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. . ABSTRACT
i

szobacter 495 produees two bacterlolytlc Pr°tea5\, _

The productlon of another antibacterial agent became ev1dent |
during a study of its interactions with a bacterium whlch
could readily overgrow early shakeféultures of M. 495 but
was strongly inhibited, without lysis, by celleree‘Broth
from pést—log culéures of M. 495, The inhibitor has been

named Myxosidin. The contamlnant was isolated and 1dent1f1ed

‘as Sphaerotilus natans.

/ .
In the first phase of this investigation it was

determined that conditions for the production of Myxosidin
in shake-culture are similar to those for production of the
lytic proteases. A study of the growth of M. 495 in small
.fermentor cul tures (8 lltres) showed that the aeration
conditions and the timing for harvesting are critical for
good yields of .the inhiﬁitor. The growth stud& culminated
in a successful large scale fermentation of a 50 Jitre culture.
About 36 litres of broth was harvested at 72 hours. It was
assa&ed at 1300/1716 dilution units/ml of antimicroﬁial

acthlty (towards Sphaer. natans) whlch represented approx1-

mately 5 grams of Myx031d1n or 140 mg/litre of culture broth.
The condltlons for large scale productlon of Myxosidin are
compatible w1th productlon of proteases in high yield as .
indicated by the high.yield of x-lytic protease (394 mg/1itre)
in the same broth.

: - - -



ii
\Myxosidin in fermentor'brofhs is a component of a _
lérge compiex which is soluble in 70% acetone. Th‘ first
steps of an.isolat;on procedure developed by Dr. DLR.
' Whi taker exploit this property. - The Ebmpiex is congcentrated

by ultrafiltration and-polysacbharides ére_removed-b acetone

‘precipitation. The resulting preparation is then diéso i
with guanidine hydrochloride and is extracted Qith chloroform.
The remaining components are partitioned between 3 li&hid
phases formed by additions of ethanol, chloroform, and
ammonium sulfate. The upper phase contaihs My;osidiﬁ. _fhe
final step is ion-exchange chromatography in 7 M urea or
“displacement chromatographyuwith organic solvents.

. In the second phaée of this inveétigation Myxosidin
was charactefizéd by a variety of chemical and spectroscoﬁic
methods. An acid H?Efolysate of the‘purified inhibitor
produced a mixture of eleven amino'hcids. An
- acidic amino acid, "X-la", was identified as threo-hydroxy- |
aspartic acid by chromatogréphic and electrophoretic com-
pafisons with synthetic&stanéérdg. A minor component of
acid ‘hydrolysates, "X-1b", increased in cbncentration with -
increasing dﬁpations of hydrolysis and was i&entified as
erxthro-ﬁydrbxyaspartic acid. The increase in e-Hya concen-
tration was accompanied by a corresponding decrease in t-Hya

. concentration.

A - residue labelled "X-2" was found to be an aromatic

[Ty

-

amino acid with a hydroxyl apd a phenyl group. A minor
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component of hydrolysates, identified as g-phenylserine,

. appeared to arise from X-2 during acid hydrolysis,

The following;amino acids were present 'in hydroly-
sates of Myxosidin: Hya, Thr, Ser, Gly, X-2, Arg, Ile, val,
and Leu (molar ratio 3:3:3:3:3:312:119! respectively).

This ratio is consistent with a single peptide of 30
residues or with a mixture of two kinds of decapeptides.
occuring in a 2:1 ratio iﬁ purified Myxosidin. Column
chromatograpﬂy on Sephadex G 50 indicated a molecular )
weight in the range of a decapeptide, 1.07 i‘0.24 X 107
daltons. The Edman degradation reduced the Leu:Val

ratio from 9:1 to 6:1 after one cyéle. and to 3:1 after

two cycles; the Edman reaction was blocked thereafter.
Myxosigin was found to be resistant to enzyme digestion,

* and therefore a vériety of chemical treatments were used

" to generate peptides for sequencing. The peptides obtained
" Showed that Myxosidin was a mixture of two homologous deca-
peptides differing only in the nature of the residue at_
position four in their sequence, Ile in Myxosidin A

and Val_in Myxosidin'B.r The position of X-2 and Arg v
in the sequence was established by mass spectgoscopy
of,permethylatedN-f}iflu0foaceﬁyl Myxosidin. Evidence ,

from the above 1lines of investigation, supplementeﬁ

by evidence from IR spectroscopy and oxidatioq



-

iv
with chromic acid, is consistent with the following structure

for Myxosidin B:

\ / 0 _|
H -Leu-Leu- X-2 -Ile-Thr-Gly-Hya-Ser-Leu-Arg

with the arrow denoting a lactone br;dge. between the C-terminal
arginine carboxyl and the hydroxyl of the .X-2
resiﬁue in positioﬂ?three. | d

%he following stereo-assignments were made: qu.
Thr, Ser, Ile, Val are of the L-configuration, and L—Leu—and
D-Leu are present in a ratio of 2:1. The findings for X-2
and Arg are inconclusive.

