ Acid
G - Gas 

♦G ■ Acid and Gas 
ALK - AlkalIne 
VALK ■ Vary rapidly alkaline

♦ ■ Small amount of acid produced
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The distinctive characteristics of these three are as follows:

Azotobacter chroococcum: Rods 2 .0  to 3.0 microns by 3.0 to 6.0

microtis. No growth In nutrient broth even in presence of glucose, 

fixes N2 and gives off C02 utilizing glucose, sucrose, fructose, 

maltose, men Itol, Inulin, dextrose, galactose, arabinose, starch, 

glycerol, ethyl alchol, acetate, butyrate, citrate, malate, pro

pionate and succinate. Less than 0.I1C nitrate Improves growth, 

greater amounts are toxic.

Azotobacter agllisi Rods 4 - 6  microns In length, almost spherical. 

Produces an fluorencent pigment. Yellowish, white, smooth, glisten

ing colonies are produced. No brown pigments are produced. Growth 

occurs In peptone broth when glucose is added. C0? and acid 

produced from various sugars.

Azotobacter indicus: Rods 0.5 to 1 .2  by 1.7 to 2.7 microns. One 

of the distinctive characteristics Is the presence of two large 

round, highly refractive bodies In the cells, usually at each end.

Has wide tolerance of acidity, wide limits of pH tolerated; abun

dant slime production and large globules of fat within the cells,

C02 and acid from various sugars.

In order to ascertain with certainty whether these Isolates were In

deed fixing nitrogen or Just growing on low levels of ammonia extracted from 

the atmosphere, nitrogen fixation was measured with N2 *5, The Isolates 

were grown in nitrogen free medium, and then transferred to fresh medium.
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The nitrogen qas was removed by flushing an argon-oxygan mixture through the 

medium, innoculatlon with and Incubated for 40 hours. At the end of

48 hours, the cells were filtered and the total Kjeldahl nitrogen recovered 

as ammonia. The aflPionie was then oxidized to free nitrogen and the propor

tions of the Isotopes determined In e Bend I x time of flight mass spectrometer.

Because of tha high cost of N2 15 ($500.00 for I gm of NH4 *5S04 ), only 

Isolates I and 2 were assayed. A culture of Azotobacter was used as a con

trol to compare the rate of fixation. The Azotobacter samples (triple sam

ples) gave 0.698, 0.678, 0,729 excess N2 '5. Two samples of Isolate #1 aver

age 0.432 and two samples of Isolate 02 averaged 0.52. This compares with 

.54 for a standard of (NH^jSO^.

Although the rate is not quite as high as with Azotobacter. the new 

Isolates give a reasonable rate of fixation. A comparison of tne properties of 

the new (isolates with the properties of Azotobacter and Azotowonas Indicates 

that these isolates are not similar enough to either of these two genera to 

permit classification within the genera. Since Isolates I and 3 are very simi

lar, and 2 and 4 are very similar. It Is proposed that I and 3 be considered 

to be the same genus nnd species, but different subtypes, and the same with 2 

and 4. A new genera and species will be proposed for these Isolates after 

sufficient data has been collected to permit a valid classification.

Psychrpphlles

Psychrophl les (cold-lovinq bacteria) have been overlooked by many In

vestigations but are of obvious Importance In Alaska's Arctic and sub- 

Arctic vaters. Those bacteria fall to grow at contnon temperatures of Incu

bation and thus are missed by the usual microbial survey. Samples to be



used for Isolation of psychrophl les were placed in ice iimdiately on re

moval from their natural envlronmant, and Incubated at 0#C  until growth oc

curred. These were then streamed on agar plates and stored at I0*C urn 11 

colonies developed. The first four isolates were labeled S|f S2, S3 and S4.

S| produced very darkly pigmented colonies. S2 , S3 and S4 were white 

colonies. Ten other isolates were labeled F, consecutively to F,Q . One 

Isolate was labeled L.P. In order to determine the possible role of these 

micro-organisms, their generation time was determined. The following is 

an example of the gneration time at I0#C:

Isolate L. P. —  4 hours

Isolate Fg —  4 hours 15 minutes

Isolate Fj —  3 hours 40 minutes

Isolate F7 —  6 hours 30 minutes

Isolate F3 —  5 hours

To give an example of how much potential growth this represents, 10^ bacteria 

(.000,000,009 gms) with a generation time of 4 hours would produce I0*7 bac

teria ( 10,000,000,000,000,000,000,000,000 gms) In 48 hours if allowed to grow 

at full rate. (The weight of the earth Is 5 x I027 gm). Clearly, the full 

reproductive potential of the cell, which Is expressed by this generation 

time, cannot be maintained continuously for Jong period-- .t tn© real point 

Is that temperature Is not the limiting factor determining the rate of 

growth of these organisms. It may be assumed by one not aware of these facts, 

that since the lake Is covered by a layer of ice, biological processes 

have come to a standstill. Such an assumption Is far from the truth, the 

rate of growth is dependent on nutrient suoply and not the temperature of



7

the environment.

The "S" labeled psychrophl Ies were shipped to Dr. R. Colwell at 

Georgetown for classification. The "F" labeled psychrophlIes are being pre

pared for shipment to Dr. W. Belser, at the University of California. Or.

Belser has expressed considerable Interest In these psychrophl I es and has 

encouraged the comparison of some of the enzymes from these bacteria with 

similar enzymes from mesophlles (bacteria that prefer warmer temperatures).

Thus an Investigation has begun of the enzymes Involved in the synthesis of tryp

tophane. This enzyme has been isolated from col i and the amino acid 

sequence of part of the protein determined. Thus It seems likely that It 

will ba possible to comp**^ the physical properties wltn the amino acid se

quence of the enzyme from psychrophl les with the same enzyme from nwsophlles.

The tryptophane synthetase level in wild-typa micro-organisms is conrrolled 

by the cell to a low level. It Is possible, however, to obtain mutants In 

■hlch the control of the level of tryptophane synthetase has been lost and 

thus these mutants produce maximum levels of enzyme. An experiment Is cur

rently in progress to Isolate suitable mutants. Briefly the experiment con

sists of first Irradiatinq wild-type organisms with U.V. Ilqht, then plac- 

inq the culture In a minimal medium to which 20,000 units of penicillin has 

been added. The new mutants will not grow in minimal medium and this will 

not be killed by the penicillin as will the wi!d-type. Then the organisms 

are diluted out on minimal medium to which Indole has been added. The new 

mutants that require Indole (a precursor for tryptophane and a substitute for 

tryptophane synthetase) will grow and produce small lightly colored colonies.

The wild-type organism that survive the penicillin treatmsnt will produce
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large dark colonies. These mutants are then picked end asseyed fcr trypto

phane syntnetese levels.
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