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ABSTRACT

Bacto agar reversed the effect of basic antiblotics
while acldic and amphoteric antiblotics were not markedly
affected, The reversal of ectivity was shown to be due to
‘ﬁhﬁ pressnce of a diffuseble, non-dlalyzable sulfated
polyanionic carbohydrate, This substance was shown to
bind cationic dyes and form insolubls complexes with somse
besic antiblotics. Antiblotlc activity was not merkedly
affected by the pore elze of the sgar or by the presence
of diffusable, physiologically active substances in the
agar,

fluch of the antagonism of Bacto agar was removed by
preclpitation of the sgar with ethanol or by extraction of
palymerized agar with emmonium hydroxide. It is possible
that the ammonium hydroxids extraction may be commerically
feasible and will yleld an sgar product suitable for the
evaluation of antiblotlc activity.
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INTRODUCTION

Agar is a complex polyssccharide which 1is readily
extractable from various species of slgse belonging to the
genus Gelidium. It 1s composed of two carbohydrates,
agarose and agaropectin (Areki, 1959). Agarose 1s made
up of a number of alternating units of B-Degalactopyrenoss
and 3,6-anhydro- X=-L~galactopyranogse. Agaropectin forms
a less rigld gel than does agarose, and sppears to contain
the same hexose residues esteriflied with sulfuric scid
and pyruvic ecid.

A common charecteristic of agar 1s its ebility to
form stable gels over & wide renge of temperatures and

concentrations, Thls feature hes made it sultable as &
supporting medium for the growth of microorganisms, immunoe-
logical reactions end electrophoretic studies.

Recent evidence has indicated that agar is not an
inert polymer of galactose but that it contains substances
which interfere with slectrophoretic studles (Brishammar,
et al,, 19613 Mjerten, 1961; Bunderly, 1960), lmmunological
reactions (Arime snd Kurokeawa, 1963), and with verious
micrabielégical assays in which agar is used. For example
agar has been shown to affect the growth of N. gonorrhes,
N. meningitidis (Frantz, 1942; Gould et el., 1944; Ley and
Mueller, 1946; Casman, 1947), Hemophilus vaginslis (Dukes
snd Gardner, 1961) snd pleuropneumonia like organisms
(Yephe, 1959). Fectors have been isolated from sgar which

sltsr the growth of type 2 Dengue virus {Schulze and
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Schleslnger, 1963), EMC virus (Takemoto and Liebhaber, 1961),
mengd encephalomyslitis virus (Colter et al., 1964; Campbell
and Colter, 1965), #Metalllc cations and smino acids (Hayashl
and Nonaka, 1962), thiesmin (Dasy, 1942), biotin (Rabbins,
1939, 1941), niscin and p-mminobenzoie ecld (Ryan, 1950)
have bean detected 1n small quentitlies 1n agar.

Numerous reports indicate that sger may alter the
activities of many antimicroblal agents. Agar has been
shown to interfere with phenols (Sands et al., 1963; Sands
and Bennett, 19643 Gray and Teylor, 1952; Waksman end Woode
ruff, 1942; Cook, 1954), acridine (Barker, 1948, 1549),
crystel viclet (Rose and mMiller, 1939), S-dlezourecll
(Gresnberg, 1960), fatty amines (Hanus and Bennett, 1964),
quaternary emmonium compounds (Sherwood, 1942; Haegnrhaldd;
1945; Quisno et 21., 1946), and oleates and steasrates
(Alexander and Soltys, 1946), The activities of polymyxin
(Sands, 196%; Bechtle and Scherr, 1958), kanamycln, nsomycin
(Sands, 1965), baclitraclin (Bechtle end Scherr, 1958),
nystatin {Hazen and Brown, 19513 Elsenberg, 1956), strepto-
mycin {Sands, 19653 Iyer and Iyer, 1960), dlhydrostrepto-
mycin and furadantin (Truant, 1958) are affected by the
presence of egar in the medlum. Spaulding and Anderson
(1951) noted thet organisms that appear resistant to drugs
when tested by the disc method ere often destroyed by
antiblotics in the patient's tissue., ODifferent commercisl
sgars may also produce varlable results in svaluations of
antiblotics (Sands, 1965; Bechtle end Scherr, 1958;
Greenberg, 1960; Pesrag, 1961; Branch et 2l,, 1960).



This investigation wes underteken with three goals
in mind. The first was to determine what factors in agar
were responsible for the reduction of sntiblotic activity.
The second was to datqrmina the mechanism by which these
factors act., The third was to devise an efflclient and
economical method of purificetion of agar which would

render 1t sultable for the svaluation of antiblotics.



MATERIALS AND METHODS

Orgenism, A culture of Stsphylococcus sureus from
ths University of Housten stock culture collection was

uvsed throughout thls investigation. The organisms were
maintained on nutrlent sgar at 4 C and transferred periodie-
éally. The inoculum for the various experiments was prae-
psred by growing the orgenisms for 24 hr at 37 C on nutrient
ager and washing them from the sgar with sterile lsotonic
saline., A Klett-Summerson photoelect?lc colorimeter with

8 blue Pilter wes used to obtain uniform solutions with a
turbldity of 100 Klett units and a cell demsity of 2.4 x 10°
Cells/ml.

