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III. OBJECTIVES OF THE RESEARCH 

Primary Objective: 

To find a medium, defined as clearly as possible in terms of its 

nitrogenous components, which will support growth of a cellulolytic 

rumen bacterium. 

Secondary Objectives: 

1. To test an hypothesis that the optimm nitrogenous mitrient 

balance for a strongly heterotrophic organism is that mixture of the 

basic structural molecules ( amino acids, purines, and pyrimidines ) 

which most closely approximates the composition of the organism itself. 

2 To apply this hypothesis toward the goal set in the first 

objective °
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IV. BACKGROUND DISCUSSION 

A. The Rumen 

The mature rumen is the first and largest of the four classical 

divisions of the ruminant stomach. Food materials first enter the 

rumen, pass through the reticulum which is nearly continuous with the 

rumen, pass on into the omasum, and finally move into the abomasum 

which is considered to be the only secretory digesting section of the 

miltiple stomach. 

The anatomy of the ruminant stomach appears at first to be rather 

complex; phylogenetically, it can be viewed as a segmentation of the 

greater curvature of a simple stomach, and folding about of the segments 

to fit the abdominal cavity. The lesser curvature is followed by the 

reticular groove, which passes from the esophageal opening down the 

anterior rumen surface to the reticulum, into the omasum, and directly 

to the abomasum; the entire lesser curvature thus traced measures only 

about two feet in the mature bovine. fhe distinction between the rumen 

and the reticulum is superficial, and what will be said of the rumen is 

meant to apply to both. The rumen itself is divided into several sacs 

by the pillars or mscular partitions, but free commnication between 

all areas of the rumen and slow circulation of materials through the 

rumen do exist. The main restriction to the free mixing of the rumen 

contents is afforded by the layering of large particles and fibers above 

a fluid phase (1); small, dense particles, as corn, usually fall to the 

bottom of the rumen, or frequently into the reticulum directly. As the
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fiber is degraded the smaller particles no longer hold gas bubbles, 

and settle slowly into the fluid area below, to be drained into the 

omasum and abomasum. 

The size of a large bovine rumen is 0 = 60 gallons, the more 

usual medium size being 30 —- 40 gallons (2). Into this pass about 

115 liters of liquid per day, of which up to 50 liters are saliva (2). 

Stained oats fed to a cow had a half-life in the rumen of about two 

days, but since the rumen is not uniformly mixed that value may not be 

typical of most feed. 

The diet of the ruminants, i.e. cattle, sheep, goats, deer, camels 

and antelopes, is for the most part herbage, browse, and pasturage, 

materials of high cellulose content. Non-ruminant herbivores, as horses 

and rabbits, digest whatever they can in a simple stomach, further digest 

and absorb nutrients in the small intestines, and then permit some fer- 

mentation of the residues in large caeca and colons; while there is 

some question as to the value of the caecal fermentation in rabbits (3), 

the assumption has been that absorption of the products of caecal and 

colon fermentation makes available to the animal part of the materials 

not digested by the animal's enzymes. The ruminants, conversely, first 

ferment all the ingested food in the rumen, absorb directly many of the 

fermentation products, then digest the fermentation mixture of residues 

and microorganisms, absorbing much of the digestion products, and finally 

permit the usual, shorter fermentation in the caecum and colon common 

to most herbivores.



The ruminant's feed is modified considerably by the rumen fer- 

mentation; Sirotnak and Brown (1;) have shown fermentation of amino 

acids by washed rumen bacterial suspensions, and El-Shazly (5) showed 

similar decomposition of protein with simultaneous formation of fatty 

acids by rumen microorganisms. McDonald (6) showed a 0 % conversion 

of zein nitrogen to microbial nitrogen, and reasoned that the value is 

lower than should be expected for normal feed proteins. Chalmers 

et al. (7) found extensive deamination of feed casein, which led to a 

low efficiency of utilization of the protein for mutrition of the animal. 

On the other hand, Loosli et al. (8) and many others have shown synthesis 

of amino acids in the rumen. Holmes et al. (9) analysed rumen material 

for amino acid content, and reported fairly similar values from animals 

on green and dry feeds; they concluded that methionine and isoleucine 

were the limiting amino acids in rumen bacterial protein. Vitamin 

synthesis occurs extensively in the rumen; the reviews of Edwards (10) 

and of Doetsch and Robinson (11) give adequate reference to such work. 

In brief, thiamine, riboflavin, niacin, folic acid, pantothenate, and 

vitamin Bio have been shown to be produced. 

Barcroft et al. (12) showed volatile fatty acids to be a major 

product of carbohydrate fermentation, and to be absorbed by the rumen 

and reticulum. 

The composition of the rumen materials is, of course, variable with 

feed and time since feeding, but also with location in the rumen (13). 

The top of the rumen contains unfermented feed, the bottom contains most 

of the grain, and the central areas present a gradient of liquid below
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into the hay mat above. Saliva is abundent, particularly in the 

remasticated boluses of cud. The average chemical composition of bovine 

rumen contents is given in ranges and approximate values in Table A. 

Finally, the physical conditions of the rumen mst be mentioned. 

The temperature is usually about 39°C; Dillon and Nichols (1) have 

shown the temperature to return to near normal within about an hour 

after the ingestion of five gallons of near-freezing water, the lowest 

recorded temperature for the rumen material in this instance being 

about 60°C, The active fermentation and limited access of air maintain 

highly anaerobic, reduced conditions. The gases in the rumen vary also, 

one analysis (15) reporting 67% carbon dioxide, 20% methane, 6% nitrogen, 

0.1% hydrogen sulfide, and less than 1% of oxygen. These values agree 

generally with those of Moore (16). 

Be Rumen Microorganisms 

Chemical analyses indicate nothing of the complexity of the micro- 

flora and ~fauna populations. Bacteria and protozoa are probably both 

in higher concentrations in a normal rumen fermentation than in any other 

natural system. To appreciate the uniqueness of the rumen micro-population 

it should be noted that the rumen bacteria probably have had as long a 

time to specialize to the rumen conditions as the rumen itself has existed, 

Inoculation of calves' rumens appears to be the result of direct 

chance contact with adult animals. Conrad et al. (17) observed delayed 

appearance of some rumen organisms in isolated dairy calves, but conclude 

cud inoculation of normal animals to be unnecessary. Considering the 

extremely anaerobic nature of the rumen inhabitants, noted by everyone



Table A: Approximate Composition of Rumen Ingesta 

Reaction . .« «6 «© e« DH 59 = 665 

Nitrogen Compounds 

Total Nitrogen. . .© «. e« 1.0 = 265 mg/ml 

Non-protein Nitrogen . «© «© Oc2 = 007 mg/ml 

Organic Non-protein Nitrogen . Ocl — Ol mg/ml 

Ammonia Nitrogen . .« eo oe Ocl — Oo mg/ml 

Free Amino Acids .« .« -« « variable, small 

Urea 2. 6 © © © oo o nil 

Carbohydrate Compounds 

Crude Fiber eo 6 0© e« « 17-31% 

Water Soluble Sugars .« . « Ol - 1.6 mg/ml 

Alcohol Soluble Sugars © e Ol — 1.0 mg/ml 

Lipid Compounds 

Ether Extractible . .« .c« .o 28=- 6.0 % 

Volatile Fatty Acids e e e 0.15 - 0.25 mEq/ml 

Acetic 53 - 73 & 

Propionic ly = 26 % 

n~Butyric 7-19 & 

i-Butyric 0.5 - 2.8 £ 

n-Valeric 0.6 - 703 % 

i-Valeric 0.8 - 5.0 % 

Caproic and larger traces 

Mineral Components 

Ash ° ° e ° ll = 19 % of Dry Matter 

Salivary Salts (30 - 50% of fluid (58)) 160 mM/nl 

(13) 

(13) 

(56) 

(13) 

(13) 

(13) 

(5) 

(57) 

(59)
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culturing them, and the low mumbers of aerobic and anaerobic organisms 

that are common outside the rumen (11), it is difficult to understand 

how other than fairly direct transfer of rumen organisms from adults 

to young could account for the maintainance of such a population. 

Protozoa are abundant in the rumen, constituting up to 20% of 

the protein leaving the rumen (18). Whether they are important to the 

host animal is uncertain, since Becker and Everett (19) found as good 

or slightly better growth of sheep without protozoa as with. However, 

McNaught et_al. (20) have shown ruman protozoa to be more digestible 

than rumen bacteria, and of the same biological value, so that the net 

utilization of protozoal protein is greater than that for bacterial pro- 

tein. Hungate (21) decided that, of the five major typesof protozoa in 

the rumen, only Diplodinium spp. could digest cellulose. Sudgen (22) 

found Metadinium medium, a rumen protozoan, to be cellulolytic, but much 
  

less so when given a dosage of streptomycin harmless to it but lethal to 

bacteria; whether the rumen protozoa are themselves cellulolytic is 

unsettled. 

Johnson et al. reported (23) that the rumen contains one or more 

species of yeast in high numbers. Quin (2) described a rumen pseudo- 

yeast, Schizosaccharomyces ovis, which cleaves to give identical daughter 

cells, but which has an oval shape and variable size. 

The bacteria of the rumen are numerous; many appear at the present 

time to be unique to the rumen, although no extensive comparison of rumen 

with other similar organisms has been made. (Indeed, no satisfactory 

definition of "rumen organism" has been proposed. The physiology and



morphology of rumen bacteria are diversified. The number of bacteria 

in a fiber-containing rumen sample is now impossible to count accurately 

because the cells are frequently deeply imbedded in the fiber, and 

because present techniques do not enable one to distinguish between 

bacteria and plant particles. likewise, culturing of rumen bacteria has 

been difficult. A summary of the bacterial counts by various groups, 

and their approaches, is given in Table B. The range of total bacterial 

counts for rumen ingesta is from 1 - 100 x 10’ per gram or per milli- 

liter, and the variations due to sampling time, location in the rumen, 

method, and feed regime must be realized. 

Table C gives a summary of the more exactly described rumen bacteria. 

Other bacteria have been described by many workers, but not in such detail 

as to include them or exclude them from any division listed in the table. 

Gall and Huhtanan (25) remark on the unreliability of the Gram stain 

for rumen bacteria, some cultures changing from Gram positive to negative 

upon aging of the cultures; however, this change is of general occurrence 

among bacteria. With few exceptions only, it is presently impossible to 

establish the identity of a new rumen isolate with an organism already 

reported. 

