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Sorne bioehemical aspects of biotin deficiency in 

. Arthrobacter globiformis 

Biotin deficiency has been shown to cause morphological 

aberrations in!. globiformis 425. Single compounds, such 
, 

as oleic acid, linoleic acid, linolenic acid, Tween gO, 

asparta~e, and oxalacetate, showed varying degrees of 

biotin-replacing activity, but none \'las able to restore 

the cell to normal growth. Comparative analysis of fatty 

acid composition indicated that biotin deficiency causes 

a shift in synthesis from anteiso to normal straight chain 

fatty acids. RNA, DNA, and protein accumulation 'ilere 

followed throughout the growth cycle. The RNA content 

per cell was reduced by the vitamin deficiency, hm'lever, 

the DNA per C.F.U. was rnaintained at a level comparable 

to that of the normal celle Protein reached a final 

level 35% greater th an the normal cell proteine It is 

pro~able that much of this material is comprised of 

structural proteins which would account for the morpholo

gical abnormalities which accompany biotin-depletion in 

this organisme Hydrolysates of cell wall .material 'ilere 

analysed for amine sugar and amino acid contents. The 

abnormal cell was found to contain 13.4 times more 

ninhydrin-reacting material and 19.4 times more hexosamine 

per mg dry \'Ieight over the biotin-sufficient celle 
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INTRODUCTION 

Biotin is an essential growth factor for many micro

organisms (Briggs, 1961). In 1962 Chan and Stevenson con

firmed a previous report by lw10rris (1960) that Arthrobacter 

globiformis 425 is also a biotin auxotroph. Two years later 

Chan (1964) reported that when the organism was grown in 

medium containing suboJtimal concentrations of the vitamin, 

morphologically abnormal forms appeared. He suggested that 

cell wall synthesis might be impaired. Examination of the 

cell using electron microscopy indicated that the abnormal 

form consists of several membrane-bound bodies surrounded 

by a thick matrix, giving further support to the view that 

the cell ".rall is affected (Robertson and Chan, 1970). The 

aim of the following work is to relate the morphological 

aberrations to the biochemical changes which occur as a result 

of biotin deficiency. 
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j ..... 
HISTORICAL REVIEU 

Vitamin Associated Morphological Aberrations 

The involvement of morphological abnormalities with 

vitamin deficiencies was first reported in a vitamin B12-

requiring Arthrobacter species br Chaplin and Lochhead in 

1956. One year later ffolden and Holman described the appear

ance of an elliptical, swollen form of Lactobacillus arabinosus 

as vitamin B6 became limiting. They suggested that cell wall 

composition or structure might be altered, an hypothesis 

which was' proven in later studies (Holden and van Balgooy, 

1964,1965). 

Shiio, Otsuka, and Takahashi (196 2) \'lere the first to 

involve biotin in a similar context in Brevibacterium flavum. 

Chao and Foster (1959) had previous1y described a pleiomorphic 

biotin-requiring Bacillus species. However, rather than 

relating the pleiomorphism to nutritiona1 factors, they felt 

that this Baci11us 14B22 was an intermediate between B. megaterium 

and ~. cereus. It was later renamed B. cereus by Hubbard and 

Hall (1968) who attributed the morphologica1 changes to 

vitamin deficiency. Other microorganisms similarly affected 

are Arthrobacter globiformis (Chan, 1964), Saccharomyces 

cerevisiae (Dixon and Rose, 1964), Escherichia coli (Gavin 
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and Umbreit, 1965), Bacillus megaterium (Shiroko~~~, 1965) 

and Bacillus polymyxa (Summers and \~ss, 1967). 

Biotin Involvement in Cell Metabolism 

Early evidence for biotin's role in fatty acid biosyn

thesis l-/as ;Jrovided by '.'lilliams and Feiger in 1946. They 

reported that oleic acid and ela~dic acid both have the 

ability to substitube for biotin in Lactobacillus casei. 

This replacement was optimal at a given concentration, time 

of incubation, pH, and temperature. Despite su ch strong 

evidence for an enzyme-linked role, they favoured the view 

proposed earlier by Kodicek and Worden (1945) that the stim

ulation was due to physico-chemical properties of the fatty 

acid. Axelrod, I.litz, and Hofmann (1948) identified as fatty 

acids the three factors in human plasma which were able to 

replace biotin for two Lactobacillus species. The carboxyl 

group of the oleate was an essential factor and a synergistic 

response was obtained if saturated fatty acids \'1ere added 

as weIl. They felt that their data suggested an involvement 

of biotin in lipid Metabolisme Similar experiments in which 

fatty acids enhanced to varying degrees the growth of a 

biotin-deficient organism gave further support to this hypotheEis 



... 
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(Broquist and Snell, 1951; Hofmann and Panos, 1954; Hubbard 

and Hall, 1968; Yoshida, 1969). Cheng, et al, (1952) showed 

that the position of the double bond and the degree of unsat

uration were important factors in the biotin-replacing cap

abilities of certain fatty acids. In vitro studies, using 

purified extracts of avian liver, final1y confirmed suspicions 

that ùiotin is invo1ved in fatty acid biosynthesis (Wakil, 

Titchener , and Gibson, 1958; \'Iakil and Gibson, 1960). 

That biotin is a multifunctional compound became apparent 

early in the se&rch for its biological role. A variety of 

compounds including aspartate, oxa1acetate &nd carbon dioxide 

were able to stimulate groi'/th of biotin-deficient organisms. 

In Streptococcus faecalis aspartate a10ne substituted ad

equate1y \'lhereas in Lactobacillus arabinosus replacement by 

the amino acid was only partial (Stokes, Larsen, ·and Gunness, 

1947; Broquist and Snell, 1951) •• It "ms incompletely effective 

in Torula cremoris as weIl (Koser, ~œight, and Dorfman, 1942), 

indicating that a~partic aciè coulè only co~?ensate f0r one 

of biotin's functions. Ahmad and Rose (1962) and Suomalainen 

and Keranen (1963) independently worked on two èifferent 

strains of ~. cerevisiae. They reported that the biotin 

requirement could be s&tisfied by supplying aspart~te along 
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with uns~turated long chain fatty acids. Ahmad and Rose 

further noted that although the yeast grew 1'/ell and lias less 

fragile than its biotin-deficient counterpart, restoration 

to normal cell .... /all synthesis "las not complete. Other studies 

on this organism revealed that there are multiple restrictions 

imposed on the cell as a result of decreased biotin. Aside 
s , 

from change~ ~n cell wall com?osition (Dunwell, Ahmad, and 

Rose, 1961) there is an increase in acid-soluble U.V. absorb

ing material 1'lithin the cell in early growth along with a 

decrease in RNA, DNA,and protein (Ahmad, Rose, and Garg, 1961). 