Antiblotics. The compounds uaéd_ln this study were
polymyxin, noemycin, kenamycin sulfate, atroptemycin.sulm
fats, aureomycin HCl, Terramycin HCl, declomyein HCl, vanco-
mycin, novoblocin sodium, and penicillin G sodium. Concen-
trated squecus solutions of the entibliotics were filter
sterilized through an ultrefine Morton fritted glass filter
snd aseptically diluted to the desired concentration in
sterile delonized distilled water,

Jube dilutlion tests. Im the initial experiments to
determine 1f agar had any effect on the asctivity of anti-
biotics, double strength nutrient broth was prepared and
diluted te single strength with 3% Bacto agsr or delonized
distilled water. Final agar concentration wes 1,5%.

fFive ml of esach medium was pipetted into a series of
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screw cap tubes end sutoclaved. Tha tubes were then placed
in a water bath at 45 C. The tubes wers removed indlvidually
from the water bath and 0.1 ml of the sntiblotic solutlon
was sseptically edded to each tubs., The tube was then
shaken on the Vortex Jr. Mixer, One-tenth ml of a8 10 fold
dllution of the standardized cell suspension wes then sdded
and the tubs was agalin sheken, idhen the agar had solldified
the tubes were incubated st 37 C for 48 hi. At the end of
this period the tubes were exsmined under 10X megnification
for growth.

The approximate inhibitory concentration of antibliotic
was first determined by a screening test whers concentrae
tions of 0,01, 0.1, 1.0, 10, 100, and 1000 ppm vere employed.
Once the inhibitory range was determined it wes divided into
10 increments. for axamnlale the inhibitory renge wss
bstween 1 and 10 ppm, the increments were 1l ppm, All data
presented are avarages of four determinations with the
minimum inhibitery concentrations given in parts per million
(ppm) of inhibitor (w/v).

Preparation of extrected agers. Washsd egar cubes
were prepered from Bacte sgar uaing g technique simller to
that reported by Schulze and Schlesinger (1963)., A 3%
equeous solutlon of agar was sutoclaved for 20 min et 121 C.
It was then poured into & shallow pan and allowed to gel.
The gel wes cut into small cubes and placed in an squal

volume of delonlzed dlastilled water, The water was changed



6
evary 24 hr. The wesh watar was stored at 4 { for subse~
quant 1nvesttgailans..

Ethanol precipitated agsr was prepared by the addition
of warm ethanol to melted washed agar. The ethanol wes
slowly added with constant stirring until a2 steble floc-
culation appeared. The precipitate wes flltered using e
Buchner funnel, washed twice with ethanol and incubated
svernight in fresh ethanol, The precipitate was sgain
filtered, washed five times with sthar and air drled.

Granular NH,OH extracted Bacte ager was prepered by
suspending 50 grams of Bacto egar in 500 ml of a 0.1 WN
NH, OH solution, The suspension was incubated at 37 C,
the supernatent was decanted at the end of 8 hr, and fresh
NH,OH solutlon was edded. Tha suspension was incubated
st 37 C overnight. The NH,O0H solution wes decanted end
tho‘grnnular agar was resuspended in 500 m]l of delonizad
distilled water. The water Qas changed at the end of 3 hr
end at 12 hr intervals for 3 days, The granular egar was
removed from the water by Piltering through Uhetman #1
filter paper in a Buchner funnel and dried on a watch
glass at 45 C overnight,

Polymerlzed NH,OM extracted agar was prepared from
2% agar cubes, The cubes were placed in an equal volume
of 0.1 N NH,OH end lncubated st 37 C. The NH,OH solution
was decanted after 3 hr and fresh NH,ON was added. The
NH,OH was changed every 12 hr for 3 days end was then

decanted. The cubes were washed and stored 1in delonized



distilled water.

The ether extraction of agar was cerried out using a
Soxhlet extraction spparstus, Flve grams of sgar uwere
pleced 1n the Soxhlet cup and exiracted with 100 ml of
diethyl ether continuously for 6 hr., The eger was then
alr dried end the residual esther was evaporated in an
oven at 40 C. The residue was welighed and resuspended in
10 m1 of acetone,

Preparation of agar plates, Antiblotic sctivity was
determined by placing Difco antiblotic sensitivity discs
on agar plates prepared with the various egars. The sgar
maedia were prepared by melting 3% sclutions of the agars
with flowing steam, A 2% solution was prepared in the case
of tha‘NHAOH éxtruetnd agar cubes. Concentrated nutrient
broth (10% w/v) end delonized distilled weter were edded to
the melted agars to adjust all the medla to concentratlions
of 1.5% agar and 0.8% nutrient broth. The medis were then
sterilized in the autoclave at 121 C for 20 min. One ml
of the stendardized inoculum was added at 45 C snd thoroughly
mixed. Ten ml of medium were plpetted into esch petrl dish
and ellowed to solidify. The sensitivity discs were placed
on the medlum end allowad to dlffuse for 2 hr et 4 C. The
plates ware then incubated for 24 hr st 37 C and the dismaeter
of the zone of inhibition was messured under 10X magnifice-
tion,

Once it was established that some factor in agar could

drastically reduce the slze of the zone of inhibition of
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basic entibiotics while not markedly effecting ecidic or
amphoteric antibiotics, » series of experiments wers de-
slgned to 1llucidats the nature of the fector, These exe
periments included dye diffusion experiments in Bacto and
purified sgars, sxperiments to datermine the effect of
agar concentration on zone size produced by entiblotics
and dyes, and experiments in which Bacto agar was ovaerlsyed
with & purified agar to determine diffusablility and dlalyze
abllity of the ager antagonist,

Agar plates for the comparlson of the diffusion of
dyes wers prepsred from 1.5% squeous solutions of the
various agars malted under flowing steam in the autoclave.
Ten ml of each agar solutlon were plpetted into petri
dishes and allowed to solidify, Thirteen and seven~tenth
mm sensitivity discs wers placed on the egar medium and
0.05 ml of 8 0,25% solution of the verisus dyes were
plpetted to the center of the disc. The plates were then
incubated at 37 C far 24 hr, Zones of diffusion were
measured as the dlemeler of the zone of detectable color
under 10X magnificetlion. Cationlc dyes employed were
methylens blus snd crystal violet. Anlionic dyes used were
eosin 8 and ezythrosid.