Bryant and Burkey (31) made a survey of rumen bacterial types 

isolated from cattle on various rations, Using a typical rumen fluid 

medium, they isolated several hundred strains, and found interesting 

ration relationships; the cellulolytic cocci maintained a 5% to 8%of- 

isolates level from all rations, while the cellulolytic rods were not



Table B : Rumen Bacterial Counts 

Type of Count Method 

Total 

17 x 10” direct 

76-92x " " 

150 x " " 

52 x " tt 

96 x " 

12 x " n 

e785 x 3 t" 

Le3-200 x " culture 

5-7 x" " 

10-100 x " " 

0.1-0.8 x " " 

O.3-1le1l x " n 

Individual 

to7 x10 direct 

1-5 x 10° n 

tol0 x10° " 

5-10 x 10" direct 

1.1-3.7 x 10! culture 

1-10 x10! " 

203-17. x 10° " 

1 -« x 10° " 

Comment 

winter rations 

winter rations 

summer rations 

straw, normal ration 

concentrate ration 

Propionibacterium sppe 

Viellonella gazogenes 

i" i" 

Desulfovibrio sppe 

cellulolytic bacteria 

colorless cellulolytic 
cocci 

aerobic organisms 

"less cellulolytic rod" 

Reference 

(26) 

(27) 

(28) 

(28) 

(28) 

(29) 

(30) 

(31) 

(31) 

(32) 

(33) 

(3h) 

(35) 

(35) 

(36) 

(35) 

(34) 

(37) 

(30) 

(37)



Table C ; Rumen Bacteria Isolated and Described 

Identity 

— Cellulolytic Bacteria -= 

cells in rosette 
large pleomorphic cells 

TRO-HD" 
Clostridium cellobioparus 
Bacteroides succiinogenes 
"less active seliuleiytic rod." 

Ruminococcus flavefaciens 

colorless chain-former 

Streptococcus spp. 
Ruminobacter parvum 
Micrococcus ruminantium 

- Non-cellulolytic Bacterla — 

Morphology Gram Reaction 

Straight Rods Positive 

Negative 

Curved Rods Positive 

Negative 

Cocci Positive 

Negative 

Rods Positive 

Negative 

Cocci Positive 

Negative 

Spirals ---- 

Propionibacterium sppe 

small, slender, curved types 
greenish opalescent colonies 
Desulfovibrio spp. 

Sarcina bakeri 
Streptococcus SPpe 

Veillonella gazogenes 

Borrelia sppe 
Oscillospora spp. 

Reference 

(38) 

(37) 

(441) 
(26) 

(142 ) 

(43) 

(35) 

(26) 

(35) 

(45) 
(46) 

(36) 

(47) 
(48 )
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isolated from a high protein = low fiber ration but represented 20% of 

the isolates from a wheat straw ration. With modification, Table D 

was taken from that report. 

C. The Nutrition of Rumen Cellulolytic Bacteria 

Pure culture maintainance of rumen cellulolytic bacteria has always 

been difficult. Sijpesteijn (41) and Hungate (37) have done the most 

extensive work on this task, and few real changes or improvements have 

been made on their findings. Gall et al. (27) used a medium rich in 

organic matter, quite different from the relatively dilute nutrients of 

Hungate, and appeared to have success with it. King and Smith (3) 

evaluated the two media and found the Hungate medium decidedly the better 

for total count, for cellulolytic count, for variety of morphotypes, and 

for growth of all isolates. 

The nitrogen—containing components of several of the more important 

media used for culture of rumen bacteria are listed in the following table. 

Bryant and Doetsch (50) appear to be the only workers to have grow 

- a@ rumen cellulolytic bacterium on a chemically defined medium. For 

several years an unknow component of rumen fluid had been sought which 

was essential for Bacteroides succinogenes, and these workers finally 

found a mixture of a straight-chain and a branched-chain fatty acid of 

five to eight carbons to substitute for that rumen fluid factor. 

Other rumen fluid "factors" have been reported; those by Bently et al. 

(51) and by Ruf et al. (52) may or may not be the same fatty acids just 

described. Synge (53) found diaminopimelic acid in Ruminococcus flavefaciens, 

and suggests that it might be a growth factor for that organism.
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Table D: Effect of Ration on the Percentages 

of Isolates Showing Certain Characteristics 

Ration Wheat Straw Concentrate 

Characteristic Percent of Isolates 

Anaerobic 100 % 93 % 

Sulfide Producing 16 4 

Gelatin Liquifying 19 2h 

Starch Hydrolysing 18 56 

Cellulose Hydrolysing 28 5 

Acid from Glucose 70 72 

Acid from Cellobiose 75 &. 55 2 

Table E ; Culture Media used for Rumen Organisms 

Gall, Stark & Loosli (27); 1% each of tryptone, peptone, beef 
extract, and 2% fresh skimmed milk. 

Hungate (37); 15% rumen fluid, 5 mg-% cysteine. 

Sijpesteijn (42); 40% rumen fluid, 0.06% diammonium 
phosphate, 1.5% yeast autolysate. 

0.3% peptone, 1.5% yeast autolysate, 
0.06% diammonium phosphate. 

Ww
e 

Bryant & Burkey (49); 0% rumen fluid, 50 mg~% cysteine. 

MacPherson (46); 90% rumen fluid, 1% casein hydrolysate.
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Wasserman et al. (54) report evidence for another unknown factor which 

is found in rumen fluid but in higher concentrations in some other 

natural products. Hungate (55) describes some properties of another 

rumen fluid factor, needed by a cellulolytic coccus; it is a fairly 

stable, water soluble, organic, dializable compound. Finally, 

Sijpesteijn (41) describes the growth stimlation of Ruminococcus 

flavefaciens by a labile material from species of Clostridium. This 

material is not further described, 

The nitrogen nutrition of individual rumen organisms has not been 

investigated. 

De. General Nutrition of Microorganisms 

The study of the mtrition of microorganisms is nearly inseparable 

from the study of their entire metabolism. All organisms have certain 

synthetic abilities enabling them to form from their environment the 

many complex materials they use for growth, The materials finally used, 

i.e. amino acids, carbohydrates, fats, organic phosphates, and innumerable 

other such compounds, are very similar for every form of life knom, but 

the synthetic abilities and thus the initial requirements differ more 

noticeably, and form the basis for the study of nutrition — the study 

of the uptake and use of food materials. 

The study of the mtrition of an organism is important for several 

closely related reasons; 1) to permit its classification, 2) to understand 

the limits of its synthetic abilities, and 3) to facilitate growing it in 

a chemically defined medium as an aid to investigation of the further 

details of its metabolism, and possibly to permit the utilization of some 

particular synthetic ability.
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The study of the mtrition of bacteria is usually approached in 

one of a few ways. To find the minimm requirements, and thereby learn 

the limits of the synthetic abilities, the organism concerned is grom 

either on a complex medium of unknown composition, which is then simpli-~ 

fied by substitution and removal of ingredients until a minimm complexity 

is reached, or on a medium containing all or nearly all the recognized 

common nutrients at arbitrarily selected concentrations, reducing the 

amounts and number of compounds until a minimum and defined medium, i.e. 

of known chemical composition, is obtained. The second approach is a 

shortcut of the first, for in the second the organism can at the start 

be grovm on a mixture of known compounds, This is not always possible, 

but is becoming more often possible as more "essential factors" are 

being identified. 

The determination of minimum requirements has long been the point 

of main attack, and only rarely has an attempt been made to determine 

the components and proportions for optimum growth. When such an attempt 

has been made, the approach was usually to determine the effect on growth 

of concentration, or of the relative amounts of two or three components 

of the medium. The approaches have been systematic and imperical. 

E. Nutrition of the Lactic Acid Bacteria 

Probably there have been more nutritional studies made on the lactic 

acid bacteria (the Family Lactobacteriaceae, which includes the Genera 

Lactobacillus, Leuconostoc, and Streptococcus) than on any other group 

of microorganisms. One reason for this concerted effort is the importance 

of several of the species in microbiological assays of amino acids and



vitamins. in order for such assays to be most valuable the optimm 

amount of each component of the growth medium and the interrelation= 

ships between various components should be know. 

The lactic acid bacteria are rather ordinary organisms, unusual 

in only two respects: they require more amino acids and vitamins than 

most bacteria, and they excrete lactic acid as a major waste product. 

This acid is rarely excreted by other organisms. Their excretion of 

lactic acid and exceptional tolerance of the low pH produced by the 

acid appear to be a major factor in the survival of this otherwise 

demanding group of bacteria. 

In view of the complex nutritional requirements of the lactic acid 

bacteria, as well as the advanced state of understanding of the require- 

ments, several representatives of this group were chosen as organisms on 

which to test the hypothesis of better growth on a medium more closely 

resembling the composition of the organism. The following discussion will 

deal with various phases of the nutrition of lactic acid bacteria, in 

hopes of offering an insight into the problems involved in the study of 

bacterial mutrition in general. 

The organisms most frequently used for amino acid and vitamin 

microbiological assays are the following: 

Leuconostoc mesenteroides P-60 (ATCC 803) 

Lactobacillus casei e (ATCC 769) 

Lactobacillus arabinosus 17-5 (ATCC 801) 

( really L. plantarum )
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Streptococcus faecalis (ATCC 80l,3) 

( also called S. lactis R ) 

Peters and Snell (60) report that L. delbruckii 969 requires more 

amino acids than either L. arabinosus or S. faecalis, demanding alanine, 

arginine, aspartic acid, cystine, glutamic acid, histidine, leucine, 

lysine, phenylalanine, serine, threonine, tyrosine, tryptophan, and 

valine, as well as uracil, hypoxanthine, and thymidine. Shankman (61) 

showed L. arabinosus 17~5 to require the amino acids cystine, glutamic 

acid, isoleucine, leucine, methionine, threonine, tryptophan, and valine, 

and by giving excess of all but one and varying amounts of that one amino 

acid he determined the amounts of the separate amino acids required for 

half=maximm and maximum growth. Maximum acid production, the growth 

index, occurred only with three to four times the half=-maximm require— 

ments. Hegsted (62), with the same organism, reported the need for 

arginine, aspartic acid, and phenylalanine as well, and threonine and 

lysine were also needed for good growth. Partially explaining these 

differences is the report of Borek and Waelick (63), who show a variation 

in amino acid requirements under different carbon dioxide and temperature 

conditions; phenylalanine and tyrosine are needed at 37°C, but not at 

35°C, and aspartic acid is needed at 39°; at 26° the lack of sufficient 

carbon dioxide in the medium necessitates the presence of the three amino 

acids mentioned. Thus, amino acid requirements of an organism are not 

fixed and rigid properties, but may vary as the rest of the environment 

variese 

Among a group of closely related strains of a single species, great 

differences may be seen in essential nutrients for growth. Anderson and
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Elliker (6) isolated 35 strains of S. lactis and S. cremoris from 

starter cultures, and found the universal need by the group for seven 

amino acids; all but a single strain needed another, none needed four, 

and there was no set pattern for the rest of the amino acids. 

Aside from the common amino acids, vitamins, bases, salts, and 

energy sources as glucose, citrate, etc., there occasionally appear among 

the lactic acid bacteria demands of a less expected nature. An unusual 

case of compounds aiding growth is that of isoglutamine, found by Silverman 

and Romine (65) to replace glutamic acid after two hours! start of growth 

of L. arabinosus, and also to reinforce the effect of glutamic acid when 
  

both are present. 

Certain peptides have been recognized as growth requirements or 

stimulators. Kitay and Snell (66) found enzymatically digested casein to 

permit growth of several Lactobacilli which would not grow on the equiva-~ 

lent amino acids, and later Kihara, McCullough and Snell (67) delimited 

the peptide needed by a strain of L. casei to those of alanine or tyro- 

sine (=yl) with valine, leucine, or isoleucine. A similar peptide(s), 

Strepogenin, found in insulin digests, liver extracts, and elsewhere in 

lesser amounts, was shown by Kodicek and Mistry (68), among others, to 

be active because of its peptide nature, and similar activity has been 

found in the cyclic octa-peptide, oxytocin. Stokstad, Broquist and 

Sloan (69) showed the activity to be a property of the larger peptide, 

for the synthetic ring was active while several smaller peptides of similar 

amino acid sequence were inactive. 