Of the enzymes tested only carbamyl phosphate ornithine 

carbamoyl transferase activity seemed to ce reduced as a 

direct consequence of the nutritional stress. 

Lardy, Potter and Elvejehm(1947) proposed that oxal-

acetate's ability to stimulate biotin-deficient L. arabinosus 

can be explained in terms of a metabolic block \'/hich prevents 

its formation via the carboxylation of pyruvate. The oxal

acetate provided could then be converted to aspartic acid 

via the non-biotin requiring transamination reaction. T\'I 0 

years later they reported that there "las a decreased fixation 

of CO2 in this organism (Lardy, Potter, Burris, 1949). Broquist 

and Snell found CO2 stimulatory in 1951. 
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Biotin was also reported necessary for the carboxylation 

of pyruvate in E. ~ (Shive and Rogers, 1947) and stimulatory 

in the decarboxylation of oxalacetate in these cells when 

aged (Lichstein and Umbreit, 1947). 

Role of Biotin in Carboxylation Reactions 

Despite the accumulation of data involving biotin in a 

variety of metabolic reactions, there remained much doubt 

as to its actual role. Failure to detect protein-bound biotin 

led to the suggestion that the vitamin, rather than being a 

cofactor, is necessary for the synthesis of certain enzymes 

(Blanchard, et ~,1950). However this view was discarded 

when acetyl-CoA carboxylase, an enzyme which participates 

in the first step of fatty acid biosynthesis, was found to 

contain bound biotin and to be inhibited by avidin (Wakil, 

et al, 1958,1960). Other biotin-requiring enzymes include 

beta-methyl crotonyl-CoA carboxylase (Lynen, 1957), pyruvate 

carboxylase (Utter and Keech, 1960), propionyl-CoA carboxylase 

(Kaziro and Ochoa, 1961) and geranoyl-CoA carboxylase (Seubert, 

Fass, and Remberger, 196)}. AlI are ATP-dependent carboxyl

ating enzymes which require ~~++ for their activation. The 

reaction characteristically occurs in two steps as exem~lified 

by the ~. coli acetyl-CoA carbo:~lase (Alberts and Vagelos, 

1968). 
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1. E-biotin + ATP +HC03 -~ E-biotin-C02 + ADP + Pi 

2. E-biotin-C0
2 

+ RH ~<--________ ~> E-biotin + R-C02 
(malonyl-CoA) (acetyl-CoA) 

This enzyme can be dissociated into two subunits, each one 

catalyzing one of the above reactions. The enzyme of the 

first reaction can be further dissociatef at alkaline pH into 

a biotin-containing protein and a larger biotin-free ~rotein 

which has the ability to catalyse the carboxylation of free 

biotin in a model reaction (Alberts, Nervi, and Vagelos, 1969). 

A transcarboxylase, catalysing the formation of oxalacetate 

from methylmalonyl-CoA, has been found in a propionic acid

producing bacterium. It differs from the c.;:..rboxylase enzymes 

in not requiring magnesium or ATP. It too can be dissociated 

at alkaline pH into subunits (Gerwin, Jacobson, and V/ood, 

1969; Northrop and Wood, 1969). 

The MOSt recent addition to the magnesium, ATP, biotin-

dependent enzymes is a ureaamidolyase found in Candida utilis 

(Roon and Levenberg, 1970). It requires catalytic anounts 

of bicarbonate which, with the hel~ of biotin is transferred 

to the urea te forro allophanate. This inte~ediate 15 t~en 

s~lit to release the end '1roducts, ammonia and bicarbonate. 
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Despite the apparent diversity of functionsattributed 

to biotin, aIl enzymic reactions that have been closely 

examined involve carbon dioxide transfer. It is possible then 

that many reactions known to involve CO2 will be found to 

require biotin and, conversely, those suspected of requiring 

this cofactor will in sorne \'Iay involve CO
2 

transfer. 

Effect of Biotin on I>1embrane Composition 

Lipid composition of microorganisms have been kno~m to 

vary \'/idely \'lith age of culture (Kates, Adams, and Nartin, 

1964; Kanfer and Kennedy, 1963; Law, Zalkin, and Kaneshiro, 

1963), temperature of incubation (lvlarr and Ingraham, 1962; 

Bishop and Still, 1963; Kates and Hagen, 1964) and composition 

of the medium (Itfarr, !!~, 1962). The discovery of biotin 

involvement in fatty a cid synthesis (vlakil, et ~, 196o) led 

to a search for changes in the lipid fraction of the cell under 

conditions where the vitamin was limitin5_ The observation 

that s~lits occur in the li~id layer of s. cerevisiae (Dixon 

and Rose, 1964) gave mor,hological evidence in sUjport of a 

~revious report by Suomalainen and Keranen (1963) that there is 

an increase in C16 and a decrease in Cla fatty acids. Total 

lipid content \-/as lO~/er in Aspergillus nidulans (nao and ~·~oèi, 
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1965), Bacillus subtilis (Kaneda, 1966), and Lactobacillus 

plantarum. (Groom, 1.1cNeill, and TOlie, 1964; Holden, et ~, 

1970. The particular changes \'/hich have been noted differ in 

different microorganisms and there is no obvious general 

trend. Thus B. cereus (Hubbard, et al, 1965) and B. subtilis 

(Kaneda, 1966) synthesized increased pro;jortions of branched-

chain fatty aciè, whereas L. plantarum decreased its cis

vaccenie and l_ctobaci11ic acids (Groom, ~ al, 196k). There 

is a1so a decrease in GIS @onoenic acid in Rhizobium ja~onicum 

(Bunn, McNeill, and Elkan, 1970) and C17 cyclo''Jropane fatty 

acid in E. coli (Groom, ~ al, 1964 ). Increases in non-sap

onifiable material occurred in ~. coli (Gavin and Urabreit, 

1965) and L. plantarum (Holden, ~ al, 1970) 

Glutamate Excretion ir. Biotin-deficient Cells 

It is high1y likely that these changes, \'/hich occur in 

the membrane as a result of biotin deficiency, are related to 

other changes that ha.ve been reported, such as the high leve1 

of glutamate production. It has generally been found that as 

the level of intracellular biotin drops belO\'1 that required 

for o~timal growth, glutamic acid excreticn increases. This 

phenomenon has :een described in Eacillus 14B22 (Ghao and Foster, 

1959), Brevibacterium .flavu!!l (Shiio, et al, 1962), Hicrococcus 

glutamicus (Kim"ra, 1963), 2·ïcrobacterium ar:~onia-·hilU!Jl (1.:iyai 

II al, 1963) and Brevibacterium lactoferme:itum {Takina.:.i, 
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Yamada, and Okada, 1966). Arthrobacter globiformis (Veldkamp 

and Zevenhuizen, 1963) and E. coli (Gavin and Umbreit, 1965) 

are also listed ad,ong the gluté.ma te excreters. However, this 

phenomenon has not been as extensively studied in these 

tv/o organisms. 

l-lost evidence suggests that the increased production of 

glutamate is due to an increased permea0ility of the celle 

Kimura (1963) found that the level of intracellular free amino 

acids in il. glut<:illlicus is decreased vlhen biotin is limiting. 