Agar pletes smployed to determine the affect of veri-
stion of agar eancanttatlan and pgfu size on entiblotic
activity and éya difrusian were prepared in the same mannsr
as 1n tha above experiments, however the agsr concentration
was veried from 0.75% to 4%, Nutrlent broth concentration

was the same in all antiblotic plates, In these experiments
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only Bacto agar and sthenol precipltated egar wers employed.
Experimants to determine diffusabllity and dialyza-

bility of the factor reversing entliblotic esctivity were
carried out using ager plates made up of 2 laysrs of 1.5%
sgar, Five sets of plates were prepared., The composition
'ef sach set 1s shawn in Teble 1. Agar plates for methylens
blue diffusion experiments were prepared in the same menner
using 1.5% sgar solutions containing no nutrient broth.

All lesyersd plates were kept at 4 C for 24 hr to allow
diffusion of entagonistic factors. At the end of this time
the antiblotic plates were allowed to reach room temperature,
end 0.1 ml of standardized inoculum was spread over the
surfsce. Antiblotic sensitlivity discs were placed on the
surface of the media, allowed to diffuse for 2 hr st 4 C
and incubated et 37 C for 24 hr., Methylena blue discs
were placed on dye diffusion plates and sllowed to diffuse
for 24 hr at 37 C.

Purification of the sntagonistic factor. Further

information regarding the nature of ths antagonistic factor
in agar was obtalned by additional study of the water ex
tract from Bacto sgar cubes, The extract from the first
and second washings were pooled and further purified. 0One
volume of the weter extract wes treated 3 times with 4
volumes of dlethyl ether in a separatory funnel. The ether
frection was discarded. Two 50 ml samples of the esqueocus
extrect wers placed in dialysis bags and dialyzed st room
temparature with constant stirtlng agalnst 2 liters of

delonlzed distilled water, The dialysates were changed



TABLE 1. Prepavation of layered agar plates

10

Set Bottom Layer Top Layer

1 Bacto agar Bagto agar
Nutrient broth Nutrient broth
Distilled water Distilled water

2» Bacto agar Ethanol ppt. agar
Nutrient broth Nutrient broth
Distillied water Distilled water

3 Ethanol ppt. agar Ethanol ppt. agar
Nutrient broth Nutrient broth
Agueous extract Distilled water

4 Ethanol ppt. sgar Ethanel ppt. egar

Nutzient broth
Distilled water

Nutrlent broth
Distilled water

* A gshaet of sterils dialyslis tubing wes sandwiched
betwsen the layers of Bascto and ethanol ppt. egar
in set 5.



11
at 3, 6, 12, and 24 hr. One of these samples wes then
treated twlce with 20 grems of washed sctivated charcoal,
Two other 50 ml samples of extract were simllarly dlalyzed
sgainst 3 M NaCl end O.1 N NH40H. These 2 samples were
then dielyzed agalinst delonlzed distilled water to remove
the NaCl snd NH,OH. Flve ml of 1 N NH,0H vas added to a
45 ml sample of extract, This sample was sllowsd to sit
for 4 hr at room temperature, nesutralized with 2 & HCl and
then dialyzed sgainst water. Each sample was then incorpo-
rated in ethanol precipitated agar plates to determine if
any of ths activity of the sample had been removed by
treatment.

" Five ml of scetons residue solution from the Soxhilet.
extraction of Bacte agar was incorporsted into 100 ml of
ethanol precipitated egsr medium and autoclaved to remove
the acetone. Agar plates were then prepered to test for
antagonistic ectivity.

Reaction of extrsct in liauld media. The entiblotic
activity of polymyxin, neomycin, streptomycin, novoblocin
and panicillin was determined in nutrient broth prepared
with delonized distilled water and nutrient broth prepared
with pooled water dialyzed extrect. A procedure was eme
ployed similar to that described for determining the minimum

inhibitory concentrations for entibliotics in the tubs
dilution tests, S

Specially designed incubation bottles were used to
determine 1f the extract must come in contact with the

organism in order to reverss entiblotic mctivity. Extract
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from the pooled first and second aqueous extractlons was
cancentrated by evaporation., 0One hundred fifty ml of
extrect were placed in a dlelysis bag and suspended in
front of & heated alr blower, The volume wes reduced to
.unsnthnth the orlginal volume and then dialyzed against
water. The water was changed at 3, 6, and 12 hr., The
concentreted extract was stored at 4 C end dialyzed before
yse.

The 250 ml 4ncubation bottles consisted of 2 reagent
type pyrex bottle and 8 glass stopper with a ground gless
seal. A concentric tube was located in the ground glass
stopper extending downuward into ﬁha bottle. The top of
the tubs could be closed off by a screw cap. The bottle
was assembled with a dlalysis beg securely fastened to the
lover section of the tube. Two hundred ml of nutrient
broth were placed in two of the dielysis bottles and
atariltxoﬁ by autoclaving. After the bottles had cooled,

8 stock solution of entiblotic was edded to the broth so
that twice ths sinleum inhibltory concentration was pre-
sant in the bottle., In one of these bottles, 20 ml of
sterile water was introduced through the screw cap top into
the dialysis bag. In the other bottle 20 ml of sutoclaved
concantrated water extract was introduced into the dlalysis
bag. The bottles were sllowed to equilibrate overnight at