Snell (70) said: "Peptides are usually, but not always, less active 

than the equivalent quantity of amino acid". One of the exceptions might



be a leucine-requiring mtant of E. coli, described by Hirsch and 

Cohen (71), which is inhibited by L-isoleucine or I-valine, but which 

grows in their presence when offered l-leucylglycine or glycyl—l-leucine. 

The problem of inhibition between amino acids is closely related, in 

all probability, to the greater activity of peptides. Several amino acid 

competitions have appeared, with other genera as well as with the lactic 

acid bacteria. Gladstone (72), in 1939, was probably the first to point 

out such inhibitions, when he found inhibition by either isoleucine, 

valine, or leucine when given singly, but stimlation of growth by all 

three given together. Rowley (73) found norvaline and norleucine inhibi-~ 

tory for most strains of E. coli, but methionine usually reversed the 

inhibition. Kuwahara (74) found valine and leucine to be inhibitory to 

Vibrio cholera in a synthetic medium. Umbarger and Brown (75) found the 

K-12 strain of E. coli to demonstrate a related effect: high isoleucine 

levels inhibited uptake of valine, and high valine levels inhibited pro- 

duction of isoleucine within the cell but not the uptake of isoleucine. 

Similarly, in L. arabinosus 17-5, Henderson et al. (76) found that with 

isoleucine, leucine, valine, and methionine, when one of the first three 

was limiting then the others were inhibitory, in decreasing severity in 

order listed. 

Waelsch et al. (77) found 0.01 M bicarbonate to be inhibitory for 

L. arabinosus, at pH 7.l:; glutemic acid or a trace of glutamine reversed 
  

the inhibition. Camien and Dunn (78) showed D~glutamic acid to be stim-— 

latory to this organism, unless large amounts of aspartic acid or asparagine 

were present; later (79) they showed that glutamine was needed when aspartic
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acid was present and glutamic acid absent, and decided that L—glutamic 

acid, D-glutamic acid, and I-glutamine should all be considered essential 

metabolites for L. arabinosus. Niven (80) reports the need by S. lactis 

for asparagine or glutamine for initiation of growth, and this fits the 

same general pattern. 

Finally, to demonstrate another complex interrelationship between 

the amino acids in gravth media, Prescott et al. (81) showed that for 

L. delbruckii excess Iealanine interferes with the uptake of Il-serine; 
  

McCoy et al. (82), with S. faecalis, showed arginine and valine to be used 

faster when less than optimum amounts of serine are available to the 

organism, McCoy and Wender (83), again with S. faecalis, showed cystine 

to have optimm stimulation of growth at 0.05 mg/ml, less effect at 

twice that (equal to none at all), and above the 0.10 mg/ml level cystine 

was inhibitory. 

The lactic acid bacteria in general require from none to most of the 

B-vitamins; Peterson and Peterson (8) review thoroughly the vitamin 

needs of several of these bacteris as well as the techniques of micro~- 

biological assay of vitamins. The Lactobacillus bulgaricus factor and its 

related compounds of the "folic acid" group were located and identified 

as a result of Lactobacillus requirements for this factor. Snell (85) 

reviews the role of lactic acid bacteria in the discoveries of folic acid, 

the pyridoxine group, and pantothenic acid, as well as their use in vita- 

min assays. Snell (86) later described the use of L. arabinosus for the 

assay of nicotinic acid. Shankman et al. (87), in surveying the vitamin 

needs of twenty three lactic acid bacteria, found choline, inositol, and
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they found a unique slight inhibition of acid production in L. brevis 

by the pyridoxine group, as well as delayed growth of L. casei 71,69 

by p-aminobenzoate. 

To show that the vitamin requirements are not completely understood, 

Kennedy et al. (88) demonstrated the presence of a stimlatory factor for 

L. casei in corn steep fluid, which cannot be identified with any knowm 

growth factor. 

The nitrogen bases, the purines and pyrimidines, may be necessary 

components of a medium for some lactic acid bacteria, but their inclusion 

was started before the discovery of folic acid and vitamin B-12. Jn many 

cases, these will replace the bases, but inclusion of the bases has con- 

tinued on "general principles". Stokes et al. (89) include guanine and 

uracil, which they state are probably non-essential for the assay 

organisms concerned, in case traces of the bases in the assay sample should 

be stimilatory. They found, too, that higher levels of adenine, guanine, 

uracil, and several vitamins are required in order to obtain a linear 

assay curve for lysine. Snell (85) states that for certain organisms 

the bases adenine, guanine, xanthine, and hypoxanthine are interchange— 

able, but that various organisms differ in the ease with which they use 

the individual compounds. 

The effects of the bases on bacterial growth are closely connected 

with the presence of vitamins in the medium; Snell (85) mentions the 

requirement of L. arabinosus for purines or p-<aminobenzoic acid, and of 

L. casei for purines or folic acid. Hitchings et al. showed replacement
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of the pyrimidine thymine by folic acid for L. casei, with consequent 

reduction in acid production — another indication of the benefit of 

Mmon-essential factors" in an assay medium. 

The sugar=—base complexes, desoxyribosides, are also required for 

some organisms; Kitay et al. (90), wrking with especially demanding 

strains of some lactic acid bacteria, showed the need for thymidine or 

other desoxyribosides, which are often but not always replacable by 

vitamin B12. 

The purines and pyrimidines have several times been connected with 

gas tensions of the medium. With Serratia marcescens, McLeon and Purdie 

(91) showed nearly complete replacement of the carbon dioxide requirement 

by several amino acids and bases; without the substitutes, the carbon 

dioxide used approximated the total amount of arginine, pyrimidines, 

guanine, and adenine synthesized. With Staphylococcus aureus, Richardson 

(92) showed that uracil permitted anaerobic growth, but was not needed 

for aerobic growth. Carbon dioxide is knowm to be incorporated into the 

bases during their synthesis, but why uracil aids anaerobic growth for 

S. aureus appears not to have been established. Similarly, Hendlin and 

Roditschek (93) found L. lactis to require pyrimidines for aerobic growth, 

but not for anaerobic growth. 

Lactic acid bacteria have long been considered facultative, micro- 

aerophilic, or sometimes aerobic; stab cultures are usually used for their 

maintainance in stocks. This low oxygen tolerance or low oxidation- 

reduction potential preference, whichever the case may be, is reflected 

in medium requirements of these bacteria. Koditschek et al. (94) showed
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the requirement of L. lactis for vitamin B-12 was removed by lowered 

O/R potentials, by ascorbic acid or other reducing agents, or by pro- 

longed autoclaving, Koser and Thomas (95) also found that with many 

Lactobacilli a cysteine requirement was satisfied by ascorbic acid or 

other reducing agents; not all of the Lactobacilli, however, were so 

obliging, while in still others the reducing agents were supplementary, 

merely improving growth. 

The mention of prolonged autoclaving of a medium to reduce the 0/R 

potential introduces another consideration for growing bacteria, especially 

fastidious ones. Snell et al. (96) mention the necessity of autoclaving 

the carbohydrate of media for L. bulgaricus in the presence of phosphate, 

or else the supplying of pyruvic acid. Niven and Sherman (97) reported 

that with the ten Streptococci tested, especially good growth was obtained 

in media in which the glucose was autoclaved with the medium or added 

after separate autoclaving. Lewis (98) reported that autoclaving glucose 

in alkaline medium may form products toxic to cellulose-decomposing 

anaerobes. 

Giri (99) showed destruction of the arginine in casein by autoclaving 

the casein with glucose for one hour at 121°C; half of the lysine and 

histidine were lost, and the exact amounts varied for the protein involved. 

Iacobellis (100) showed the formation of gluconyl peptides by heating 

alkaline (pH 9.7) solutions of glucose and amino acids; this does not 

occur at pH 7.0. Iacobellis comments, too, on the well know "browning" 

of sugar media upon extended heating, saying that no amino acids are 

involved directly because sugars alone will brom. Teisseyre (101) shows
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the amount of browning to parallel the glucose concentration in an auto- 

claved glucose solution, and to be more severe in alkaline solutions; 

phosphate buffer autoclaved with glucose solution resulted in a loss of 

glucose. Not only alkali affects browning of sugars, for vankys and 

Pearson (102) found greater browning with manganese than without, by 

incubation at 37°C. The browned media promoted less growth, but the 

Specific cause for this was not established, 

McLeod (103) showed a growth promoting relationship between manganese, 

magnesium, and citrate; with S. faecalis, both magnesium and manganese are 

required, manganese reduces the amount of magnesium needed, and autolysis 

rate increase is prevented by higher levels of manganese or very much 

higher levels of magnesium. The citrate is knom to chelate metal ions, 

and is thought by vankys and Pearson (102) to remove mich of the manganese. 

Thus, high citrate buffer concentrations create the need for higher levels 

of at least manganese. 

McLeod and Snell (104) studied the potassium requirements of several 

lactic acid bacteria, and found competitive inhibition of growth by high 

sodium or ammonium to potassium levels. 

Eades and Womack (105) reemphasize the value of moderate levels of 

calcium as a growth stimulant for L. casei, mentioning their ow and 

similar previous work; they found, in a medium containing sufficient 

manganese, that the growth rate increased greatly with 10 — 50 ug/ml of 

calcium ion, but was inhibited by more than 100 ug/ml. The usual assay 

media seldom have calcium concentrations in this range. 

The problem of optical isomerism is of primary concern in synthetic 

media, for amino acids are far less expensive as the synthetic D,Il~ mixtures.
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Fox et al. (106) found D-leucine to be about one third as effective as 

the L-isomer for growth of L. arabinosus; Camien (107) found D-aspartic 

acid to be required by several lactic acid bacteria, not by another; 

Camien and Dunn (78) found D-glutamic acid to be utilized by L. arabinosus, 

and later (79) showed it to be essential to that organism. Snell et al. 

(108) showed the cell walls of several lactic acid bacteria to contain 

considerable amounts of D-alanine, derived from either D- or Ir alanine 

in the medium; this D~alanine was replaceable, though inefficiently, with 

D-alpha-amino—butyric acid. 

In general, however, racemic mixtures are used when the pure L- 

forms are not conveniently available. The medium of McCoy et al. (83), 

for S. faecalis, for example, uses eight D,l=- and seven Ie amino acids; 
  

Stokes et al. (89) use twelve of twenty amino acids as the racemic mix- 

tures; Shankman (61) uses six racemic mixtures in fourteen compounds, 

These workers appear unconcerned about the high levels of the unnatural 

isomers, but assume them merely not to be used. Since no major interference 

has been encountered, the trend seems safe, but still unproven. 

The development of media for use in microbiological assays using the 

lactic acid bacteria has continued for years. Snell, in 1945 (85), 

described the development of such media to that time; in 1948, Henderson 

and Snell (109) described a medium which gave as good growth or better 

growth with the several most used assay organisms. The inclusion of a 

variety of sugars in place of glucose alone was described by McLaughton 

(110) and used by Anderson and Elliker (6). Modifications of the mineral 

content of such media were recently considered by McLeod (103) and by Eades
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and Womack (105), and presumably the optimum medium for assay work 

has not yet been found. 