He suggested that the cells e:·hibit an increased permeability 

to amino acids leading to an Excretion of glutamate along 

l'lith a decreased conversion of elutamate to other amino acids. 

Brevibacterium flaVlli~ also has a èecreased intracellular 

amino acid level and an increased uptake of ~lutamctte, as~ar

tate, and al~ha-ketoglutarate (Shiio, ~ al, 1962). They 

pcstulateè that biotin inàirectly regulates cell permeability 

via the synthesis of unsaturated fatty acids, as evidenceè by 

oleate's ability to substitute for biotin. The increased 

permeability to glutamate upsets the regulation of its synthesis, 

causing an overproduction of the a~ino acid (Shiio, Otsuka, 

and Katsuya, 1963). 

In contrast to this work by Shiio, ~ al, Hubbard and 
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Hall (1968) ~ound that the low biotin culture o~ B. cereus 

cont~ined t~rice the intracellular glutamate as that o~ the 

normal celle Furthermore, unlike 1?,. ~lavum, there l'las no 

increased release o~ amine acids ~rom the vitamin de~icient 

cell by washing. They concluded that in~. cereus an absence 

o~ s~~icient biotin does not result in an increased perm

eability. It is possible that ~. cereus does not re?resent 

a new class o~ glutamate producers, but rather the lack o~ 

permeability observed is due to the choice o~ citrate as a 

carbon source ~or Shiio, ~ al had reporteà that the choice 

o~ carbon source greatly influences the biotin level needed 

~or optimal glutamate excretion. Furthermore, citrate has 

been shown to be an activator of liver and yeast acetyl-CoA 

carboxylase (Knappe, 1970), the enzyme o~ the ~irst step 

in ~atty acid biosynthesis. 

Further evidence in support of the permeability hypothesis 

C03es from the work of Oishi, ~ al {1970} who found that 

sucrose or a high concentration of salts are able to restore 

gluta~ate uptake to its normal level in ~. ammoniagenes. 

This uptake shows less s~ecïficity than the no~al cell, 

since it is not inhibited by aspartic acid. Tne use o~ 

sucrose to raise extra cellular osrnotic pressure will also 

increase the acc~~ulation of amino acids in L. ~lantarum 
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(Holden and Utech, 1967). Alternatively, stimulation of lipid 

synthesis by the addition of acetate and biotin will reverse 

the impaired uptake (Holden, ~ al, 1970) by restoring the 

lipid content of the cell to that of the biotin-sufficient 

organisme s. cerevisiae, though not a glutamate producer, 

also exhibits increased permeability to chloride, phosphate, 

and bovine plasma albumin when the concentration of the vit

amin is suboptimal (Rose, 1963). 

Shibuka\'la, ~ & (196,) attempted to relate the shifts 

in fatty acids of B. ammoniaphilum to the accumulation of 

extra cellular glutamate. The major fatty acids of this 

organism are a monounsaturated l8-carbon and a saturated 

l6-carbon fatty acid. \'Jhen the ratio of saturated to un

saturated fatty acids exceeded one, glutamate excretion 

began. In high biotin cultures the reverse was true: the 

synthesis of the monounsaturated fatty acid exceeded that 

of the saturated, the ratio was less than one and glut~mate 

excretion ceased. 
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r.IETHODS AND i~iA TERIALS 

General: 

AlI chemica1 materials used were of the highest purity corn

mercially available. Water used was first distilled in a 

tin-lined still. It was then passed through an ion ex change 

cartridge and finally glass-disti11ed. 

Organism: 

Arthrobacter globiformis 425 was obtained from the stock 

culture collection of the Cell Biology Research Institute, 

Canada Department of Agri culture, Ottawa. This strain, 

also designated NCIB 8602 or ATCC 4336, is identical to 

the one used by Conn (1928). Stock cultures were maintained 

on Trypticase Soy Agar slants and "lere stored at 4 C. 

1-1edium: 

a)Stock solutions of inorganic salts were prepared as des-

cribeè by Snell and Strong (1939) • 

Solution A ~HP04 12.5 g 

KH2P04 12.5 g 

Distilled \tw'ater to 125 ml 

Solution B FeS04 • 7~0 0.25 g 

NaC1 0.25 g 

MnS04• 4H2O 0.25 g 

z.IgS04• 7~0 5.0 g 

Distilleà "ra ter to 125 ml 
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b) The basal salt solution (ESS) shown below was supplemented 

with glucose for use as gro~~h medium (Chan, 1964): 

Solution A 5 ml 

Solution B 5 ml 

KN03 5.0 g 

Glucose (20%,w/v) 50 ml 

Distilled water to 1000 ml 

The pH was adjusted to 6.$ using a Beckman Zeromatic pH 

meter. l The medium was autoclaved for 15 minutes at 121 C. 

Glucose (20%,w/v) which had been autoclaved for ten minutes 

at 121 C "las added to the sterile medium just prior to use. 

The final concentration of the glucose in the medium was 1% (w/v). 

c) Solutions containing 40 ug of biotin per ml distilled 

water were sterilized by l·lillipore membrane filtration (0.22 u). 

Twenty ml aliquots were stored at - 10 C in scre\ll-cap glass 

tubes. Sufficient biotin to give a final concentration of 

0.4 mug/ml ,,~s added to the basal medium in order to obtain 

normal cells. These cells are designateè biotin-sufficient. 

The biotin-deficient culture received no additiona1 vitamin 

but relied on intracellular carry-over and contaminating 

traces of the vitamin for its growth. Biotin has been sho,m 

to be a contaminant of sucrose (Chan and Stevenson, 1962) and 

glucose (Robertson and Chan, 1970). 