4 C. FEach bottle was inoculated with 0.4 ml of standardized
fnoculum and incubated et 37 £ for 24 hr.,

Spectrophotometric analyses of extrect reactlons.
One-tenth ml of 0.25% methylens blue solution waes intro-
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duced into two 250 ml Erlenmeyer flasks, sach containing
50 ml of water, A dielysis bag containing 10 ml of water
was placed in one flesk and @ dialysis bag containing 10 ml
of uncoencentrated water dialyzed squeous extrect was intro-
duced into the other, Both flasks were placed in a shaking
incubator at 37 C and sllowed to equilibrate for 24 hr,
The eancnniratian of mdthylenn blue remaining outside the
dilelysis bags was compared spectrophotometricslly using a
Boékman DK«2A recording spectrophotometer. A similer
expariment with polymyxin was employed to show the ablility
of the extract to concentrate polymyxin. |

Alteratlon of the spectrum of methylene blus. One-
tenth ml of 0.25% mokh?lana blus solutlon was added to
10 ml of water and to 10 ml of dialyzed extract. The
spectrs were compatred on 8 Beckmsn DK-2A recording spece
troahutametat using a Qatem referencs,

Resction of extrect with antiblotice. One thousand
ppm solutions of polymyxin, neomycin, kanamycin, streptoe
mycin, novoblocin, vancomycin, chlorsmphenlcol, declomycin,
and peniclllin were prepsred in 10 ml of extract to show
any visible reaction of the a#t&blntlc with the sxtract.
These solutions were slloved to react at room tsmperaturs
for 3 hr and then observed for the presence of floccula«
tion ar the preseace of turbldlity.

| Reaction of extract with metallic cations, One-
tenth molar solutions of Baﬂlz, FeCls. ZnClz. Mn512. chlz.
LiCl, KCl, 2nd NaCl were prepared in sxtrect to show any
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visible reactlion betuween multivalent and monovalent catlons
and the extract, These solutions vere treated in the same
menner 2s the entliblotlics,

Chemical properties of ths extract. The sgueous ex-
tract snd ths NH,OH sxtract from the agar cubes were analyzed
tb determine some of the general chemical properties of
thaaé ma£ar1a1s. Dry weights were obtalned for each of
8 consecutive extractions, Five ml of extract were placed
on each of 2 tared watch glasses and dried at 60 C for 24
hr. Weight of the materiel removed by esch extrection wes
then celculated, Several samples of dried residue wure}
pooled and eshed in a tared crucible,

Carbohydrate content of the dried residue was deter-
mined by an snthrone test {Umbreit et el., 1957) and by
the method of Dubols st el. {1958). Sulfate was measursd
by titration of the HCl hydrolyzed (1 N HCl in the suto-
cleve at 121 C fPor 2 hr) residue Bnd of the ashed resldue
by the method of Snell end Snell (1943), Fres end emino
nitrogen were determined by Nesslerlzation and comparison
wlth o NH,Cl standard.

Bna dimensional paper chromatograms were run at room
tempersture on Whatman #1 peper for 8 hr., Butenole-acetic
scid-water (4:1:5) solvent system wae used for one set of
chromatogrems and isopropanol-pyridine-acstic ecid-water
(8:821:t4) was used for the other. 4Salactasu and glucose
standards were run on each chromatogrem with acld hydrolyzed

extrsct, NH,OH treated extract and raw extract. Chromato~
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grems were sprayed with diphenylamine and ansline reagents
(Balley end Bourne, 1960) end with smmonical sllver nitrete
(Henry, 1964) and dried in s New Brunswlick chromatographic
oven et 50 C for S min,.

Statistical considerstions., All results are recorded
es the average of two experiments, with the exception of
éxaatimanta in which zones of inhibition or dye diffusion
sas measured. In these ceses four 2ones were measured.

To establish the wveriation inherent in the experimental
conditions, duplicats experiments sere run on 8 consecutive
days. Zonas of inhibltlion were measured on NH,OH extracted
polymerized agar and Bacto agar for nsomyclin and peniclllin,
Tﬁ§ mean, the sample standard deviation, and the relative
standard devistion were calculated by the method of
Snedecor (1938).



RESULTS

Effect of mger on the minimum inhibitory concentration
of antibliotics. In control tubes conteining no inhibitor
heavy érawth of 3. aureus occurred st the surface of the
égar gnd slightly below the surface. In subeinhibitory
concentrations of 1nh1b1£ar, the organism consistently
produced individual colonies on the surface and slightly
below the surfacse. Growth in liquld medium produced s
generally uniform turbidity with a slight yellow sediment,

when the inhibitory sctivities of ten antibliotics were
compared in nutrient broth and nutrient broth solidified
with Bacto egar, it was noted that the minimum inhibitory
concentrations of some entibiotics were greatly incressed
in the agar medium (Table 2). These dets show that the
basic antiblotics, polymyxin, neomycin, kanamycin and
streptomycin were much more strongly effected by the pre-
sence of agar than were the smphoterlic or acidic entibiotlics.

Extraction of antsgonistic fector. It is possible to
remove much of the sntagonistie effect of sgar by extraction
with water or NH,0M or by precipitation with ethanol (Teble
3, Fig. 1, 2). Ethanol precipitation and extraction of
polymerized sgsr cubes with NH,OH were the most effectilve
methods used. Extraction of granulsr agar with 0.1 N NH,OH
and & water extraction of sgar cubes were not as effective,
but ylelded en agar that was 28 free of antagonistic factors
es Difco Nobel agar. Extraction with hot ethsr did not

greatly reduce the interference,
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TABLE 2, Effect of agar on the inhibitory

activities of antiblotics sgelinst . gureus

Binimum inhibitory concentration

(ppm)*.