For reliable microbiological assays to be run on any but the most 

commonly analysed materials, problems must yet be worked out. Primarily, 

accurate growth measurements mist be devised, for both optical density 

and acid production are on weak foundations; Williams and Anders (111), 

for example, describe a higher growth to acid production ratio for 

L. casei caused by oleic acid replacing biotin in the medium. Autolysis 

of cells, caused by manganese deficiency for example (103) might con- 

Ceivably be caused by other imbalances or agents, and would thereby yield 

incorrect growth by optical density values. 

A note of encouragement about such doubts is the estimation (109) 

that microbiological assays have an accuracy of plus or minus five per- 

cent, and a potential of mech greater accuracy. 

F. Analysis of Amino Acids 

The analysis of total amino acids in a material has not been diffi- 

cult; older methods used gravimetric analyses and formol titrations, 

among others, and more recently ninhydrin has become widely used. Ninhy- 

drin is now the foremost reagent, for it is highly selective for alpha- 

amino acids, a few related compounds, and ( unfortunately ) ammonia; in 

addition, it is extremely sensitive, and therefore well suited to micro- 

analyses. 

Ninhydrin, when used as a quantitative colorimetric reagent, requires 

more than the usual precaution to obtain reproducible color yields. The 

two major procedures for such analyses are those of Troll and Camon (112),
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which uses a pyridine-phenol buffer, and of Stein and Moore (113) 

which uses a citrate-acetate buffer. The latter has been found the 

preferable method for the column effluent fractions analysed in this work. 

Until recently, microbiological assay of amino acids has been the 

usual means of analysis, particularly in the cases of mixtures of amino 

acids. For the analysis of only a few amino acids in a material, the 

microbiological assays are still preferable; for a complete analysis, 

chemical methods are sufficiently practical to be an alternate method. 

The accuracy of the bioassays appears to be about plus-or-minus five 

percent (109) with potential for closer accuracy. Exchange colum - 

colorimetric assays have recently been reported as accurate to within 

plus-or-minus two, and usually one, percent (11). 

Amino acid decarboxylases have been used by Gale (115) for specific 

analyses of several amino acids. 

For chemical analysis of amino acids, separation of the mixture into 

the individual compounds must first be accomplished, and the separated 

acids then analysed. The classical fractional distillation of esters by 

Fisher, and solubility separations by many workers of the same era have 

proven inadequate for practical analysis. Individual amino acid tests, 

compiled so completely by Bolling and Block (116), have been the usual 

method of avoiding the problem of separation, but for many amino acids 

no specific analysis has been found. 

Starch, ion-exchange resin, and paper chromatographic methods have 

proven to be valuable separation procedures for amino acids. The paper 

separations are, on the whole, qualitative, but those of Fisher et al. (117)
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and of Wellington (118) using ninhydrin, of Levy (119) using the 2,h- 

dinitrophenyl derivatives, and of Montreriel and Khouvine (120) using 

the cadmium complexes of the ninhydrin reaction compound are notable 

attempts at using paper chromatograms quantitatively. The development 

of ion-exchange resin colums for amino acid separations, primarily the 

work of Moore and Stein, has resulted in a procedure of considerable 

power. It is this procedure (121), published in 1954, which was used in 

this work. 

G. Hydrolytic Procedures 

In order for a quantitative analysis of the amino acids, purines, and 

pyrimidines in natural materials to be made, the compounds mst first be 

liberated from the complex macro-molecules that these compounds largely 

Compose. 

There has not been found a satisfactory procedure for liberation of 

all the purines and pyrimidines from the nucleic acids of whole cells 

without much decomposition of some of them. Daly, Allfry and Mursky (122) 

describe dual hydrolytic procedures for analysis of purified nucleic acids, 

which do not work in the presence of protein and carbohydrate. Wyatt (123), 

also, has investigated this problem, and evolved a procedure with the 

same limitation. Hydrochloric acid hydrolysis, part of the procedure of 

Daly, et al., (122) oxidizes mich of the purines, but does little damage 

to the pyrimidines. In-as-mich as no procedure has appeared for satisfac- 

tory hydrolysis of whole cells to release the purine and pyrimidine bases, 

an analysis of these compounds was not performed. 

Hydrolysis of proteins to the separate amino acids likewise has the 

problem of total hydrolysis versus decomposition of some of the hydrolytic
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products. Protein hydrolysis has been approached by three methods: 

enzymatic, acidic or basic, and more recently ion-exchange resin 

hydrolyses. 

Enzymes have not provided complete hydrolysis, and also add their 

own protein to the hydrolysate, and are not used for analytical hydrolysis 

procedures. 

lon—exchange resins have recently been investigated as hydrolytic 

catalysts, and offer great hope of at least partial success. Paulson 

and Deatherage (12), for example, have shown nearly complete hydrolysis 

by sulfonic acid resins in several kinds of pure proteins. 

Acids and bases have long been used to obtain complete hydrolysis 

of proteins. Neither acid nor base fulfills the desire of total hydroly— 

sis without decomposition, for acid decomposes most or all of the 

tryptophan, and base destroys most of several other amino acids — condi- 

tions and other materials present greatly affecting the decompositions 

in both cases. In addition, basic hydrolysis racemizes the amino acids. 

Many variations of the conditions of protein hydrolysis have been 

employed, the major procedures using HCl. For example, Simmons (125) 

hydrolysed wool in 200 volumes of 6 N HCl at 140-150°C for 16 hours; 

Wellington (126) used 50 volumes of 12 N HCl at 110°C for 16 hours, and 

followed this with the addition of some hydrogen peroxide to the cooled 

solution, letting that react slowly for several hours. Watlington, Baker 

and King (127) found 6 N HCl at 110°C for 15 hours to be the minimm time 

giving maximm liberation of amino acids from fur. Moore (128) suggested 

the use of 100-200 volumes of 6 N HCl at 110°C for 2 hours as satisfactory 

for purified proteins.
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The presence of carbohydrate in the protein hydrolysis solution 

aids the decomposition of many of the amino acids as is demonstrated with 

cystine by Yoritake and Ono (129), and for methionine by Osono, et ale 

(130). Hirs, Stein and Moore (130) extrapolated hydrolyses of purified 

ribonuclease with 6 N HCl at 110°C, sealed under vacuum, from 22 and 

70 hour aliquotes, to a zero—time composition; in a digestion using pure 

amino acids they found decomposition of 16 % of the serine, 8 % of the 

threonine, and neglegible amounts of the others ( tryptophan not included ). 

Their data show about 10 % loss of both proline and tyrosine during the 

time between 22 and 70 hours, which is an unusually long time of hydroly- 

Sis. The loss of methionine during the same time was nil, but the 

evacuated sealed tube mst be recognized as protecting the amino acids 

from the air. 

H. Growth Studies 

The usual basis for judging the nutritional quality of a bacterial 

growth medium is the degree to which it supports growth of the organism 

concerned. Qualitatively, — that is, whether the medium supports growth 

or not, the evaluation is quite simple. Quantitatively, by the amount of 

growth, the problem becomes complex, for no single index of growth is 

commonly accepted. Growth of a bacterium might be defined as the produc- 

tion of more of the organism, but what constitutes the organism is like- 

wise not settled. Cell size, polysaccharide, ribonucleic acid, 

desoxyribonucleic acid, protein, fat, carbon, nitrogen and phosphorous 

contents may all vary relative to each other and per cell, depending on 

the medium and growth conditions, Acid production by a culture is often
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used as an index of growth, considered to be proportional to the 

amount of a limiting mtrient. 

It would seem that the DNA, the cell's genetic material, would be 

the most fundamental unit for measurement of growth, but its determina- 

tion is impractical for all but the most critical of studies. 

Under most conditions, turbidimetric values are the most practical 

and widely used growth index. ‘Thus, more cells and larger cells are 

measured simultaneously. Errors arise by accumlation of cell wall frag-= 

ments of dead, lysed cells and also by the enlargement of cells because 

of the increased formation of slime-layers or internal nutrient storage 

products. The cells mst also occur separately or at least uniformly 

suspended in the medium so that each might exert its full light-interrupting 

effect. 

The other important indices of growth are total cell—weight yield, 

and amount of some excretion product, often carbon dioxide or lactic acid; 

however, these techniques are used predominantly in specific microbio- 

logical assays, measuring not growth, necessarily, but the amount of some 

limiting nutrient. 

Usually, a medium for optimal growth is judged by its ultimate yield 

of cells, wastes, et cetera. Thus, incubation is carried out over several 

days or mre. However, since cells commonly lyse in old cultures, even 

while growth is contimzing, assay of final turbidity or other yield may 

be misleading. 

It is becoming generally recognized (131) that the most desirable 

measurement of growth is not a final total, but the rate of growth at its
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greatest value, that is, the greatest slope of the log growth phase. 

In the log growth phase the organism has adapted itself to the medium, 

and possibly modified the medium to suit itself, and is engaged in active 

formation of new protoplasm, with a minimum of cell deaths. The growth 

is limited by the concentration of essential nutrients, competition of 

substrates for single enzymes, the necessity of forming enzymes to make 

materials not present in the medium or not obtainable from the medium in 

sufficient amounts, or the rate of removal and/or detoxification of waste 

products. Some one metabolic reaction will probably be rate-limiting, 

holding up the rest, but in a completely optimum medium several reactions, 

closely interdependent, should be rate limiting, since evolving the 

medium increases the rate of the slowest metabolic reaction or process, 

but interferes eventually with one or more others, so that no further 

increase in growth rate can be obtained.
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Ve EXPERIMENTAL METHODS 

A. Amino Acid Analysis by Ion-Exchange Chromatography 

This description of a quantitative chromatographic separation 

procedure for amino acids in protein hydrolysates is essentially an 

abbreviation of the technique described by Moore and Stein (121), with 

additional comments on operational details. While this alone should be 

sufficient guide for complete operation of the procedure, the original 

article should be read also. 

A brief description of the equipment needed for the procedure is 

given in Table F; reasonable substitutes may be used. 

Many chemicals are needed, and are listed in Table G; the amounts 

of each are better derived from the text. 

An amino acid-containing sample is washed into the prepared colum 

at an acidic pH. A less-<acidic buffer is passed through the column at 

30°C and later continued at 50°C. ‘Then, the buffer reservoir is refilled, 

and a more concentrated and still-less-acidic buffer is passed into and 

mixed completely with the original buffer as the latter, constantly 

changing in composition, flows through the colum, The buffer eluted from 

the column is collected automatically in about 1.6 ml fractions, and these 

tubes are analysed in groups by the Moore and Stein colorimetric ninhydrin 

method (113). In this analysis, reagent is pipetted into each tube and 

mixed. The tubes are then heated in boiling water for 15 minutes, cooled, 

diluted with alcohol solution, and the color measured, 

As a preliminary to understanding the colum procedure, one rule 

has evolved: there can be no compromise on procedure. Every error and
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Table F : Equipment Needed for Operation of 

the (195) Moore & Stein Amino Acid Colum 

Serum Bottle ( narrow mouth, side arm at bottom; ) 00 - 500 ml 

Separatory Funnel ca. 500 ml 

Condenser—jacketed Colum 0.9 = 1.0 cm ID X 150 — 160 cm 
with porous retaining disc sealed near bottom 

Water—bath and Heating Elements, with automatic thermostatic 
control for 30.0 * 0.5 °C, and 50.0 # 0.5 °C. 