1.Beckman Instr~ents, Inc., Falo Alto, Ca1ifornia 
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Inoculum: 
2 a) A 300-ml capa city nepheloculture flask containing 50 ml 

of basal medium and biotin \'las inoculated with a loopful of 

cells from a 24-hour Trypticase Soy Agar slant culture. It 

was incubated at 25 C on a gyratory incubator shakez3 at 

160 rpm. 

b) After 19-22 hours of growth, the inoculum cells were 

centrifuged for 10 minutes at 12,000 x g in a refrigerated 

centrifuge4 • They were washed tvdce in a basal salt solution 

(BSS), each washing being followed by a 10 minute spin at 

12,000 x g. Tne cells were resuspended in BSS to a turbidity 

of 100 Klett Units (K.U.). A Klett-Summerson photoelectric 
5 

colorimeter, equipped with a no. 42 blue filter \'las used 

for this measurement. 

c) Except \'rhere otherwise indicated, 0.1 ml of 100 K.U. cell 

sus?ension l'las inoculated into 50 ml of medium. A correspond

ing increase to 0.8 ml was made when the organism was grown 

in 2-liter Erlenmeyer flasks, each containing 400 ml of medium. 

AlI flasks were gro ... m at 25 C in the incubator, shaking at 

160 rpm. 

2. Bellco Glass, Inc., Vineland, New Jersey. 
3. Psycrotherm, Controlled Environment Incubator Shaker. 

New Brunswick Scientific Company, New Bruns"tdck, New Jersey. 
4. Ivan Sorvall, Inc., Norwalk, Connecticut. 
5. Klett Nanufacturing Company, New York, New York. 
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Measurement of Growth: 

a) Gro~rth of cultures ~;as measured turbidimetrically using 

the Klett-Summerson photoelectric colorimeter. AlI readings 

were taken using a blue filter (no. 42) and expressed as 

Klett Units (K.U.). 

b) In sorne studies, viable counts were also used as a measure 

of cell grm'lth. SeriaI dilutions were done using 0.5 ml of 

cell suspension in 4.5 ml BSS diluent. AlI dilutions were 

shaken vigorously on a Fisher mini sh~ker6 to dissociate 

aggregated cells as much as possible. One-tenth ml samples 

of the appropriate dilutions were plated on Trypticase Soy 

Agar plates using a glass spreader. flates were allowed to 

incubate for 2-3 days at 25 C. Colonies \tTere counted using 

a colony counter 7. The number obtained was expressed as 

colony forming units (C.F.U.). 

Changes in f·tacromolecular Levels with Growth 

Inoculum 

Inoculum used for these determinations deviated from the 

standard conditions in order to obtain sufficient cell yield 

from the biotin-deficient culture to permit estimation of the 

6. Fisher Scientific Co., l.\ontreal, P .'<i. 
7. Otto C ..... /atzka and Co., Ltd., 1.1ontreal, P.Q. 
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protein, DNA, and RNA throughout the growth cycle. Six ml 

o~ a 500 K.U. inoculum suspension were added to each of two 

2-liter ~lasks containing 600 ml o~ the glucose-BSS medium. 

One of the two flasks was supplemented with the appropriate 

amount o~ biotin. 

Sampling 

The procedure followed was that used by Stevenson (1962). 

Samples ranging in size ~rom 20-100 ml ,.,ere taken at 3.5 

hour intervals for 21 hours. Each sample was washed twice 

in BSS and resuspended in 10 ml o~ 5% trichloroacetic acid 

(TCA). After centrifuging ~or 10 minutes at 7,700 x g, the 

preci~itate was suspended in 5 ml o~ 5% TCA, heated ~or 30 

minutes in boiling water and spun down again under similar 

conditions. The supernatant contained the RNA and DNA; the 

pellet contained the protein material. 

Growth l-ieasurement 

Growth was followed turbidimetrically and by viable counts 

as described above. 
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Protein Determination 

Protein was assayed according to the method of Oyama and 

Eagle (1956). The protein-containing pellet was suspended in 

l rr~ of IN NaOH and heated for 10 minutes to remove any 

cloudiness. Dilutions of the sample were done using 0.1 N 

NaOH as diluent. The reagents were prepared as follows: 

Reagent A: 

Reagent B: 

Reagent C: 

Na2C03 

NaK tartrate 

Distilled water 

CUS04·5H20 

Distilled water 

to 

to 

0.2 

0.2 

1000 

5.0 

100 

g 

g 

ml 

g 

ml 

50 parts of Reagent A plus l part of Reagent B. 

This \lIas prepared just before use. 

Folin-Ciocalteau reagent(Fisher Scientific Co.): A dilution of 

5:7 was made using distilled water. 

Reference standards l'Tere prepared using bovine serum albumine 

Fi ve ml of reagent C were added to l ml samples and allo\'led 

to stand for 10 minutes at room tem?erature. One-half ml of 

the Folin-Ciocalteau solution '\'las then added. The contents 

of each tube 'flere then mixed and allo'tled to sté:1nd for 30 

minutes to allow for color development. Optical density read-

ings were measured at 690 mu using a Bausch and L,'mb Spectronic 20 
spectrophotometer 8. 

8. Bausch anè Lomb O?tical Co., Rochest.er., He\ll York. 
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Ribonucleic Acid Determination 

RNA l'las assayed according to the method of Dische (1955). 

The rea gent l'las prepared as follO\~s: 

1 g orcinol 

100 ml concentrated HCl 

0.5 g FeC13· 6H20 

Reference standards were prepared using yeast RNA. 

Three ml of the orcinol reagent were added to 1.5 ml samples. 

After heating for 20 minutes in boiling water: the tubes were 

cooled and read at 670 mu using the Spectronic 20 spectro

photometer. 

Deoxyribonucleic Acid Determination 

The diphenylamine method of Dische (1955) was used to deter

mine DNA content. The reagent "las prepared as follo\'/s: 

1 g aiphenylamine 

100 ml glacial acetic acid 

2.75 ml concentrated H2S04 
Reference standards were prepared using saL~on sperm DNA. 

1.5 ml of sample and 3 ml of the diphenylamine reagent were 

placeè in a boiling \~ter bath for 10 minutes. The mixture was then 

cooled and read at 600 mu using a Spectronic 20 spectrophoto-

meter. 
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Replacement Studies 

Oleic acid, linoleic aCid, linolenic acid, Tween $0, aspartic 

acid and oxalacetic acid were each tested for their biotin-

replacing activity in A. globiformis. Stock solutions of 

oleic, linoleic, and linolenic acids were prepared in ethanol 

at a concentration of 10 mg/ml. AlI subsequent dilutions 

were made in distilled water. The remaining compounds were 

ini tially dissol ved in distilled \'1a.ter. AlI solutions \'/ere 

adjusted to pH 7 using IN l'JaOH and sterilized by r·lillipore 

filtration (0.22 u). The basal medium was supplemented 

with the desired concentration of the test compound. Gro~th 

was expressed in both r~ett units and colony forming units. 