The‘spectrum of activity of Myxosidin is similar
to that of tetiracycline--a broad spectrum antibiotic, ihéctive‘
towards fungi and some yeasts, with minimal inhibitory con-
centrations in the range of O. jdfg/ml to ZIfg/ml for a /
varlety of bacteria. . . )

The proposed strﬁcturé of Myxosidin pléées it in
the group of antibiotics known as the peptolides. Myxosidin
is only the secodnd antibiotic to be isolated from a myxo-
bacterium, the other being the phenazine Myxin. Myxosidin is
the first example of. a peptqlidaﬁwhich is not produced by
a streptomycete, and provides further evidence of a possible

evolutionary link between the myxobacteria and the strepto-

mycetes. p
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CHAPTER I
INTRODUCTI ON

aA. bISCOVERY OF AN _INHIBITORY AGENT IN MYXOBACTER 495
FILTRATES .

In 1964, Gillespie and Cook(l) reported the isolation
from Ottawa soil of various myxobacteria which gave culture /r
filtrates with lytic activity towards several speciés'of. 

Staphylococcus, Sarcina and Arthrobacter. The isolate with

the highest lytic activity was designated Myxobacter 495. They

considered it to be a species of Sorangium, a non-fruiting
myxobacterium. The names Sorangium Sp., as well as

Myxobacter 495, are to be found in subsequent literature on

the lytic enzymes of tqs organism. Christensen(z) has proposed
a reorganization of the non<fruiting myxobacteria. According

to her classification Myxobacter 495 would be assigned to

a new genus, Lysobacter, and would be named Lyscbacter

enzymogenes. However, this proposal has not yet been

incorporated in the most recent edition of Bergey's Manual
of Determinative Microbiology.(3) The original designation,

Myxobacter 495, -will be used throughout this thesis.

Whitaker, Cook and Gillespietn) determined conditions
for the preparation of active culture filtrate from cultures
of Myxobacter 495 grown in a fermentor. The lytic activity
reported by Gillespie and Cook was shown by Whitaker to be
cauged by two extracellular proteaSes.(5) One of these,which

was given the trivial name < -lytic pfotease. proved to be a°




" been sequenced to date.

serine protease. The amino acid sequence of this enzyme
/\ . .'
showed that it belonged to the same group of serine

A 6) “The other lytic

proteases as’ the pancreatic enzymes
énzyme, given the trlvfﬁ%lname SB-lytic protease, proved to be
a\zinc-contalnlng metallo-protease. Its amino acid sequence
shows no homologies with any other metalloprotease which has
(7) ‘

The antibiotic discussed in this thesls was detected

during an investigation of conditions for the production of

the lytic enzymes of Myxobacter 495. A shake-culture was

contaminated by an organism with an extremely high growth }

rate. It became apparent, from later observations, that the

gpowth of the contaminant organism was strongly inhibited by
an agent present in post-log phase cultures of M. 49s.

The contaminant was isolated and identified later by
Dr. K.C. Ivarson (Chemistry and Biology Research. Institute;

Canada Department of Agriculture, Ottawa) as Sphaerotilus

natans. This organism plugs activated sludges in sewage
treatment plants.( 8) Recently, it has been found clogging
field-drains in Southern Ontario farms.( 9) It was used
throughout this study as a test-organism for assays of the
inhibitor by serial dilution or paper disc assay procedures.

The inhibition of Sphaerotilus natans was unaffected
. i

‘ -
by & variety of pretreatments of the culture filtrate of .

li. 495: for example, treatment of the filtrate with



. : : 3

diisopropylflucropho$phonate (DFP) to inactivate serine
proteases; treatment ;ith the chelating agent 8-hydroxy-
quinoline; or treatment #ith p-chloromercuribenzoate. It
was unaffected by the addition of catalase to the assay
medium, or by increases in the ferric iron co;tent of the
assay medium. Inhib%tion was ﬂot dependent on the prosehce
of either sucrose or_glutamate in the assay medium.