Antibiotic aroth Agar
Polymyxin 4,0 220.0
Neamycin g.1 3.0
Kanamycin Sylfate 0.8 3.0
Streptomyein Sulfate 2,25 6.25
Aureomycin HC1 0.15 gi27
Terramycin HC1 0.46 0.68
Declomyeln Hﬁl 0.07 0.13
Vencomygin 0.50 0.70
Novobiocin Sodium 0.90 1.00
Panicillin G Sodium 0.18 0.10

® Average of 4 determinations



TABLE 3. Effectiveness of various extractions of agar

Diameter of zone of inhlbition (mm)

W, OH KH,OH
et FeMtoes Criiet Bisi, lbie [l [afmcie

Polymyxin 18 13 16 17 15 22 22
Keomycin 18 21 21 25 21 32 30
Ksnamycin 25 24 3z 37 34 47 44
Streptomycin 16 17 20 25 21 27 27
Tetracycline 37 38 38 40 38 42 39
Erythromycin 30 30 30 33 31 34 34
Chloramphenicol 25 25 25 26 25 26 26
Novoblocin 30 29 31 32 31 32 32
Peniclillin 45 45 47 49 48 50 48

81



FIG. 1. Effect of extracted agars on the
inhibitory zone of polymyxin.,
Bacto agar Washed agar

ETOH ppt. NHADH extracted
agar agar cubes

19
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FIG., 2. Effect of extracted agars on the
zone size of methylene blue diffusion.
Bacto agar Washed agar

ETOH ppt. NH40H extracted
agar agar cubes
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Effect of Becto agar and ethanol precipitated sgar
on the diffusion of cationic and anlonic dyes. Figure 3

shows 8 comparison of the zone of diffusion of cationic

and anionic dyes in Bscto ager and in the less antagonis-
tic sthanol precipitated sger. Bacto agar drastically
reduced tha diameter of the zons of diffusion of the
cationic dyes, methylena blue and crystal violet. The
zones of diffusion of erythrosin and eosin B were ths same
in Bacto and ethanol precipltated agars.

Varistion in pore size of sqgar., The slze of the
zones of inhibition of entiblotics were compared in media

of diffarent Bacto sgar concentrations in Flg. 4., The
zones of the basic antiblotics, neomycin and polymyxin,
sre greatly reduced in size by increasing the agar cone
centration. The acidic antiblotlcs, novoblocin end peni~
cillin, are only slightly affected by the increased asgear
concentrations,

Yhen simllar experiments were carried out on ethanol
precipltated sgar, none of the antiblotics tested were
greatly affected by veristions in the agar concentrations
(Fig. 5).

Flgure 6 is s comparison of the zones of diffusion of
srythrosin end mathylens blue in gels of different Bacto
agar concentrations, MRethylene blue is strongly affected
by increasing the agar concentration from 0,.75% to 4.5%,
while there is little difference in the size of the zone
for erythrosin., When srythrosin end methylene blue were

compared on ethanol precipitated agar (Flg. 7) nelther
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FIG., 3. Diffusion of dyes in Bacto and ethanol
precipitated agar.
Left: plates prepared with Bacto agar
Right: plates prepared with ethanol ppt. agar

Dyes listed from top to bottom: crystal violet,
methylene blue, erythrosin, eosin B8
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dye was affected by variation in the agar concentration,

The results thus far show that cationic antiblotics
snd cationic dyss ere strongly affected by Bacto agar,
Amphoteric or anionic molecules are not greatly affected.
fluch of this effect may be removed by extraction of poly-
merized agar with NH,O0H or by precipltation with ethenol.
Varistions in the pore slze of the agar, produced by chang=-
ing the Bacto agsr concentration, only slightly affected
the zone size of acldlc antiblotics and anlanic dyes., The
zone sizs of basic sntiblotics and cetionic dyes varied
greatly with changes in Bacto agsr concentration, but
when sethenel precipltated agar was used, little changs

was seen,
Diffusability and dlalyzability of ths antegnolstic

fector, Table 4 shows the effect of layering sthancl
precipitated agar over Bacto agar. It is svident that
after 24 hr tha factor in ager that reverses entiblotic
sctivity snd inhlibits diffusion of baslc dyes diffuses
readily into the ethenol precipitated ager leyer (Flg. 8,
9), It was shown by the interposition of dialysis tubing
between the ager layers that the sger antagonistic factor

was non-dialyzable in nature,
The non-dialyzebllity of the agar sntagonistic factor
was confirmed by experiments carried out in 8 liquid medium,

The water extract of egar, when incorporated into nutrient
broth, reversed the activity of those antiblotics effectaed
by sger (Table $). The sntagonist, therefore, had not
been removed by dislysis of the water sxtract.

Experiments cerrled out in the specislly designed



TABLE 4, Diffusion of the antagonistic factor in layersd plates

Dismeter of zone (mm)

Polymyxin 18 9 17 9 8
Neomycln 31 197 29 19 18
Kanamycin 32 19 | 28 20 18
Novoblocin 32 31 29 31 30
flethylene blue 35 20 31 17 20

8z



FIG. 8. Zones of i1nhibition of polymyxin on

layered agar plates.