The ranges of each compound tested are given below: 

ComEound Ranges of concentrations tested 

Oleic acid 0.1 ug/ml to 100 ug/ml 

Linoleic acid 0.1 ug/ml to 20 ug/ml 

Linolenic acid 0.05 ug/ml to l ug/ml 

Tween 80 0.5 ug/ml to 10 ug/ml 

Aspartic acid 13 ug/ml to 1330 ug/ml 

Oxalacetic acid 0.66 ug/ml to 660 ug/ml 
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Fatty Acid Analysis 

Growth of Cells 

Cells were grown in 2-liter Erlenmeyer flasks containing 400 

ml of medium. After 18, 29.5, and 51 hours of grm ... th, both 

the biotin-deficient and biotin-sufficient cells were har

vested and washed tviice in distilled vlater. Conditions of 

centrifugation \'/ere 10 minutes at 4 C at 10 J 000 X g. The 

ages of the cells collected corresponded to early log, late 

log, and stationary phases of growth. Comparative analysis 

of the three sampling times ensured that any difference 

observed in fatty acid compo~ltion was due to the limitations 

of biotin deficiency and not due to differences in physiological 

ages of the t"IO cultures. 

Extraction of Fatty Acids 

Saponification \-/as carried out according to the procedure 

of Bunn, et al (1970). Cells were suspended in 20 ml of 

50% (v/v) methanol containing 15% (w/v) KOH. They "/ere 

then refluxed at 60-70 C for three hours. Centrifugation 

for 10 minutes at 12,000 x g sedimented the cell de bris \tlhich 

"las discarded. The subsequent extraction of the lipid material 
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fo11owed the method of Wa1ker ~nd Fagerson (1965). The 

supernatant ~ms extracted twice with ~ volume of diethy1 

ether. This extracted materia1 contained any non-saponifiable 

materia1 that might be th.ere and was discarded. The remaining 

supernatant was acidified to pH 2 with 6N HC1 and was re

extracted 4 times with 3/4 volume of diethy1 ether. The 

excess ether was a110wed to evaporate to approximately 3 ml. 

Formation of Fatty Acid Nethyl Esters 

Fatty acid methyl esters were prepared using diazomethane 

according to the method of Schlenk and Gellerman (1960). 

The apparatus used consisted of three rubber-stoppered tubes 

interconnected by glass tubing. A stream of nitrogen was 

introduced into the system, passing first through an ether-

containing tube. The gas acted as a carrier of the dia7o

methane formed in the second tube from Diazald 9 ( N-methyl

U-nitroso-p-toluenesulfonaHliàe; 0.214 g in 1 ml ether), 0.7 ml 

Carbitol (2-(2-ethoxy ethoxy)-ethanol), 0.7 ml ether, and 

1 ml 6CYf; KOH. This ye11o\'1 gas was carried to the third tube 

which contàined the extracted fatty acid mixture dissolved in 

3 ml ether containing 10% methano1. The reaction was allO\tled 

to proceed for 10 minutes. 

9. Aldrich Chemical Co" l'lihmukee, 'Iiisconsin. 
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Gas Chromatography 

A Hewlett-Packard F and M Gas Liquid ChromatographlO , equipped 

with a 3% S.E. 30 methyl silicone rubber gum column on Diatoport 

S (80-100 mesh) of dimensions 6' x 1/4 ", was used for aIl 

the analyses. Injections 1tlere made using a microliter syringell • 

The following conditions were used throughout: 

Column temperature 

HydroEen flame detector temperature 

Flash heater temperature 

Hydrogen flow rate 

Air flow rate 

Nitrogen flow rate (carrier gas) 

170 C 

300 C 

300 C 

37 ml/min. 

300 ml/min. 

60 ml/min. 

Identification of the fatty acid peaks \~s by comparison of 

retention times \'1ith that of knm·m stanèards. 12 Analysis 

of the standards "las redone on any given èay that samples 

were chromatographeè to check for altered retention times 

resulting from small changes in any of the conditions of 

tem~erature and gas flow. Relative pro~ortions of fatty acids 

within a given sam~le were calculated as follows: 

% fatty acid = area under peak of fatty acid X 100 
area of al! fatty acids 

where the area of the ;eak is pro?orticnal to the height Y. 

distance from the origin, and is calculateè therefrom. 

10. Hewlett-fackard, Pasadena, Galifornia. 
11.H~ilton 00., Whittier, California. 
12.Applieà Science Laboratories, Inc., State College, Fa. 
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Cell Wall Analysis 

Treatment of Cells 

Biotin-deficient and biotin-sufficient cells were grown in 

two-liter flasks containing 400 ml medium. After 46.5 hours 

of incubation, the cells were spun at 12,000 x g for 10 minutes, 

washed twice in distilled water and resuspended in 10 ml 

distilled \'/at~r. Twenty grams of glass beads (0.11-0.12 mm 

in diameter), which had been washed in IN HCl, rinsed in 

distilled w~ter and dried, were added to each of the cell 

suspensions. Disruption of the cells using the Braun Ce Il 

D" "13 b l b l 1s1ntegrator ~~s found to e comp ete y viab e counts, after 

3.5 minutes of breakage. The cell extracts '\"/ere decanted, the 

beads '.'Jashed three times using 5 ml distilled \'later for each 

washing, and the washings ,"rere aèèed to the cell extracts. 

Isolation of Cell 'flall Il..a.terial 

Cell 'Ilalls l'/ere isolé.:.ted on the basis of differential cent-

rifugatiGn accor~ing to the method of Salton (196~). The 

disintegrated cell sus?ension \~S centrifuged for 10 minutes 

at 2, 445 x g to deposit the intact cells anè cell de'ris. 

The supernatant \-/as spun at 7,900 x g for 20 minutes ta 

13.Bronwill Scientific, Inc., Rochester, Ne'" York 
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deposit the crude cell wall material. This pellet "las washed 

once with M NaCl and centrifuged again at 7,900 x g for 15 

minutes. The precipitate was resuspended in l mg/ml of trypsin 

dissolved in 0.005 N NH40H containing 0.05 M NaHC03 as 

directed by Park and Hancock,(1960}. After two hours of 

incubation at 37 C, the mixture "las diluted in 10 ml distilled 

water and centrifuged for 20-30 minutes at 9,250 x g. The 

pellet was washed again in 5 ml distilled water and centrifuged 

under the same conditions. The cell l'Iall material was then 

separated from the debris by resuspending in 5 ml distilled 

\'~ter and spinning at 2,200 x g for 5 minutes. The supernatant 

contained the cell \'Iall material. 