The inﬁibitory agent was not extracdted By ether from
acidified culiure filtrates and therefore was not myxih, a
phenazine antibiotic which, as discussed in the following
review of antibacterial agenis from myxobacteria, is produced
by a cloie relative of M. 495. However, the inhibition wvas
.eliminated‘by pretreatment of- the culture filtrate with alkali.
Inhibition was reduced by pretreatment with pepsin atpH 2.5.
These observations suggested that the inhibitory agent might

be a peptide antibiotic and menié;d further investigatio

B. LITERATURE RIVIEY OF ANTINICROBIAL AGENTS O NMYXOBACTERIA 0

The earliest reports of antibiotic -activity in
myxobacteria are those of Oxford and Singh(lo) and Oxford.(ll)
Investigations of nutritional requirements of myxobacteria
on solid supports led these authors to postulate that Il.
_vireScens produced "a true non-enzymic antibiotié substance
capable of killing viable eubacteria and so renderlng them
susceptlble to lySlu by the exocellular enzymes previously

(x2)

, elaborated by the growing myxococciu" lhen the producer
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organism was cultured in submerged culture using a defined
medium of casein hydrolyzate as carbon and nitrogen source,
antibiotic activity of filtrates was observed against Sﬁaph.

aureus during an initial ten days of incubation. The activity

-

' - of filtrates disappeared if incubation was continued, although

lytic activity against gelatin remained strong. !

Oxford's(ll) more complete report on the antibiotic

activity éf ILl.viriscens contained additionai de@ails on theé
antimicrobial substance (s):. the better the growth, of producer
organism, the better production.of antibiotic; solid products'
which were soluble in ethyl or butyl alcohol showed substantial
activity:)

the antibiotic was more stable than the 'gelatinase’
of filtrates at 60°C. Isoiation was accomplished by evaporating
culture filtrate to small volumehlg vacuo, then drying over
H;50;,, ‘and extracting this solid residue with 100 parts of .

absolute ethanol at 55°C to 60°C for .one hour. The extract

was evaporated to dryness. From filtrates with an initial

activity against Sfaph. aureus of 40 dilution units, 13 mg of

a ninhydrin-positive, colourless solid was obtained which was
A

active at a dilution of 1 part in 12,500 parts of 3. aureus

nutrient medium. Later authorélB'lu ) proved unable to
confirm these findings and ﬁo further report on the sitructure
of the substance isolated by Oxford appeared.

(16)

Solnetzewa(IS) and Singh demons trated that one of

the lytic factors of myxocbacteria was able to diffuse through
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a cellophan membrane, and was stable at 100°C for 15 minutes.

. (A7)

In his.review of the myxobacteria Dworkin suggests that

the f;ctor described by these authors is likely to be a basic
peptide antibiotic similar to bacitracin or gramicidin: "A
peptide antibiotic would be heat-stable, dialyzable, and
precipitable with organic solvents." Thus although the
antibiotics demonstrated by Solnetzewa.(IE) ”'ngmslé)

and Oxfdrd(ll) all appeared to be peptide antibiotics the
first two antibiotics isolated from myxobacteria proved

to be phenazines. The isolation of myxosidin from k. 495

is thé first confirmation of these early repofts on antibiotic
substances in myxobacteriél filtrétes.

Norén and Raper(lB) disputed the claim of Oxford's
group that myxobacteria grew only on previously killed host
cells. In theié stﬁdy §ix myxobacteria were examined for
antibiotic_activity against eleven eubacter ales test
organisﬁs. All myxobacteria tested were found to have some

antibacterial activity, and in each case, only against gram

positive eubacteralés.  Antibiotic activity was determined by

streak tests on petri dishes. Inhibition zones varied greatly

among the eubacteria tested. Filtrates of myxobacteria grovn

in submerged culture were assayed by serial dilution and the

results of the streak tests were confirmed. The authors noted
that antibiotic activity increased during the first few days

of culture and then decreased rapidly after reaching its



maximum inhibitory #rfect. Inhibition of one myxobacterial
species by another wasAnSted. This may have been due to
bacterioccin production rather thén antibiotic substances.
The conclusion was reached that "if a bacterium is
susceptible to an'antibacterial substance produced by a
myxobacterium, this fact alone does not mean that it is
~highly suscéptible to thébacteri?lytic agents of the same
myxobacterium or vice versa."(l9) é.‘aerogenes for example.:
was insensitive to antibiotics produced By the myxobacteria
but it was rapidly lysed by all myxobacteria tested. Although
an antibiotic was not apparently required to kill potential
host cells the authors suggested that it might serve the
function of inhibiting the growth of gram-positive cells and
thereby promote the growth of gram-negative cells, a more
desirable substraté type, in the vicinity of myxobacterial
swarms. Subsequent reports on myxobacterial lytic activity
ha&e, thever, éhown that they deﬁonstrate little or no
preference for gram-negative eubaé%erials as substrates for