Circulating Water—Pump to raise water about six feet, for 
four days' continuous operation 

Automatic Fraction Collector drop counting 

Automatic Hand Pipette as accurate and convenient 
as obtainable, for 1.0, and 1.5 or 4.5 ml, delivery 

Colorimeter for 575 and 0 mu wavelengths 

Test-tube Racks to hold 20 to 100 tubes (50 used) 
to permit heating of tubes in a boiling bath; 
perforated top desirable 

Test-tubes size to fit fraction collector and 

the racks; 1.5 X 18 cm Pyrex used 

pH Meter to permit making buffers to 
accuracy of *= 0.02 pH units 

Flexible tubing, stoppers, wire, pipettes, etc., as found in lab.



Table @: Chemicals Needed for Separation and 

Colorimetric Development Procedures 

  

Reagent Remarks 

Ninhydrin as pure as obtainable 

Ascorbic Acid unless hydrindantin is purchased 

Methyl Cellosolve peroxide~free 

Alcohol methyl, ethyl, or isopropyl 

Citric Acid Dihydrate or corrected for water 

sodium Acetate Trihydrate or corrected for water 

"BRT J=35" an Atlas Powder Co. detergent 
(Wilmington, Del.) 

Hydrochloric Acid concentrated, reagent grade 

Sodium Hydroxide reagent grade 

Acetic Acid glacial, reagent grade 

short-cut made has resulted in poor resolution of part or all of the 

separation. Under a set schedule, the colum is strictly reproducible. 

Once the equipment has been gathered, put in reliable condition, 

and understood, four phases remain to setting up and making an analysis; 

these are: formation of the resin, preparation of the buffers and 

cleaning solutions, pouring the column, and making the separation run. 

These topics are discussed in that order. 

Resin Formulation 

For a given batch of resin, this process need be done only once. 

The resin used is a mixture of two very similar resins; both are sulfonated 

copolymers of styrene and divinylbenzene. The latter holds the otherwise
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linear polymer chains together, and in increasing amounts makes the 

resin less porous. The resin is formulated with from 2 to 12 or more 

percent of divinylbenzene, the remainder being styrene, and each resin 

is designated as such by the notation "X'", "X12", etc. The resin 

needed for this column is a balance of X and X5, but the proportions 

which should be used depend on the batch of resin obtained (Dow Chemical 

Co., Midland, Mich.) and each batch mst therefore be standardized 

individually. This involves making a colum of the X and running a 

known chromatogram. The procedure is repeated with X5 resin. Usually 

the X4 is close to the desired cross linkage, and the desired ratio can 

be calculated. The possibility of needing X3 is slight, but the X3 is 

handled in the same way. Insufficient X5 resin produces poor resolution 

of the tyrosine-phenylalanine peaks, 

To get proper column performance, only that resin which passes a 

200 mesh sieve, while in a slurry of the salt form, should be used. 

After screening, excessively fine particles should be removed by letting 

the resin settle and then pouring off the "soupy" resin layer and retain- 

ing the heavier. Excess fine resin slows the flow rate; course particles 

hinder resolution, and predispose the colum to "crack", To screen the 

resin, a fine fast jet of water appears to be the most convenient agita- 

tion—carrier. One pound of resin produces enough resin of the proper 

size range for one column with some to spare. "Minus 400 mesh" is the 

proper range for commercially available resin.
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Preparation of Buffers and Solutions 

After each run the resin mst be removed from the column, cleaned, 

and repoured. The cleaning is accomplished by soaking, decanting, and 

resoaking for a half hour or more each in first )N HCl, then in 2N NaOH, 

then in the acid again, and finally in distilled water. The resin is 

then equilibrated with buffer, and the colum is poured, as described 

later. 

Several buffers are used, in addition to the cleaning acid and base 

solutions. These are formlated as follows: 

Buffer pH 3.10 = 0.03, 0.2 N pH 5.10 X 0.02, 2.0 N 

Components 

Citric Acid Monohydrate 42.0 grams 210. grams 

Glacial Acetic Acid --- 43.4 m1 

Sodium Hydroxide 16.6 grams 9 grams 

Sodium Acetate Trihydrate --- 272. grams 

Concentrated Hydrochloric Acid 23-1 mL --- 

Final Volume 2.00 liters 2-00 liters 

Add 5 ml of BRIJ-35 solution (50 g ¢ 100 ml water) to each 

liter of the pH 3.1 buffer; add 1 ml of the BRIJ~35 solution 

to each liter of the pH 5.1 buffer. However, some pH 3-1 

puffer without the BRIJ=35 will be needed, and this is mst 

easily kept as the 2.0 N buffer to be diluted 1 to 10 as 

needed. The detergent (BRIJ-35) compensates for the effect 

of buffer concentration on the drop size and thereby main- 

tains a constant drop size.
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In order to get a methionine analysis from this colum, 0.05 % 

dithioglycol mst be added to the buffers; a constant loss of only 10 % 

of the methionine is then maintained. This was not done for this work, 

but an independent chemical analysis for methionine (132) was used. 

Finally, an 0.20 N NaOH solution mst be made up, containing 5 

ml/liter of the detergent solution, Thus, six solutions are needed: 

4 N HCl; 2 N NaOH; 0.20 N NaOH; and buffers pH 3.10, 0.20 N; pH 3, 2.0 N; 

and pH 5.10, 2.0 N. Accuracy of both pH and normality values is critical; 

improper pH will shift various peaks, and improper normalities may cause 

extreme decreases in flow rate, for the resin expands in going froma 

solution of high normality of the sodium ion to more dilute solutions. 

This expansion creates the necessity of repouring the column after each 

complete run; if only 0.20 N buffer has been added to the colum, the 

resin may be merely washed and equilibrated as is done just following 

pouringe 

Pouring of the Colum 

After the resin is "broken", that is, its porosity regenerated, by 

alternate strong acid and strong base washings, and also cleaned in the 

process, it is mixed with some 2.0 N pH 3 buffer and the slurry adjusted 

back to that pH. The liquid is decanted and replaced with water. Then 

this washing and decanting is repeated twice with 0.20 N pH 3.1 buffer 

( that without the detergent ); this has equilibrated the resin with the 

proper sodium ion concentration. 

A large funnel is joined to the top of the empty glass column with 

tubing, and part of the thinly slurried resin is poured in. If the
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particle size of the mixed resin is uniform enough not to create uneven 

or banded settling of the resin, all the slurry may be poured at once, 

the last being rinsed in with more buffer. Should banding occur, a 

thicker slurry may be used, and in severe cases the resin should be 

poured a foot at a time, being careful never to let the colwm drain dry. 

A resin bed about 150 cm tall should be poured. After the resin has 

settled, the funnel is replaced by a separatory funnel, and at least 

100 ml of the 0.20 N NaOH solution, with detergent, is passed through 

the colum to cleanse the resin again. Then the 0.20 N pH 3.1 buffer is 

run through, and when the effluent emerges at the same pH, the colum is 

ready to usee Should the column be stored before use, it is preferable 

to store it in the NaOH wash, and then equilibrate with the buffer the 

day before its use. 

Note that before the colum is washed with the hydroxide, a porous, 

thin corundum disc is floated onto the surface of the resin; this stabilizes 

the resin bed surface to the addition of sample and buffers. 

Separation Run 

In pouring and cleaning the colum, gravity feed alone forced the 

liquids through the colum,. Likewise, the resolving buffers are gravity 

fed; the total pressure head is about six feet. 

To add the sample of hydrolysate to the colum, the buffer above the 

disc is pipetted out, and a sample of about 0.5 to 3.0 milliliters, 

equivalent to 2 to 9 X 107? uMoles of each amino acid, or about 0 x 1073 

uMoles of the usual hydrolysate. The sample mst be at a pH less than 

the colum, about 2.2 being recommended. When the sample sinks into the



~))2— 

resin, it is washed in with several drops of buffer, and the top of the 

column is filled with buffer. Then the buffer chamber, filled and 

clamped, is connected on top; a magnetic stirring bar is dropped in, 

the clamp is removed, and fraction collection is started. 

It is convenient to add the sample and covering buffer to the colum 

and then mount the column over the fraction collector, finally affixing 

the buffer bottle. Next, the water jacket tubing is connected, and the 

water bath is started heating from room temperature to the initial 

30.0 # 0.5 °C. The temperature mst never be allowed to drop below a 

previous temperature, for the resin then shrinks, cracking the resin bed. 

The sequence of elution of amino acids is show in Figure I. Acidic 

and smaller amino acids emerge first, followed by the larger and basic 

ones. 

Two changes must be performed on the column during the run: following 

the complete emergence of serine, the temperature of the circulating water 

is changed to 50.0 = 0.5 °C by resetting the thermstat and permitting an 

even, gradual temperature rise. The water bath should be checked and 

refilled at this time. Upon the emergence of alpha-amino butyric acid, 

between alanine and valine, "integration", or constant volum displace- 

ment, of the buffers is started, In the integration, the 500 ml reservoir 

is refilled with the pH 3.1 buffer. A separatory fummel, mounted through 

a rubber stopper and tipped with a capillary tube, is filled with the 

pH 5el buffer (about 500 ml) with the stopcock closed, The funnel is set 

in place on the lower reservoir and firmly seated, and finally the stop- 

cock is opened and the automatic stirrer below the lower reservoir is
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started, Thus, as the 3.1 buffer flows out through the colum it is 

replaced by the stronger 5.1 buffer, and the buffers are immediately 

mixede 

Fractions are collected until arginine, the last amino acid, is 

eluted. The water bath and pump, the buffer flow, the stirring motor, 

and the fraction collector are then stopped. 

In all, about 850 milliliters of eluent are collected; with fractions 

of 2 drops, as was used for this work, the fractions number 550. ‘The 

fractions are analysed during the run, and the tubes are immediately 

washed and dried. Three hundred test—tubes were sufficient. With the 

resin used here, the starting time was most conveniently between 8 and 

ll in the evening, the first change occurred the next afternoon, and 

integration started that evening. The run was completed by the third 

morning, These times, however, will differ somewhat for various resins. 

The arrangement of equipment is diagrammed in Figure Il. 

B. Analysis of the Colum Fractions for Amino Acid 

The procedure of Moore and Stein (113) was used with as little 

variation as possible. Only remarks about technique will be mentioned. 

The reagent is unstable, being oxidized by air; for 500 tubes, 550 ml 

of reagent were made up, and stored in four, stoppered, 110 ml glass 

bottles and a 150 ml Erlynmeyer flask. The air above the liquid was 

displaced with nitrogen. The flask of reagent was used on a set of 

100 tubes, a milliliter of reagent per tube, and the flask was refilled 

from one of the bottles. The reagent was sufficiently stable thusly 

kept, and involved a relatively constant error between the standardization 

and the various analyses.
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For pipetting the reagent and later the diluent, an automatic hand 

pipetter adjustable to the desired delivery was used. 