Bacto over Bacto ETOH ppt. over ETOH
ppt. + extract

Ethanol ppt. over Ethanol ppt. over Bacto
ethanol ppt. Dialysis tubing between
layers on lower zone

29
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FIG. 9. Zones of diffusion of methylens blue

on layered agar plates,

Bacto over Bacto ETOH ppt. over ETOH
ppt. + extract

Ethanol ppt. over Ethanol ppt. over Bacto
ethanol ppt. Dialysis tubing between
‘ layers on lower zone
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TABLE 8. Activity of extract in nutrient broth

Binimum inhibltery concentration

(ppm)®
B8roth Broth
Antiblotlc gg”@:i:i fi”?ii:ge:

Polymyxin 3.0 250
Neomycin 0.09 J.2
Streptomycin Sulfate 1.8 6.0
Novabioclin Sodium 0.9 1.0
Penicillin C. Sodium 0.1 0.1

* Ayerage of 4 determinations
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incubation bottles demonstrated that the dlalyzed extract
retained its ebility to reverse the sction of polymyxin
and neomycln even when separated from the organism by
dialysis tublng (Flg. 10) thus indicating that the extract
ects directly upon the entiblotic rather thesn upon the
organism,

Purification pf antmgonistic fector. Results of the
expetiments designed to purlfy the factor sre presented
in Table 6., Dislysis against water or Nall, or extractlon
with ether did not remove the antagonistic factor from
the water extract. Treatment wlth charcoal produced a
slight reduction in sctivity. NH,OH irreversibly descti-
vated the extract., Ao ectivity was found in the ether~
soluble meterial present in ager,

Spectrophotometric analysis of extract reactions.
Methylene blus rescted readlly with the non-dialyzable

portion of the aqueous sgar extract, han 8 solution of
methylens blue was sllowed to dlalyze to squilibrium with
an extract sample, the extract produced over & 70 fold
increase in the concentration of the methylene blue in ths
dielysis bag, A similar experiment demonstreted that the
extract ceused 8 10 fold increase in the concentration of
polymyxin eithin the dlalysis beg. No effect wes shown
with anlonic dyes or acidiec entiblotics.

Alterstion of the spectrum of msthylens blue. UWhen
methylene blue was reacted with the extract there was &

substanties]l decrease in the helght of the o~ and @ ebaorp-
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FIG, 10. Inactlivation of polymyxin by non-
dialyzable factor in agueous agar extract,
Left: Dialysis tubing contalns water
Right: Dialysis tubing contalns extract



TABLE 6. Actlivity of extract aftesr purification

Dismetar of zone of inhibition (mm)

- Methylene
Polymyxin Neomyelin Kamamycin Streptomycin Blue
Bacto Agar 9 186 22 15 20
Ethanol ppt. agar
prepared with:
Ether sxtracted
extract g9 18 23 16 21
fater dialyzed
gxtract 10 16 21 15 20
faCl dialyzed
extract g9 15 20 15 21
Charcoal treated
extract i1 17 25 17 24
NH, OH dialyzed
extrect 19 30 47 22 31
NH,OH treated |
extract 19 29 40 21 33
Ether soluble
material 20 32 44 26 35
Water 21 33 48 25 3s

ve
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tion peaks of the compound with s corresponding increese in
the u band. This is shown in fligure 1l.

Reaction of extract with sntiblotics. Figure 12 shows
the visible resction of the squeous extract with some of
the sntiblotics affected by sgar. Thare was visible tur-
bldity produced with kanamycin, streptomycin end neomycin.
The extract csused s stsble flocculation end precipitastion
of polymyxin,

Figure 12 also shows that no visible resction occurred
when navobloclin, vancomyein, chloramphanicol, declomycin
or peniclllin were dissolved in the extract.

Figure 13 shows thet some multivalent metallic cetions
produced turbidity in the extract solutions while the mono-
valent cations did not. These results indicate that multi.
valent cations such as polymyxin, neomycin, barlium, and
ferric lons, cen combine with active factors in the extract
ta produce e stable turbiﬂity; and in some cases, floccula~
tion snd sedimentetlion of the complexes formed.

Chemical properties of the extract. Oata are prasented
in figure 14 for the total dry weight and carbohydrate cone

tent of materlal extracted from Bacto sgar cubes for each
of 8 squeous extractions, Table 7 glves a brsakdown of
the gesneral chemical groups found in this extract and in
the NH,OH extiraction of agar cubes, Both extractions yleldsd
a large smount of a sulfated carbohydrste material with
approximately 3 hexose units per sulfate group.

The scid hydrolyzed extract contained large guantities
of material simliler to galactese in rf value and color
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FIG. 12. Precipitation of antiblotics by agar extract.

Left to right: polymyxin, neomycln,
kanamycin, streptomycin, extract,
water,

Left to right: novoblocin, vancomycin,
chloramphenicol, penicillin, declo-
mycin.
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FIG. 13. Precipitation of metallic catlions by agar extract.

Left to right: LiCl, KC1l, NaCl,
extract.

Left to right: BaCl,, FeCl,, ZnClé,
MnCIZ, MQCIZ, extract.