lysis. _
0
Margolith@ ) reported no appreciable difference

between the lysis of gram-positive and gram-negative bacteria
using M. fulvus. He found that living cells were utilized
more slowly than killed cells and although he could isolate
no diffusible antibiotic substance ‘he concluded that "lysis

of living cells seems, therefore, to be the result of the

common effort of two principleS:’a 'killer' and a proteolytic

enzyme . ¢21)



In contrast to fhe above reporis, all orf which
came to the conclusion that myxobacteria produced some
antibacterial substance(s), Kletter and Henisczz) greﬁ
M. fulvus and k. viriscens in submerged culture and found no
antibiotic activity in supernatants of any bacterial
suspension at any period in the growth cycle when tested

against Staphylococcus aureus or Aerobacter aerogenes.They

did find that heat-killed gram-positive cells were not as
susceptible to the lytic enzymes of nyxobacteria as gram-
negative cells and that there was no apparent difference in
the utilization of living gram—positiyp or gram-negative
bacterial substrates.

Peterson, Gillespie and Cook(23 ) isoléted‘ and
characterized the first antibiotic substance from a myxo-
bacter. The producer organisﬁ' was an uncla®sified soil
bacterium named Sorangium'gp.(strain 3 ¢). The antibiotic
eventually charaqtefized was named Myxin, a phenazine with
the chemical name: 1l-hydroxy-6-methoxyphenazine-5, 10-dioxide.

-This antibiotic has been Studiéd éxtensively'by Lesley ang
Bekhi(zu'ZS) The producer organism was starte& cn shake
flasks in yeast-soil liquid medium and grown for large scale
batch productions in a fermenter with culture volumes of 10
litres. The medium was aerated at 1 liter per min. (1/10 vvm)
stirred at 300 rpm and maintained at.25°C. Maximum antibiotic

activity occured at 20 to 24 hours. It was assayed aéainst
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Staph. aureus (Pa80) by dilution series in a tryptone-yeast

wd:rr:mc’c dextrose broth. Paper disc assays were used fo
determlne the spectrum of'activity against bacteria, fungi,
actinomycetes and yeasts.

The antibiotic could be_isolated from culture
filtrates by ether extraction at pH 1.0 (HC1l) or by adsorptlon
on to Amberllte C/G-50 d columns*"The purlfled antibiotic
was a deep cherry red colour. Its minimal inhibiting

concentration against Jtaph. aureus was l.SQFg/ml. Viable

cell counts showed that.it was d}cteriocida;‘towards Staph.
aurcus, It was active dgainst many fungi, actinomycetes and
yeaéts. Although it has not yet found a clinical use, Myxin
is being studied for its potential as a bioclogical probe. It

causes a’rapid‘degradation of DNA in E. coll(24 25)

and
selectively affects chloroplasts of plant leaves.(zs)
Rosenberg, Vaks and Zuckerberg(z?) isolated an

antibiotic from Myxococcus xanthus (strain T5). The producer

organism was grown in shake flasks on casitone medium " with
peak‘production of antibiotic reached after 3 to 4 days. Cells
were centfifuged out and the antibiotic was extracted from
‘supernatant with 0.8 vol. chloroférm. Subsequent purification
to apparent homogeneity~was done by adsorption on to silicic
agid, elution with 5% methanol in chloroform and preparative
TLC with various organic solvent systems. Biological activity

was assayed against E. coli B using both serial dilution and
1

-



paper disc technigues. Thé’gntibécterial spectrum of the
antibiotic was determined by paper disc assays. It was found
to be bacteriocidal, and capable of kiliing only actively.
growing cells. Preliminary experiments oﬁ the mechanism of
action indicated that the antibiotic has no apparent direct
effect on DNA or RNA biosynthesis. The authors concluded that
the antibiotic was active against cell wall blosynthesis because
of its ability to induce sphaeroplast formation under certain
conditions towards several gram-positive and gramZhegative |
bacteri% tested, includ;;g some penicillin resistant strains
of E. coli. The purified antibiotic was a white solid with a
molecular ion at 650 and peaks indicating an aromatic compound
by mass spectroscopy, and U-V spectroscopy. It was readily
distinguishable from myxiﬁ on the bagis}of its chromatogfaphié
behaviour in different solvents and sﬁpports.(za) It is likely
that this compound is a phenazine antibiotic, but to date no
subsequent report on its structure has appeared.