The tubes, in the rack, were shaken briefly by hand prior to the 

final dilution, to reduce the blank reagent color. The color was stable 

for an hour or more, but reading was done as soon as possible after 

color development. 

Only tubes 71 to 550 were analysed, these including all the 

anticipated hydrolysate compounds. 

The colum was standardized for quantitative values by analysing 

fractions from a colum loaded with known amounts of all the amino acids 

expected. Summation of the color yields over a given peak, minus nearby 

blank values from the same batch of developed tubes, gave values varying 

by from 3 to 10 % between usually three replicates. These values per- 

mitted calculation of "micromoles amino acid per corrected sum of optical 

densities", 

A typical calculation of the value is in the following, for Threonine: 

Standard Solution contained 8.70 mg/100 ml 

Colum Sample was 0.50 ml of Standard Solution 

Molecular Weight of Threonine is 119.1 

Being x O-roml/sample = 14.35 x 107? mg/Sample 

n.35 x 1072 me/Sample  .  3,65x 1074 mMole/Sample 
119.1 mg/mMole 

3.65 x 1074 m Mole/Sample 

Sum (OD = Blank) is ave. of 2.18, 2.08, 2.1), 2.03, is 2.11. 

3.65 x 107+ uMole/Sample 

Wole  — 3665x107 uMole/Sample ,, 0.173 ull/OD 
Sum 0.D. 2.11 0.D.Units/Sample
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A summary of the values obtained for the standardization is given 

later in Table I, 

C. Identification of the Peaks from the Ion-Exchange Colums 

An amino acid separation colum was run using mom commercial 

grade amino acids, and every other tube of effluent was analysed by the 

ninhydrin method. From the alternate tubes the two fractions most cen- 

tral in each peak were numbered and set aside. One of each pair of tubes 

was desalted by the procedure of Dreze et al. (137); the other was kept 

as a replacement of the first in case of difficulty. The desalted solu- 

tions of amino acids were dried in vacuum over sodium hydroxide, dissolved 

in 0.1 ml of 0.10 N HCl, and chromatographed on Whatman No. 1 paper using 

an ascending n=butanol-acetic acid-water (:1:5, v/v/v) solvent. The 

papers were dried at 100°C in a forced draft oven and developed with the 

collidine-ninhydrin spray of Levy and Chung (133). Identification was 

based on the comparison of the Rp values and colors of the spots obtained 

by the fraction, the suspected known amino acid, and a mixture of fraction 

and known co-chromatographed. The first four peaks, hydroxyproline, 

aspartic acid, threonine and serine, had been lost, and difficulty was 

met in desalting the basic amino acids; also, the cystine peak fractions 

were not successfully desalted and chromatographed, probably because of 

its low solubility. However, since no ninhydrin color at all was detected 

on the latter chromatograms, cystine was not disproved. All but the first 

four compounds were accounted for. 

Of the peaks which were successfully chromatographed on paper, all 

confirmed the position and sequence reported by Moore and Stein. Thus, the
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glutamic acid, proline, glycine, alanine, alpha~amino butyric acid, 

valine, isoleucine, tyrosine, ornithine, lysine, and arginine peaks 

were proved. By elimination of possibilities, cystine and histidine 

are fixed; by its color, hydroxyproline too is proved. Only aspartic 

acid, threonine and serine remain unproven, and since these emerge in 

reproducible peak position and shape, they are accepted as reported by 

Moore and Stein. 

D. Other Analyses 

Analysis of total nitrogen was accomplished by Nesslerization of 

the Kjeldahl digests of the acid hydrolysates, according to Johnson (13l). 

Free ammonia was run, using the hydrolysates directly, in the same 

Nesslerization procedure. 

Tryptophan was analysed separately, using another harvest of cells 

hydrolysed in 5 N sodium hydroxide solution for 18 hours at 121°C. The 

method of Spies and Chalmers (135) was used without change. Total nitro- 

gen of the alkaline hydrolysates was determined as just mentioned for 

the acid hydrolysates. It was found necessary to digest the cells with 

the strong base in stainless steel containers, for the silicate dissolved 

from Pyrex containers made the further analyses impossible. 

E. Growth and Harvest of Bacterial Cells for Hydrolysis 

The stock cultures used for this work were the following: 

Bacillus subtilis strain Koch Novi (non-pellicle former, VPI #3) 

Lactobacillus plantarum atcc 80Ly 

Streptococcus faecalis ATcc 803
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The B. subtilis was grown on nutrient broth. The two lactic acid 

bacteria were grown on a medium similar to that recommended by Henderson 

and Snell (109), modified according to the suggestion of McLaughlin (110). 

The 500 ml flasks of medium containing the basal medium plus 0.5 % Bacto 

Peptone and 0.1 % Bacto Yeast Extract were autoclaved at 10 psi for 15 

minutes. Some browning occurred. After inoculation, the media were 

incubated for several days at 30°C, and the cells were collected by 

repeated centrifugation, decantation, and resuspension in distilled 

water. A stained smear of each final suspension was made, and the 

morphology and Gram reaction found to be uniform and as expected. 

The composition of the basal, defined medium for lactic acid bacteria 

is given in Table H. 

F. Growth of Anaerobes 

The rumen cellulolyte isolated by Smith (136) was taken from 

lyophilized stock and inoculated into the medium of Hungate (37), using 

also his anaerobic transfer procedure. Basically, the procedure involves 

keeping the medium saturated with oxygen-free carbon dioxide, and exposing 

the bacteria to only a carbon dioxide atmosphere. Constantly flowing 

streams of carbon dioxide are directed at the medium by means of Pasteur 

pipettes, and the steady gas overflow ensures no entrance of dust particles 

into the flask or tubes. The deoxygenation train for purifying the car- 

bon dioxide is described by Hungate (37) and modified by Smith (136). 

The rumen organism cells which were analysed were grown on a two- 

phase medium. This medium was prepared by admixing 30 ml of rumen fluid, 

about 10 mg of D-cellobiose, and 2.0 g of agar in a 100 ml glass bottle. 
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Table H 3 Composition of the Chemically defined 

Basal Medium for Lactic Acid Bacteria 

  

Material Amount per Liter 

Glucose 10 grams 

sucrose 5 nt 

Lactose 10 tt 

Sodium Citrate Monohydrate 20s grams 
Sodium Acetate 1 n 

Ammonium Chloride 3 " 

Dipotassium Phosphate 5 " 
Calcium Chloride 205 " 
Magnesium Chloride Hexahydrate «80 " 

Manganese Chloride Tetrahydrate 016 n 
Ferrous Sulfate Heptahydrate Ol " 

Thiamine 1.0 milligrams 

Riboflavin 1.0 nt 

Pyridoxamine O02 " 

Calcium Pantothenate 1.0 " 

Niacin 1.0 " 

PABA O02 n 

Biotin 
OL i" 

Folic Acid 0OL " 

Adenine Sulfate 10 milligrams 

Guanine Hydrochloride 10 ut 

Uracil 
10 " 

Xanthine LO
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The air was displaced, and the fluid well carbonated with carbon dioxide. 

The bottle was securely stoppered and autoclaved at 121°C for 15 mimtes. 

The autoclave pressure was released as slowly as possible; the stoppers 

blew out of about one quarter of the bottles, and these were discarded. 

The rumen fluid was taken from a fistulated steer several hours after 

he had received his usual hay-grain ration; the fluid was strained 

through cheesecloth at the time of collection, and later through a mat 

of glass wool. This strained rumen fluid contained many bacteria and 

protozoa, but few noticible plant fragments. After the autoclaved 

nutrients had cooled and solidified, the bottles were opened aseptically, 

and about 70 ml of sterile distilled water were added to each bottle. 

The water was slightly carbonated, and the stoppers were then fimly 

replaced. 

After a day's incubation at 39°C to permit diffusion of nutrients 

from the agar into the water and detection of possible contamination, 

the media were inoculated with the bacterium. The inoculum was a loopful 

of the heavy growth in the water of syneresis of an anaerobic slant cul- 

ture of the same type of medium. The slant had been inoculated with a 

colony picked from a roll tube culture in Hungate's medium. 

Growth was permitted for about one week. The syrupy fluid was 

checked for the morphology of the bacteria, and all the cultures were 

found to contain only the thin, curved, Gram negative rod that had been 

inoculated. The cultures were pooled, and filtered through a mat of | 

glass wool which removed the few rumen fluid particles and some solid 

agar. Then the cell suspension was centrifuged at about 1200 x G for
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fifteen minutes, and the supernatant was thoroughly drained off. 

The cells were resuspended in distilled water, centrifuged, drained 

completely, resuspended, and centrifuged a third time. The cell 

suspension was stored at near freezing until hydrolysed.
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VI. EXPERIMENTAL RESULTS 

A. Analytical 

The calculated values obtained from the standardization columns 

for conversion of optical density total to amount of amino acid are 

listed in Table I. The values for leucine and isoleucine are the 

average of the color yields of both amino acids, for both compounds 

were found to be slightly contaminated with each other. The value 

listed for beta-alanine was calculated from information given by Moore 

and Stein (113) which described the color yield as being about half that 

of most of the other amino acids. Half the average color yield of the 

most closely agreeing replicates, aspartic acid, threonine, serine, and 

valine, was taken as an approximation. 

Table I : Values of "Micromoles per Corrected Optical Density Unit" 

Aspartic Acid 0.159 Isoleucine 0.190 

Threonine 0.173 Leucine 0.190 

Serine 0.164, beta-Alanine 0.3) 

Proline 0.865 Tyrosine 0.129 

Glutamic Acid 0.169 Phenylalanine 0.155 

Glycine 0.175 Lysine 0.165 

Alanine 0.16) Histidine 0.188 

Valine 0.188 Arginine 0.139 

Cystine 0.378
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The amino acid analysis obtained for purified casein is compared 

to previously reported analyses in Table J. The casein analysed was 

three times precipitated from solution, washed, and dried, as a standard 

preparation for this laboratory. The analysis is seen to agree satis- 

factorily with the literature. Of all the casein analyses reviewed, 

only Gordon et al. (139) have made mention of the difference between 

alpha~ and beta-casein., Casein therefore seems a poor choice for an 

exact protein standard for chemical analyses, 

Table K summarizes the distribution of the nitrogen in the bacterial 

hydrolysates. It is seen that only about 70 % of the total hydrolysate 

nitrogen is ammonia and amino acid nitrogen. Porter (10) describes 

several bacterial compositions as containing about 5 % of the total cell 

nitrogen in the form of purine and pyrimidine bases. Therefore, about 

25 of the total nitrogen is not accounted for. The discrepancy is 

thought to be the result of some change in the procedure which was not 

realized by the author. Recalculation of the data has not uncovered the 

error. An alternate explanation would be a uniformly high Nesslerization 

analysis. However, in view of the close agreement of the amino acid 

analyses with similar literature analyses, the relative amino acid com- 

positions are thought valid. 

The compositions of the bacterial hydrolysates are given in Table L. 

The results for L. arabinosus are in close agreement with those of Camien 

et al. (11); the results for B. subtilis agree well with those of Stokes 

and Guiness (12). Gale (115) extracted S. faecalis with alcohol to 

remove the free amino acids, and obtained analytical values for the
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Table J : Analyses of Casein, in Mole Percent 

Reference found here Block (116) Gorden et al. 