8¢
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FIG. l4. Ory weight of materlal removed by each of eight successive water
extractions.
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TABLE 7, Chemlcal Properties of material extracted

from polymerized agar

40

grams/100 grems agsr

dater NH, OH
Ext, Ex!.
Total amount of water
extractable material 6.35 7.97
Cerbohydrate
Anthrons 5.29 6.37
Dubols et al, method 5.12 6.30
Nitrogen
Total 0.31 -
Amino 0.08 -
Sulfats
Hydralyzed extiract : 0.89 1.01
Ashed extract 0.92 1.12

Ash other than sulfate 0.15 0.17
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reactlion. The NH, OH trested extract and the untreated
extract contained small quantities of this component, A
component wes detected In the butenole.acetlc aclid-water
chromatogram of the scid hydrolyzed extract which was
similar to gluconic scid lactens in rf valus snd color
reaction. This component wes not detected in other chro-
matogrems, The untreated extract and the xﬂaﬂa treated
extract contelned a great deal of cerbohydrete material
vith an »f value of less then 0,01, This probably corres-
pands to the undigested polysaccharida,

Statisticanl considerations, Results of 8 experiments
with two antiblotics, performed on consecutive days, ere
presented in Teble 8., The differsnces sbserved between
Bacto sger and &HAGH extracted agar ere qreatar than that
which would bs expected from sxperimental error,
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TABLE B8, variation in zone size in eight

consecutive experimants

Dlemeter of zone of inhibition (mm)

Neomycin Penlcillin
NH,OH NH, O
Experiment Bacto Extrgcted Bacto ﬁxtrﬁctod
Number Agar Cubes Agar Cubes
i 10 30 48 45
2 11 26 48 48
3 11 26 46 46
4 10 33 48 42
5 9 31 48 A7
6 10 30 49 48
7 9 30 80 45
8 11 29 A7 47
fMean 10.1 29.4 48 46
Sample
Standard 0.84 2.4) 1.19 2.00
Deviation
Reletive
Standard 8.3% 8.2% 2,5% 4,3%

Deviation



~ DISCUSSION

Agar 1s ides]l for usa in microblelogical investiga-
tions becauss of its low cost eand ease of preparation.
Slnca few orgenisms are capable of digesting 1it, it is
more sultable for use than starch or gelatin gnls._ Its
intarfuraneo with sctivities of antismicroblal agents; houwe
sver, makes results somewhat questlonable when investige-
tions ars carried out using agar in the test medium,

There sre three ways in which agar mtght.lnt-rrorc
with the testing of antimicrobisl agents. Fleming (1943),
Hoogerhalide (1945), end Bechtls and Scherr (1958) felt
thit antagonism might result from limitation of free dif.
fusion snd convection of the entimicroblial agents, It i
alsy possible that some of the physiologically active sub-
stances reported in agar may render the organisms less
ainsltlva to antiblotics. Many sntiblotics are inactivated

by the presence of metallic catlions (Donovick, st sl., 1948;
Zol11l et sl,, 1961; Usinberg, 1950; Price, 1957; Newton,

1953), It is also possible that antiblotics are bound to
substances in the sgar gel which reduce thelr activity,
Quisno et sl. (1948) found that granular ager could edsorb
large quantities of a guaternary ammonium compound.

The results presented hare indlcste that~tha'nntage~
nist is not a small dyalyzable particle such as'thlamln.
biotin, or metellic cations. The results also sho; that

the pore size of the agar ge)l has little to do uiih entle«

H
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blotic esctivity. Agsr's reversal of antiblotics 1s related
to the presence of 8 sulfated polysaccharide which is pre-
saent in the egar gel snd which wmay adsorb besic entibiotics.

Since purification of agers has been shoun to reduce
their interference for some antiﬁicrabial agents (Greenberg,
1960; Sands and Bennatt, 1964; Sands, 1965) ettempts were
made to purlfy Bacto agar to remove the deleterious fectors,
Teble 3 shows the results of these various extractions,
Ethanol precipitation and extraction of polymerized egar
with NH,OH removed the largast smount of antsgonistic
matarial., Extraction @ith water substantially improved
the quality of ths egar.

In 2n sffort to determine if positively charged mole-
cules were affectad by eger in the sams manner in which
basic antibliotics ware affected, cationlc and anlonic dyeas
wore diffused in Bacto agar plates and ethanol precipitated
agar pletes, Fligure J shows that the positively chesrged
mothylene blue end crystal violet do not diffuse freely
in Bactﬁ agar. The increased diffusion of catlonic dyes
in ethanol precipitated sger cannot result from an incresss
in pore size of the agar due to precipitation of the sgar
because srythrosin and eosin B8 diffuse to the same extent
in hoth agars.

Figure 4 shows that the zone produced by entiblotics
does not vary greatly ss & result of variations in the
concentration of the ager., The zones produced by bassic

sntiblotics are drasticelly reduced by incressing eger



45
concentrations, Hhen simllar experiments were performed
in ethanol precipitated agar, none of the entiblotics were
greatly affected by vaeriastions in agar concentrations,
This indicates thet variations in pore size of the agar
do not markedly affect the size of the zone of inhibition
of antibiotics tested. It eppesrs then, that limitstion
of diffusion has little to do with entagonism of antiblotics.
The increased ihterfersnce shown in Bacto agar with in-
cressed concentretion probably results from incteased
concentration of antagonistic substances, Figures 6 and 7
show the results of similar experiments performed with
methylens blue and erythrosin, It is obvious that the
same hypothesis holds trus hers. The largs veristions of
zone size of mathylene blunlin only Bacto sgar probably
result from the variastions in the concantration of factors
in Bacto agar which bind this positively charged dye. 1

Yable 4 snd Plgures 8 and § show the effect of layer-
ing ethanol precipitated agar over Bacto ager. This exe
periment was designed to determine 1f the antagonistic
factors present in Bacto egar ere free to diffuse into the
upper leysr of sthanal precipltated agar, end 4if interpo-
sition of dlalysis tubing between thess layers would step
the movement of this fector to the ethanol precipitated
layer. The results show the fector to be diffusables end
nonedlalyzable, If the fsctor which reverses the activity
of antibiotics were a small particle such as a grouwth

factor or metalllec ion, one would expect the factor to be
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both diffusable and dislyzebls. This experiment shows that
this is not the case, The experiment also shows that the
sgusous extract ohtalned by washing sgar contains a dif«
fusable antagonistic factor.