Hydrolysis of Cell vlall l'ia terial 

The cell wall-cont""ining supernatant .... /as divided into t\'IO 

parts. One was hydrolysed at 100 C for 16 hours in 6N HCl, 

the other was hydrolysed for 2 hours in 2N HCl at the same 

temperature. Both ,'rere evaporated to dryness, resuspended 

in distilled \'/ater and reevaporated to get rid of the acid. The 

former \'/as analysed for amino acid-containing materjal, the 

latter for amino sugars. 
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Ninhydrin Reaction 

The amino acids "lere analysed for total ninhydrin-reacting 

material relative to alanine, which was used as the reference 

standard. The method was according to the 'procedure of Rosen 

as described in !Ii'1ethods and References in Biochemistry and 
Tf 

Bio:lhysi.es (1966). The reagents descri bed oelo"l \tlere 1.: sed. 

Cyanide-acetate buffer: 

A: 4.9 mg sodium cyanide was àissolved in 100 ml distilled water. 

B: 27 g sodi.um acetate trihydrate, 5 ml glacial acetic acid in 

75 ml \tlater. 

Buffer: 1 ml reagent A in 50 ml reagent B. 

3% Ninhydrin dissolved in methyl cellosolve and iso?ropyl 

alcohol-water dilt:.ent (50% isopropyl alcohol in 'ilater). 

The analysis "las carried out as follo\'/s. One ml sample was 

heated for 15 minutes at 100 C \'lith 0.5 ml buffer and 0.5 ml 

ninhydrin. Five ml isopropyl alcohol-water diluent .... /as added. 

T'ne :nixture ''las shaken, allo"led to cool to room te:n:::-,erature and 

read at 570 mu in a Spectronic 20 spectro~hotorneter. 

Hexosamine Determination 

The ïrocedure follm':ed \'/c:.S the one described by Dische and 

Borenfreund in 1950. Deamination of tne hexosa:nine 'tlas 
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achieved by allo\'Ting 0.5 ml samples to stc..nd at room tem')erature 

for ten ~inutes in 0.5 ml 33% acetic acid and 0.5 ml sodium 

ni tri te (5%, 'illv). Excess ni trous acid \-las removed by adding 

0.5 ml 12.5 5~ (\'r/v) ammonium sulfamate and shaking at inter

vaJ,.s over a period of thirty minutes. 'fi/O ml 5% HGl and 0.2 

ml 1% (\-i/v) indole in ethanol were adàed to each tube. After 

fi ve minutes cf heating in boiling ... ·later, t\'JO ml ethanol i'/ere 

added to each tube. Optical density readines \'lere t_ken at 

492 mu and 520 mu. Hexosaraine concentration \'las proportional 

to O.De492 - 0.De520. Undeaminated controls were run for 

each samp1e. Glucosamine-HGl served as reference st~ndard. 

DUA Determination 

DNA \-/as àetermined according to the method of Dische (1955) 

as ~reviously èescribed. 

Dry \'ieight 

Dup1icate sacp1es of 0.5 ml of the washed cel1 suspension 

were added to preweighed aluminum pans. The samples were dried 

by overnight incubation at 100 C. The pans were vleighed again 

and the dry weight of the cel1s \'lere ca1culateè by difference. 



RESULTS 

Changes in Macromolecular Levels With Growth 
Biotin-requiring enzymes have been implicated in a 

variety of metabolic pathways. In order to determine whether 

biotin depletion causes a generalized or s~ecific change in 

cellular metabolism, a comparison of shifts in DNA, RNA, and 

protein levels with gro\'ith was made between the two cell types. 

The DNA/ml of the biotin-deficient culture increased at a 

rate 67% that of the normal culture in log. phase (Figurel). 

This reflects a generalized decrease in gro\'~h rate as measured 

in Klett units (Figure 2A). The RNA synthesis is impaired 

to a greater degree, exhibiting an increase of 40% the rate 

of the biotin-sufficient cell during exponential growth (Figure 3). 

The protein maintained a level almost exactly that of the 

normal throughout most of the gro\~h cyl cIe (Figure 4). Only 

at the end of log. growth phase (17.5 hr) does it decrease 

to 67% that of the biotin-supplied celle 

A clearer picture of thê situation is obtained when the 

relative levels are ex~ressed per colony forming unit (Figures 

5 and 6). The normal cells followeè a ?attern similar to the 

one obtained by Stevenson (1962) in that increases in turbidity, 

expressed in Klett units,occurred prior to any cell division 

(Figure2B). In addition during this predivisional lag period, 

fu'lA, DNA, and ?rotein have aLllost reached their maximum level. 
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The DNA, Rl'lA, and protein have increased by factors of 5.5, 

4.7, and 3.5 respectively over the initial value by six hours. 

Differences in timing can be accounted for by differences 

in cultural conditions. He grew the cells in a yeast-soil 

extract medium at 28 C obtaining a generation time of only 

83 minutes. \men the cells were grown in a glucose-salts 

medium at 25 C, as in the present work, the generation time 

was 155 minutes. DNA, RNA, and protein aIl reached their 

maxima by 7 hours, followeè' by a decline. RNA increased first, 

follo\'led shortly by protein and DNA. 

The cells grm-tinr-; in unsupplemented medium ey.hibited 

decreased accumulation of RNA, DNA, and ~rotein. RNA increased 

reaching a maximum level by 12.5 hours. This level \'las only 

7rF/o that reached by the biotin-supplied culture. DNA reached 

its maximum (0.83 ug/l07 C.F.U.) by 10.5 hours, to a level 

comparable to the normal .Jeak (0.92 ug/ 107 C.F.U.). The 

subsequeht decrease in intracellular DNA and RNA! C.F.U • 

reflected the morphological abnormality describeà by Robertson 

and Chan (1970). The colony forming unit in the abnormal cells 

consists of one or more membrane-bound bodies surrounded by 

a matrix of amorphous material. The degree of biotin depletion 

determines the àegree of abnormality. Therefore, although the 
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total RNA and DNA per ml of culture was decreased (Figures 

land 3), the number of membrane-bound bodies per C.F.U. 

increased (Robertson and Chan, 1970) giving an apparent 

increase per C.F.U. in RNA and DNA over the normal celle 

Protein continued to increase for one hour longer than the 

RNA (Figure 6), reaching a final level 35% greater than the 

normal cell proteine 

Because of the possible ambiguity in the term colony

forming unit, since each abnormal cell may contain several 

membrane-bound bodies, DNA concentration was also used as a 

measure of the cell unit. Throughout the growth cycle the 

RNA/DNA ratio was much lower in the abnormal cell (Figure 7). 

Despite the decrease in RNA, there was an increase in protein/DNA 

in the abnormal cell (Figure 8). The protein content was 

maintained at a level about 20% higher than the normal cell 

for most of the growth cycle. By 17.5 hours, this was increased 

to 35%, followed by a sharp decline. 
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Repla cement Experime:I.1"C::" 

In order to determine to \'lhat degree various substances 

are able to replace biotin, it was necessary to assay each 

compound for that concentration giving o,timal growth of the 

organism. Turbidity readings, as measured in ICLett units 

served as indices of growth for the assay ex~eriments. The 

concentrations found to give greatest stimulation are listed 

in Table l. 