(139 

Method Used Chromato= Chemical Chemical 
graphic 

Amino Acid alpha- beta~ 

Hydroxyproline 0. 1.7 - - 

Aspartic Acid 6.5 5.5 76 hel 

Threonine eS 30h hed 4.8 

Serine 6.5 6.5 Tol 73 

Proline 11.2 Tol 8.5 1526 

Glutamic Acid 19 ly 19.8 18.2 Li eT 

Glycine 39 0.) 4.2 3-6 

Alanine 5.0 4.9 520 2e1 

Valine 8.8 6.1 6 ol; 98 

Cystine O.. 0.3 0.5 0.1 

Methionine ~ 320 220 26 

Isoleucine 568 Be 5.8 eT 

Leucine 10.5 10.5 Tel 10.0 

Tyrosine 29 56 Sol 2.0 

Phenylalanine 3.5 45 323 329 

lysine 9.0 6.0 73 hed 

Histidine 209 202 20) 202 

Arginine 21 3.5 3.0 202 

- 1.6 1,0 0.3 
Tryptophan 

Henderson 
and Snell 

(1h) 

Bioassay 

6 

307 

10.0 

18.9 

6.2 

2.3 

6.6 

9.0 

elk 

Le? 

720 

205 

303 

1.0
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hydrolysate of the extracted cells that differ markedly from the whole- 

cells analysis reported here. The difference between the values for 

glutamic acid is especially evident, but that glutamic acid is a major 

component of the free amino acid pool for Staphylococcus aureus has been 

shown by Gale and vanHalteren, (13), and it may probably be assumed 

that this high-level storage of glutamic acid is of general occurrence. 

Table K : Summary of the Distribution of the Nitrogen in the 

  

  

  

Bacterial Hydrolysates 

Organism Total Amino Acid Ammonia Percent 
Nitrogen Nitrogen Nitrogen Recovery 

B. subtilis 18), 106 2h, 7L % 

S. faecalis 66), 07 29 66 % 

Rumen Organism 128 t? 12 70 & 

L. arabinosus ? 878 106 - 
  

* All nitrogen values are micromoles per milliliter of hydrolysate. 

 



Amino Acid 

Hydroxyproline 

Aspartic Acid 

Threonine 

Serine 

Proline 

Glutamic Acid 

Glycine 

Alanine 

Valine 

Cystine 

Methionine 

Isoleucine 

Leucine 

beta-ALanine 

Tyrosine 

Phenylalanine 

Lysine 

Histidine 

Arginine 

Tryptophan 

Table L ; 

Lacto= 
bacillus 
arabinosus 

0.0 

Geof 

567 

Sel 

nil 

12.9 

Gof 

16.5 

7.0 

Oo); 

6.9 

be7 

0.3 

1.8 

3.6 

7d 

2.1 

6 

1.6 

5 7= 

otrepto= 
coccus 

faecalis 

0.0 

905 

305 

h.3 

30h 

1.7 

99 

1325 

8.) 

0.5 

0.4 

Tel 

8.0 

301 

1.8 

202 

4.8 

2.0 

26 

nil 

Amino Acid Compositions 

Bacillus 

subtilis 

0.0 

9.6 

6.0 

505 

2.1 

13.1 

961 

131 

8.6 

0.0 

203 

720 

11.4, 

0.0 

203 

el 

78 

Rumen 

Organism 

0.0 

9h 

567 

Le? 

226 

12.8 

9.8 

11.9 

8.3 

2.2 

328 

8h 

8.8 

0.0 

2.5 

3e1 

305 

1el 

328 

2.2 

Mole=Percent of Amino Acid in Hydrolysates and Medium 

Henderson 

and Snell 

Medium 

0.0 

13.4 

2eT 

3.0 

320 

21.26 

4.2 

17.8 

2eT 

2.6 

2.1 

2 

2h 

0.0 

1.7 

19 

6.3 

4.0 

6.5 

1.5  
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Be Growth Studies 

S. faecalis and L. arabinosus were inoculated into triplicate sets 
  

of four different media. These media were variations of the Lactic Acid 

Bacteria Basal Medium shown in Table H. The variations concerned the 

source of amino acids. Amino acids equivalent to 0.30 % protein were 

used for all four media, but the proportions of each amino acid varied 

as follows: enzymatic casein digest (vitamin-free) only, the twenty 

common amino acids each at the same nitrogen level, the same amino acids 

in proportions closely approximating the composition of the respective 

organism, and approximately the same amino acid composition used by 

Henderson and’ Snell (109) in their assay medium. The mole=percent amino 

acid composition of the Henderson and Snell medium is included in Table L 

for comparison with the composition of the several bacterial hydrolysates. | 

All the amino acids used in the media were the I~ forms except isoleucine, | 

methionine, serine, threonine, and valine; these compounds were used at 

two-fold concentrations to provide an equivalent amount of the L- forms. 

L~ Asparigine replaced about 0 % of the aspartic acid and about 10 % 

  of the glutamic acid, on an equivalent nitrogen basis. 

The media were sterilized by filtration through a Morton sintered- 

glass filter. Cotton-plugged test tubes of selected optical similarity 

were the culture containers, and each tube contained five milliliters of 

medium, The anino acids had been made up in dilute hydrochloric acid or 

sodium hydroxide solutions when necessary for their solution, and when 

the media had been mixed the pH values were found to be at approximately | 

7.0, as measured with a narrow-range indicator paper. Growth was followed  
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by measuring the optical density with a Klett-Summerson Colorimeter with 

a blue filter, at five-hour intervals. Uninoculated tubes of each medium 

were the respective blanks. 

The results of this experiment were not clear. No growth occurred 

for L. arabinosus, but S. faecalis did grow. Plots of the logarithm of 
  

the optical density readings at the five five-hour intervals were of no 

aid to an understanding of the data. One observation was obvious: the 

casein hydrolysate promoted faster and heavier growth than did any of 

the amino acid mixtures. For the three amino acid media, maximum growth 

in any five hour interval was calculated by averaging the greatest rise 

in the logarithms of the replicated optical density values; the values 

obtained for "level", "composition", and "assay" media were 0.71, 0.73, 

and 0.77. Since the average deviations from the means of the replicates 

are 0.29, 0.20, and 0.05, these indices of growth are not significantly 

different. The average number of hours before growth was measurable 

was calculated for each set of media, and these values follow the same 

sequence, the lag time being shortest for the "assay", with "composition" 

and "level" following in that order, the numbers being 11.7, 6.7, and 

1.7, respectively. This difference may be of significance, 

Several tubes of the same media just described were autoclaved at 

10 psi for 10 minutes. These were inoculated with L. arabinosus, and 

incubated, as usual, at 37°C. Of the five media inoculated, growth 

occurred in only two, the casein medium and the medium in which each 

amino acid provided the same amount of nitrogen. 
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A set of media similar to the ones just described were prepared, 

but 0.2 % of pyruvic acid added to each. These filtered media were 

inoculated with the same organisms that were used in the media without 

the pyruvate, and incubation permitted for almost three days. Growth 

was obtained only with S. faecalis in the "composition" medium, and for 

L, arabinosus in the "casein" medium. It was found, in addition, that 
  

the direct colorimetry of the bacterial media is completely unsatisfactory 

for measuring the growth obtained, for tubes with no bacterial growth 

gave large variations in optical density while tubes that obviously had 

growth gave no significant differences between initial and final readings. 

Apparently a nephelometer is required for accurate measurement of bacterial 

growth in low amounts. 

A basal medium patterned after the Henderson-Snell (109) assay 

medium and the composition of rumen fluid ( Table A ), was prepared. Its 

composition is given in Table M. This medium was mixed with various 

amounts of freshly obtained, autoclaved ( 10 psi, 10 minutes ), centrifuged 

( 12,000 x G ) supernatant of rumen fluid. An aliquote of each of these 

mixtures was supplemented with the following nitrogen sources: ammonium 

sulfate, enzymatic casein hydrolysate, amino acids of the organisms! 

relative composition, and half-and-half of ammonium sulfate and the amino 

acid mixture. One portion was not supplemented, but kept as a control 

medium. After the addition of the nitrogen sources, by which each medium 

received the same amount of nitrogen, the rumen fluid constituted 80 2, 

hO %, 16 %, 8 %, and O % of each medium. The 80 % rumen fluid medium 

contains none of the artificial medium of Table M. Each tube of medium  



Table M : Composition of the Artificial Rumen Fluid Medium 

Component 

Vitamins 

Purines and Pyrimidines 

Adenine 
Guanine 
Cytosine 

Thymine 
Uracil 

Fatty Acids 

Acetic Acid 

Propionic Acid 
n-Butyric Acid 
i-Butyric Acid 
n=Valeric Acid 
2—Methyl Butyric Acid 

Inorganic Components 

Sodium Bicarbonate 
Disodium Phosphate 
Sodium Chloride 
Potassium sulfate 
Calcium Chloride 
Magnesium Chloride 
Manganese Chloride 
Ferrous Ammonium Sulfate 

Cobalt Chloride 
Ammonium Molybdate 
Zinc Chloride 

Carbohydrate 

Cellobiose 

Amount Comment 

Same as for the Henderson-Snell Medium 

(see Table H) 

0.087 g/l 
0.098 g/l 
0.079 g/l 
0.060 g/l 
0.033 g/L 

0.50 m/l 
0.20 m1/l 
0.10 m/l 
0.05 m1/1 
0.05 m/l 
0.05 m/l 

1.0 =~ 1.5 2/1 

Calculated as the anhydrous 
forms 

Final pH adjusted to 6.5 
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was given a drop of fairly concentrated cysteine solution, carbonated 

with oxygen-free carbon dioxide, stoppered firmly » and autoclaved for 

fifteen minutes at fifteen pounds pressure. The stoppers blew out of 

several tubes, but these were carefully replaced. ‘The cooled media 

were inoculated with a refrigerated two-day culture of the rumen organism. 

The inoculating medium was the same cellobiose-rumen fluid-agar two-phase 

medium described for the growth of this organism. About one-seventh of 

a milliliter of inoculum was used for each tube. 

Growth of the rumen organism was seen after 32 hours! incubation. 

By 68 hours, growth was found in several other tubes, two at a questionably 

low amount. Optical density readings were again found invalid, and were 

not recorded. 

A smear of each medium showing growth was stained with safranin, and 

carefully observed microscopically. Contamination was found in only one 

tube. Table N summarizes the results of the growth experiment. The 

contaminated culture is not included as showing growth. 