. The squeous extract of agar, when incorporated into
nutrient broth, reversed the activity of the same antiblotics
antagonized by agar (Teble 5). Novobiocln and peniciliin
ware not antsgonized.

The dialyzed extrect reduced the activity of neomycin
and polymyxin even when separeted from the organism by e
dialysis tubing., This again shows the fsctor to be none
dialyzable since the dialyzed extract retainsed its activity,
and 4t shows the factor must react with the entiblotic end
not the orgenism in order to reverse ths activity of anti.
biotics, Thise indicates that growth factors and metellic
cetions sre not the substances in agar that reverse antie
biotic activity. Ryan (1950) showed that Bacto agar cone
tained negligible emounts of vitamin impurities. It is
unlikely that the small amount of vitaming and impurities in
Bacto sger could influence the activity of antiblotics when
s complex substance such ss nutrient broth 1s used o9 a
grouth medium,

Results of experimants designed to purify the extract
ers presented in Table 6, This sgain shows the factor to
bs present in large guantities in the water sxtract., Thess
rasultaAaaaia indicate the factor 1s non-dlalyzeble against

water or & high concentratlion of NaCl. The extract was
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‘shown to be deactivated by NH,CH. This may have been due
ta hydrolysis of the active factor in the extract or to e
combination of the extract with the NH,* resulting in a
compiex which was nonresctive wiilh basic antiblotics,

No entagonistlc sctivity wes pressnt in the sther
extracted material. This may be corrslated with the results
in Table 3 which show no reduction in antagonistic ectivity
of the ether entfacted Bacto ager. The reductlon in dif-
fusion of methylene blue in all cases peralleled the re-
versal of antiblotic activity,

then methylens blue was dialyzed to egqullibrium with
the extrsct, the extract produced over & 70 fold increase
in the concentratlion of the dye withln the bag, The extract
weg slso shown to concentrate polymyxin, Since there is not
8 1¢l reletionship between methylens blue snd reective sites
on aulfeted polysaccherides (Ualton and Ricketts, 19%54),
it wves not possible to determine how meny such sites were
avellable in the water extract to react with methylens blue
molecules,

Ager and other sulfated polyssccharides such es heparin
and chondroitin sulfate are capsble of causing a shift in
the visible spectrum of methylens blue (Kelly, 195%5; Welton
gng Ricketts, 19545 Lavine and Shubert, 19533 Michsslis snd
Grenick, 1945), There i{s @ direct relstionship betwsen
matachromatic sctivity and sulfats content (Yalton and
Ricketts, 1%54), Flgure 11 shows the shift in the spectrum
of methylsne blue induced by reaction with the extract.
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This spectral shift is almost identical to those observed
for other polyanions whan reacted with basic metachromatic
dyes such ss crystsl violet and methylene blue (Shubert snd
Levine, 1955; wWalton and Ricketts, 1854; Levine snd Shubert,
19533 michselis and Cranick, 1945), These rasults indicate
high concentrations of polysnionic materiel in the diaslyzed
extract,

If large quantities of polyanionic materlel such es
@ sulfated polysaccharlds were present in the extract, one
would expect formation of complexss with polycstionic sube
stances such as polymyxin and neomycin., Figure 12 shous
thet the basic antiblotics do form 8 complex with the ex-
tract. Polymyxin sctually reacts to such en extent that
the complex flocculetes and settles sut eof suyspension.

Acldic and amphoteric antliblotlice produced no vislble
chenge in the extract. Polyvalent metsllic cetlons were
also cepable of producing turbldity in the extract, while
monovalent cations produced no visible changs,

The results of the reections with methylene blus,
cationle antiblotics end polyvelent metallic cations in-
dicates the presence of a polyanioniec molecule in the
extract., Other investigators (Tekemorl and Nomura, 1960;
Taksmoto and Liebhaber, 1961; Agol and Chumskova, 1962;
Smhylzn and Schlesinger, 19633 Colter et al,, 1964) have
isolated a water soluble sulfated polysaccharide with a
moleculer welght of spproximately 50,000 (Campball end
Colter, 1965)., The datas presented in Table 7 indicate the
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presence of a sulfated polyssccharide with approximately
three haxcse units per sulfate., Thils representa the factor
in agar responsible for the reversal of esntibliotic activity,

These experiments hsve shoun Bacto agar to interfers
with ths sctivity of basle antiblotics. The action of
agar on antiblotics 1shalasc1y paralleled by its action on
cationic dyes. Spectral shifts induced in methylens blue
and complex formetions with basic sntibiotics and multie.
valent metallic cations indlcate the substances responsible
are polyanlonic molecules, This is borne out by s chemical
determination., Limitation of diffusion end reversal by
dialysable growth Pactors and metallic lons have besn

eliminated 23 possible causes of antiblaotic reversal,



SUMMARY

Bacto agar reversed the effect of baslc sntiblotice
whlle acidic and smphoteric antiblotics wera not markedly
sffected. The reversal of activity was shown to be due to
the presence of a diffusable, non-dialyzable sulfated
bnlyanlcnic carbohydrate., This substance was shoun to
bind catlonic dyes end form insoluble complexsa with some
basic antiblotics., Antibiotic sctivity wes not markedly
affected by the pore size of the agar or by the presence
of diffuseble, physiologlcally active substances in the
ggar,

" much of the antsgonism of Bacto sgar wes removed by
precipitation of the agar with ethanol or by extraction
of polymerized agar with emmonium hydroxide. It is possible
that the smmonium hydroxide extraction mey bes commercially
feasible end will yleld an agar product sultable for the
evaluation of antiblotic setivity.
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