Of the fatty acids tested, none were found to give 

significant increases in growth over the control biotin

deficient culture (Table l). Linoleic and linolenic acids gave 

respective increases of 45 and 6%. Oleic acid was found to 

be inhibitory, decreasing the net yield of cells by about 50% 
whereas Tween 80, an alternate source of oleate, caused a 

stimulation of 27%. 

Aspartate more than doubled the grm·rth yield of the 

culture, \'lhereas oxalacetate gave an increase of only 0.265 

generations. Aspartic acid and Thleen 80 gave an additive 

effect. Although there \'las partial replacement \-lith these 

compounds, it \-las only a slif,ht effect when compareè .'lith 

cells grO\m \'rith an adequate supply of biotin. These sho\'led a 

30a~ increase over the abnormal celle 
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Table l. Stimulation of Biotin-deficient Cells 
by Various Compounds 

CompoWld 

Tween 80 

Oleic acid 

Linoleic acid 

Linolenic acid 

Aspartic acid 

Oxalacetic acid 

Aspartate + 

'l\oleen 80 

Optimal 
Concentration 

5 ug/ml 

0.5 ug/ml 

l ug/ml 

0.1 ug/ml 

798 ug/ml 

264 ug/ml 

798 ug/ml 

5 ug/ml 

* Calculated as follm'IS: 

Increase in 
GeneratioDs* 

0.273 

- 0.927 

0.455 

0.059 

1.37 

0.265 

1.60 

% Increase 

27.3 

-46.3 

45.5 

5.9 

137 

26.5 

160 

Log2 K.U. (Test Compound) - Logz K.U. (Biotin-deficient) 
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Fatty acid composition 

The fatty acid composition of Arthrobacter globiformis 616 

has been reported by \'lalker and Fagerson (1965). Their 

analysis was done on cells vrhich had grown on a synthetic 

medium for three days at 27-28 C. For comparative purposes 

then, the 51-hour or stationary phase sample of !. globiformis 425 

would most closely resemble the physiological stage of their 

cells. It is a~parent from Table II that the fatty acid 

composition of the two !. globiformis strains are similar 

with a predominance of branched-chain fatty acids in the 

anteiso series. 

The fatty acid cOr.lposition of !. globiforrnis remained 

relatively constant throughout the growth cycle (Table III). 

Those belonging to the anteiso branched series (a-Cl)' a-C15 , 

a-Ci7) cooprised 68-84% of the total fatty acids. Normal 

and even-numbereà iso fatty acids vIere constant at 7-9% 

and 6-11~~, respectively. 

i'fnen biotin 'was limiting, hm'/ever, there vras found in 

abnormal cells higher concentrations of normal fatty acids 

with a simultaneous decrease in the relative percentage of 

anteiso fatty acids. At 18 hours, the lipid composition of 

the biotin-deficient cell \-laS not too different from the 
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biotin-supplied cell (Table III). There was merely a slight 

reduction in the relative percentage of anteiso fatty acids. 

By the end of log. phase, this difference was very marked 

~/ith 77.2% of the cellular fatty acids being of the normal 

ty~e whereas only 6% were of the characteristic anteiso tYge. 

By late stationary phase, there was a partial return to the 

composition of the nornal cells with only 49.8% normal fatty 

acids and 32.2% anteiso. The even-numbered iso fatty acids 

were affected to a lesser degree by biotin-deficiency. 



-43-

Table II Comparison of Fatty Acid Composition in Two Strains 

of Arthrobacter globiformis 

Fatty acid 

i CIO 

n CIO 

n C12 
a C

13 

i C14 
n C14 

a C15 

i C16 

n C16 

a C17 

Total anteiso(a) 

Total normal (n) 

Total iso (i) 

A. ~lobiformis 425 
- 1 hours 
% fatty acid 

0.3 

0.7 

0.7 

0.3 

1.0 

2.1 

·77.9 

4.9 

3.6 

6.4 

* Data from lJ/alker and Fagerson (1965) 

A. globiformis 616 
- 3 days 
% fatty acid * 

0.8 

0.6 

66.8 

10.6 

3.6 

17.6 
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Table III Relative Percentages o~ Fatty Acid Types in 

Biotin-de~icient (BD) and Biotin-su~~icient (BS) Cells 

Type Early Log (18 hr) Late Log (29.5 hr) Stationary (51 hr) 

BS BD BS BD BS BD 

anteiso % 76 60 68.3 6.0 84.6 32.2 

normal % 9 Il.6 9.3 77.2 7.1 49.8 

iso % 7 15.4 Il.3 0.4 6.2 7.8 
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Cell \'/all Analysis 

The dry weight of material analysed was calculateo as 639 mg 

biotin-sufficient cells and 8.2 mg biotin-èeficient cells. 

Their respective DNA contents were 13.27 and 0.548 mg. Nin

hydrin-reacting material was expressed as micromole equivalents 

of alanine. There was a 4.28-folè increase in ninhydrin

reacting material per mg DNA detecteà in the abnormal cell, 

corresponding to a 13.4-fold increase per mg dry weight of 

cells (TableIV). There was also an increase in hexosamine 

content in the biotin-deficient cell \'1all rnaterial. "vihen 

expressed in microgram equivalents of glucosamine, the in

crease was found to be 5.7 times that of the norm~l cell 

per mg DNA and 19.4 times the normal per mg dry ";leight of 

cells. 
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Table IV. Hexosamine and Ninhydrin-reacting r·Iaterial Contents 

of Biotin-deficient (BD) and Biotin-sufficient(BS) 

Ce Il \'lalls 

Total Ninhydrin-
reacting f.Iaterial 

Ninhydrin/mg DNA 

Ninhydrin/mg dry weight 

Total Hexosamine 

Hexosamine/mg DNA 

Hexosamine/mg dry \'Ieight 

BD 
Cells 

0.75 uIv1 

1.37 ul·1 

0.091 ul,! 

21 ug 

95.8 ug 

6.4; ug 

BS 
Cells 

4.35 uf4 

0.32 uM 

0.006$ ul4 

84 ug 

16.8 ug 

0.33 ug 



DISCUSSION 

Fatty acid substances have adequately substituted for 

biotin in several auxotrophs.(see historical review). The role 

of the vitamin in the formation of malonyl-CoA for fatty acid 

biosynthesis, as established by Wakil, ~ al (1958),provided 

an explanation for such replacing activity. Unsaturated fatty 

acids were found to give only slight replacement in A. globiformis 

(Table 1), possibly because the normal fatty acid composition 

of the organism, as determined by'Walker and Fagerson(1965) 

and confirmed by work presented in this thesis (Table II) 

do es not include unsaturated fatty a cids. 