Table N : Media Which Supported Growth of the Rumen Organism 

Percent Rumen Fluid : 80 ho 16 8 0 

No Added Nitrogen : - x x - ~- 

Ammonium Sulfate 

Casein Hydrolysate 

Amino Acid Mixture : A d f 

ee
 

Ammonia & Amino Acid 
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A cellulose-digestion trial was performed with the rumen organism : 

into five tubes were put 20 ml of supernatant of centrifuged fresh rumen 

fluid and 100 mg of ground Whatman No. 1 cellulose fiber. After mild 

carbonation, the media were stoppered and then sterilized at 15 psi for 

15 minutes. The cooled media were inoculated with a loopful of rumen 

organism culture. Two of the tubes were removed immediately to a refrig— 

erator, and were kept at near freezing until analysed. The other three 

tubes were incubated at 39°C for two weeks » then at room temperature for 

two weeks more. At the end of this time, the tubes were opened, made 

0.09 M with respect to sodium hydroxide, poured quantitatively into small 

flasks, and autoclaved at 110°C for 15 minutes. The medium was then fil- 

tered through previously weighed sintered-glass crucibles. The crucibles 

were dried in a forced draft oven, cooled, equilibrated with the atmosphere, 

and reweighede 

There was no consistant difference between the weights of the 

precipitate of the incubated media and the refrigerated media. Every 

precipitate showed a weight gain of from to 15 percent, compared to 

the cellulose added. No growth was evident in the tubes during the incuba- 

tion, but the media were originally slightly cloudy and the cellulose in 

the bottom of the tubes occluded any settled growth that might have formed. 

The inoculum culture had been opened before for other inoculations. These 

had proved viable and pure, but it may be possible that the culture was 

no longer alive when used for this series of inoculations several days 

Later. 

To determine a satisfactory medium for maintainance of the rumen 

organism, a series of different media was prepared, and inoculated with  
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the organism in the usual aseptic, anaerobic procedure. At least 

some growth was obtained in most of them by 40 hours! incubation at 

39°C. Several media remained clear for several days. The composition 

of the media and the growth results are summarized in Table 0. The 

cultures appeared pure at completion of the incubation, except as noted. 

Table O : Growth of the Rumen Organism on Various Media 

    

Description of Medium Type of Growth 

1. Rumen Fluid "A", only Strong early 

2. Rumen Fluid "A", 0.5 % Cellobiose Strong early 

3. Rumen Fluid "B", only Weak early 

lh. Rumen Fluid "B", 0.5 % Cellobiose Strong early 

5. Henderson & Snell Basal, Peptone Weak delayed 

6. Henderson & Snell Basal, Peptone Weak mich=delayed 
plus 0.1 % cysteine 

7. 30 % Rumen Fluid "A", Hungate Salts, Medium early 
Cysteine, Cellobiose 

8. 30 % Rumen Fluid "A", Hungate Salts Medium very-early* 

(37), Gall Proteins (27), Cysteine 

9. Same as No. 8, but diluted with three Weak early* 
parts water 

Rumen Fluid "A" was rumen fluid which had been autoclaved when sealed 

under carbon dioxide, then centrifuged to clarify. 

Rumen Fluid "B" was the centrifuged supernatant of whole rumen fluid. 

* These cultures showed many minute, ovoid spots. The typical curved 

rod was nearly absent.    
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VII. DISCUSSION 

A. Analytical Studies 

The Moore and Stein ion-exchange colum, of 195); for separation of 

amino acids, definitely has an important place among analytical procedures. 

For the analysis of only a few amino acids in many samples, this is not 

the method of choice. For the analysis of all the amino acids ina 

sample, especially when there might be small amounts of ninhydrin-positive 

compounds of unknown or unsuspected identity, this procedure is the one 

of choice. Where the proper equipment is available, the latest modifi-~ 

cation of the procedure used here, reported by the same workers (11)), 

Will displace nearly all the older methods, both column separations and 

microbiological assays. 

From that report of Moore and Stein (11) even the 195 colum pro- 

cedure will soon be obsolete. Experience gained with the 195 method, as 

described in this work, will not be obselete, however, for the differences 

between the procedures are slight (128). 

The only important modification of the 195) Moore and Stein procedure 

that could be used effectively is a more rapid increase of concentration 

of the integrating buffers. By integrating the same buffers as described 

in the procedure until phenylalanine is eluted, and then removing most 

of those buffers and integrating with a buffer of even higher pH, the 

basic amino acids and ammonia should be eluted more rapidly. The extra 

step should be worth the effort, for elution of the basic amino acids 

Consumes about one-third of the total elution time. 
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The accuracy of the colmms used for this work is about plus or 

minus five percent, judging from the agreement of the standardizing 

colums. These standard colums are the weak point in the analyses, 

for they represented the stage of learning how to run the column. 

The basic amino acids represent the measurements of least reliability. 

The cause for this is not obvious, but the final several peaks to emerge 

from the colum were frequently superimposed on an undulating blank 

curve. When the blank was inaccurate, the final value obtained was 

likewise. 

The reproducibility of peak positions and relative shapes was 

encouraging, although deviations from protocol produced shifts in the 

positions of the plotted analysis peaks. Under a standardized procedure, 

the results were reproducible. 

The hydrolytic procedures are not as reliable as the column separation. 

Indeed, just how accurate a representation of the true bacterial proteins 

the colum analysis presents is not know. With the present approaches 

to protein hydrolysis (124), there is promise that eventually a biological 

material may be completely hydrolysed without destruction of any of the 

particular group of materials that is desired in free form. 

Little can be said about the decomposition of amino acids that has 

not already been mentioned in the literature review. However, in view 

of those reports, the hydrolysis procedure used probably decomposed some 

threonine, serine, tyrosine, and less of other amino acids. The decompo— 

sition products may have included other amino acids, which would result 

in a double error, There is no way to estimate from the data obtained 

here just what the extent of the decomposition wase  
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The availability of reliable analytical procedures is basic to the 

advancement of biochemistry, as has been shown by the advances made upon 

the advent of the various chromatographic techniques in recent yearse 

The ion-exchange column for amino acids, described in this work, is one 

of the more difficult of the chromatographic analytical procedures, and 

represents a tool of considerable power. 

Be. Growth Experiments 

From the data obtained in the growth experiments with the lactic acid 

bacteria, no definite conclusion can be drawn concerning the hypothesis 

that better growth might be obtained with heterotrophic bacteria on a 

medium more closely approximating the organism's composition. There are 

several possible reasons for the failure to evaluate the hypothesis. One, 

of course, is the inexact measurement of growth obtained by direct 

colorimetry. Nephelometry should provide a far more accurate measurement 

of bacterial cell count. Another reason is the inadequacy of the media 

used to support growth of the organisms at a rate even approaching the 

maximm. In order for the amino acid balance to demonstrate an effect 

on the growth rate, the proportions of the amino acids should provide a 

limiting factor for the growth rate. This appeared not to be the case 

here, for the grossly imbalanced "level" amino acid medium gave growth 

that appeared comparable with the other amino acid media, as near as could 

be measured, and the mlti-peptide casein-digest medium permitted mich 

better growth. It may be that some peptide or peptides provided by the 

casein, and which were absent from the amino acid media, permitted rapid 

growth. Peptide stimlations have been reported for similar (67) (69)  
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and for more distantly related (71) organisms. ‘The amount of sodium 

chloride added with the amino acid solutions may have been inhibitory. 

One percent of sodium chloride has been shown to be slightly inhibitory 

for L. arabinosus (109), but the amount added to the media used in these 

studies was at the most only one-tenth this amount. Similarly, a sodium— 

potassium imbalance (10) is not likely for the same reason. The addition 

of the D-amino acids is not likely to have been the cause of the decreased 

growth, in view of the amounts of D- isomers included in the Henderson- 

Snell assay medium, (109). ‘The absence of one or several compounds is 

more likely the reason for poor growth, particularly the absence of D= 

glutamic acid and Ieglutamine (79), D-alanine (108), and D~aspartic 

acid (109). 

The addition of pyruvic acid to the casein medium appeared to permit 

growth of L. arabinosus, but to inhibit growth of S. faecalis. Pyruvic 

acid has been used to enable Lactobacillus bulgaricus to grow in unauto— 

claved media (96); no report of an inhibitory affect of pyruvic acid 

has been found in surveying the literature for this work. 

The response of L. arabinosus to the autoclaving of the casein media 

agrees with the results obtained by adding pyruvic acid, in accord with 

the report of Snell et al. (96). Why the slight growth was obtained in 

the medium which contained an equivalent amount of each amino acid, yet 

not on the other amino acid media, is not understood. Contamination is 

not excluded as a possibility in both cases, since a Gram stain disclosed 

no recognizable cells. The small amount of growth and the long period of 

incubation prior to staining are probably factors contributing to the 

useless Gram stain. 
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The growth of the rumen organism was strong in nearly every medium 

that contained rumen fluid. ‘The very weak growth of this organism in 

the Henderson-Snell Basal Medium with peptone, after autoclaving, 

represented growth in a medium that is nearly chemically defined. Rumen 

fluid was absent. However, this medium cannot be classified as a com 

pletely defined medium. 

The growth results summarized in Table N, in which rumen fluid - 

basal medium mixtures were supplemented with various nitrogen compounds, 

indicates at least a stimlating effect of small amounts ( 8% ) of rumen 

fluid. By the lesser amount of growth which occurred in the supplemented 

80 % rumen fluid media, the artificial rumen fluid-like medium appears 

beneficial to growth of the rumen organism. 

The heavy growth supported by the media supplemented with amino 

acids is outstanding. The enzymatic casein digest did not support growth, 

but in the other growth experiment in which various unrelated media were 

tested (Table 0) the organism grew in the peptone medium without free 

amino acids having been added. This growth, however, was quite weak. 

Arino acids are not established as the sole stimulatory supplement in the 

rumen fluid media, for amide nitrogen in the form of asparigine was added 

with the amino acids. The major contributor to heavy growth of the rumen 

organism does appear to be free amino acids. 

Tt was unexpected that such poor growth would be obtained in the 

unsupplemented rumen fluid medium; the suggestion might arise that the 

casein and ammonium supplements were slightly inhibitory to the organism, 

and that their absence from the rumen fluid medium was to the benefit of 

  
  

  
 



the organism. More work must be done before this suggestion can be 

seriously considered, 

The lack of digestion and possibly of growth in the cellulose 

fermentation test is similar to the results of Hungate (37) for the rumen 

organism he calls the "less cellulolytic rod". Indeed, the weak cellu- 

lose digesting ability, the size, the morphology and the Gram reaction 

are all the same for Hungate's organism as for the organism used here. 

Fermentation and other physiological abilities mst be determined for 

both organisms before positive identification of these two organisms as 

being the same or different can be made. 

The formation of clear=zones in Hungate's ground cellulose agar, 

considered generally to be an indication of cellulose digestion, is 

actually the only criterion of the digestion by this organism. Since 

no other satisfactory explanation for the formation of the clear-zones 

seems to have been offered, in the literature enzymatic digestion is 

accepted as the cause of the zone formation. 

It was noticed that when the rumen organism was grown in the two- 

phase rumen fluid cellobiose agar medium the aqueous phase became viscous, 

and the agar phase was broken by gas formation. It was assumed at first 

that the organism had partially hydrolysed the agar, and it may have done 

so, but culturing the organism in a cellobiose-rich broth, without agar, 

results in the same viscosity increase. It would seem that the organism 

produces a soluble material which causes the higher viscosity. Centrifu- 

gation removes the bacterial cells from suspension, but does not remove   
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the viscous materials; because this phenomenon has been observed only 

in carbohydrate-rich media, the material is presumable a polysaccharide. 

Glucose has not been used as a carbohydrate source for the rumen organism, 

so whether it would enable the organism to produce the material is not 

knowne 
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