Aspartic acid, although not found to replace biotin 

completely, was able to double the growth yield of the biotin

deficient organism (Table 1). It is possible that the basis 

for this replacement is the one proposed by Lardy in 1947. 

Pyruvate carboxylase is a biotin-requiring enzyme whose end

proàuct from pyruvate is oxalacetate, which in turn can be 

converted to aspartate via a transamination reaction. That 

oxalacetate can stimulate the cell slightly (Table 1) is also 

explained by its role in this reaction. 

Unlike Strentococcus faecalis (Stokes, ~ al, 1947) 

and Lactobacillus casei (\'iilliams, et al, 1946) whose biotin 
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requirements ~/ere adequately satisfied by aspartate and oleate, 

respectively, !. globiformis was not restored to its normal 

growth by any single compound tested (Table I). Aspartic 

acid and Tween 80 were able to work additively, yet co~plete 

replacement did not occur. This suggested that although 

single compounds reduced the requirement for biotin by by-

.passing single metabolic reactions which involve the vitamin, 

complete replacement could not occur because the vitamin 

deficiency evidently affected several metabolic sites in A. glob

iformis. 

Impaired lipid metabolism which occurs as a result of 

bictin deficiency has been found to cause a shift in fatty 

acid com~osition; the direction of this shift differs in 

different microorg~nisms (see historical review). In!. 
globiformis , the predominant series of fatty acids that occur, 

when ~iotin is supplied, belong to the anteiso tyrye. Lesser 

amounts of iso- and normal fatty acids occur ~s \Olell (Table III). 

This distribution of fatty acids remains relatively constant 

throughout the grO\·,th cycle. A similar abundance of branched

chain fatty acids has been found in Bacillus species (Kaneda, 

1966, 1967). According to ~~neèa (1966), in the biosynthesis 

of branched-chain fatty acids, the appropriate alpha-keto 

acid must f'irst be converted to its acyl-CoA ester via a 
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reaction invol ving the' reduction of NAD. l-lalonyl-CoA units 

are then added to the acyl-CoA to give the corresponàing 

branched-chain fatty acids of the desired length. In the 

case of the anteiso series, L-isoleucine "las ·found to be the 

necessary precursor. Since the relative availability of this 

precursor determines the relative abundance of anteiso fatty 

acids formed (Kaneda, 1966), it is likely thcit under conditions 

of biotin deficiency A. ~lobiformis does not produce sufficient 

L-isoleucine, thereby causing a shift in synthesis tm'lard that 

of normal straight chain fatty acids (Table III). 

Of interest is the possible role of aspartate in this 

biosynthesis. This amino acid \'/hich is an endproduct of a 

biotin-dependent reaction, is also a precursor of L-isoleucine. 

Therefore any reduction in a~partate, will also influence the 

amount of amino acid available for biosynthesis of these 

branched-chain fatty aciès. It is reasonable that the shift 

in abnormal A. globiformis cells would oceur in the direction 

of a nsimpler" biosynthetic pathway, using acetyl-CoA rather 

than an amine acid , such as L-isoleucine, as a precursor. 

Normal fatty acids make use of a cetyl-CoA as their acyl 

precursor; acetyl-CoA is also the precursor of malonyl-CoA, 

necessary for chain elong~tion in fatty acid biosynthesis. 
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As noted previously, this shift tOi-lards synthesis of straight 

chain fatty acids at the expense of the anteiso series, does 

occur. By late stationary phase the cells were able to syn

thesize small amounts of the branched-chain fatty acids 

tynical of the normal cells and a partial reversaI to the 

com~osition of the biotin-sufficient culture was observed. 

vfuen A. globiformis ~res transferred to medium containing 

suboptimal concentrations of biotin, DNA, and RNA synthesis 

decreased to respective levels only 67 and 40% of that achieved 

by the cells grown with sufficient biotin (Figures land 3). 

Evidently biotin plays a role in nucleic acid biosynthesis 

although the actual mechanism of its involvement has not been 

elucidateà. Since aspartic acid, an endproduct of a biotin

dependent reaction, is intimately associated with purine and 

pyrimidine biosynthesis, a reduction in the level of this 

~~ino acid may contribute to this decrease in nucleic acids 

per celle The shift in RNA \'1hen the organism ... /as first trans

ferred follo\'led the pattern analagous to the "shift-do\'m" 

experir.1ents (Kjeldgaard, 1967) in tha t Rtl A was the first 

parameter to be affected. A similar decrease in nucleic aCids, 

res~lting from biotin-èeficiency occ~rs in ~. cerevisiae 

(Ahmad, et al, 1961). Unlike the yeast, hor'lever, whose "')rotein 

level decreased when biotin ",as lacking, A. :rlobiformis 'fIas 
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able to maintain protein/cell at a level similar to the one 

found in the biotin-sufficient cell (Figures 5 and 6). This 

relative increase in proteins, which are possibly structural 

in nature, may be related to the changes that have been sho~m 

to occur in the membrane (Table III). Increases in protein 

content have been associated ivith a 30% reèuction in lipid 

due to biotin-deficiency in il. nidulans (Rao and MOdi, 1968), 

and a complete inhibition of lipid synthesis due to glycerol 

limito.tion in B. subtilis (l'lindich, 1970). In the latter case 

the increase in protein wo.s specifically associated "Jith the 

membrane, indicating that synthesis of the protein and lipid 

portions of the membrane are under independent control. 

Although similar measurements were not done on !. globiformis, 

it is possible that su ch an effect would partially account 

for increases in protein/DNA obté:l.ined in the biotin-deficient 

cell (Figure 8). In addition the cell walls of biotin-deficient 

~. 2;10 biformis ... lere found to contain increased hexosamine and 

ninhydrin-reacting material over the normal cells. This too 

would account for the high protein levels obtained in studies 

on macromolecular biosynthesis. Furthermore, since cell wall 

biosynthesis is membrane de-endent, these chan;;es in cell \0;&11 

m~y be a result of &ltereà membrane com~osition, which would 
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affect the activity of the particulate of membrane-associated 

cell wall synthesizing or polymerizing enzymes. Alternatively, 

defective lipid metabolism may alter the formation of lipid 

intermediates which are essential for cell wall synthesis, 

and thereby contribute to the aberration of the celle Altered 

fatty acid composition in association with defective synthesis 

of glycoprotein and membrane-associated enzymes has also been 

found in a ~utritionally induced filamentous mutant of E. coli B 

(Weinbaum, Fischman, and Okuda, 1970). 
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