* In addition to lytic enzymes and antibiotics, two
other categories of éntimi¢robial agents have been isolated
frgm myxobacterial filirates. The first of these are compounds
of the class known as 'Bacteriocins'. They are, in general,
.“bacteriophage—like particles prodgced by Dbacteria which
inhibit a narrow range of bacterial strains of the same species
as the producer organisms. Unlike true phage these particles

are not self-reproducing or infectious.
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keCurdy and MacRae(Zg) deijnstrated the presence of

a2 bacteriocin produced by iiyxococc xanthus strain b. The

antimicrobial agent isolated by these authors was active against

Cystobacter fuscus I 205 Cystobacter fuscus It 430, lieli ttangium

llchenlcolum and slightly active agalnst liyxococcus fulvus.

at was named Xanthicin. Its microscopic appearance and bio-

chemical properties distinguished it from the ‘bacteriocins

ﬁhich are phage-like particles and from O-somatic antigens
produced as bacteriocine by seme gram-negative bacteria. It ‘
may be of the staphylococcin Eype primarily composed of lipid
and resembling membrane vesicles. These observations for

: 0
Liyxococcus xanthus were confirmed by Brown et al.(3 )

.Hirsch(jl) reported the isolationvaf bacteriocin

- from Myxococcus fulvus strains. From filtrates of‘strain Mx

16 three bacteriocinic profgeins of molecular welght less than
30, ,000 daltons were isoYated and named fulv1c1nu A, B an&(
Most. of the myfobacter les tested were sensitive tq these
fulv101ns, none of the\Cytophagales

. A fourth type of antlmlcroblal substance produced

by myxobacteraleo was reported by Norén and Odham(3 ) The

organism Mxxococcus rxanthus secretes a variety.of organic

factors into the medium which have’the effect of preventing

‘germlnatlon of fungal Spores and 1nh1b1t1ng thelr growth. These

faotors were 1dent1f1ed as a mlxture of fatty acids, both

-saturated and unsaturated in ,the C13 - Cl? range. The®main

~.
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one 1s methyl-branched with an iso-configuration. The
authors also concluded that a.coﬁponent of antibiotic ,
character, not a fatty acid, was present and added to the .
inhibitory effect of their preparations. This factor was
not further identified or characterized.

The extracellular antimicroPial productg‘ of the
myxobacteria are summarized—in fig. 1. They are: (1) lytic
enzymes, of which serine proteases, a neutral protease and
a metallo-protease have been isolated from M. 495; (2)
bacteripcins. xanthicin and fulvicins A, B.and C from
M. xanthus and M. fulvus respectively; (3) fungistatic
lipids from M. xanthus and (4) antibiotics of the chemical
class of phénazines, Myxiﬁ. and peptides, Myxosidins A and
B, the latter isolated from M. 495. The diverse types of
antimicrobial substances produced by the myxobacteria may \\,//)
be important for maintaining their ecological niche of-

utilizing other microorganisms as a food source.
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(l) LYTIC BENZYNE
(1) proLcaﬂes
(ii) lipases
(iii) polygaccharldaues

A

" (3) FUNGI3STADIC +—— NYXOBACTERIA— (2) BACTERIOCINS
LIPIDS (1) zanthicin
(ii) fulvicins

Y ]
(%) ANTIBIOTICS
(i) phenazines (myxin}
(ii) peptide (myxosidin)

ANTIMICROBIAL ZXTRACZLLULAR PRODUCTS LYYOBACTERIA

FIGURE 1
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CHAPTER II
GROWTH STUDY
A. OBJECTIVE
The'determination of Ehe relationships between
conditions of microbial growth and the concentration of a
product of interest was the goal of thé growth study of
Myxobacter 495 described in this chapter. L
The producer organism, Myxobacter 495, was studied
in shake-flasks containing 800 ml of medium, in a 1h-litre
fermenter containing batch-cultures in 8 litres of medium,

and in a 150-l1litre pilot plant fermenter‘containing batch-

cultures in 50 litres of medium. In these studles, shake-

cultures)provided the inocula for the small fermenter, and

cultures from it, in turn, provided the inocula for the large
fermenter. The upper limit of 50 litres volume for cultures
grown in the large fermenter was éet by the capacity of a
filtration unit used in the isolation of the desired product.
Different compositions of media were tried in shake-
cultu:e and several growth parameters were measured. Two
different media, selected from_the.shake-flask study, were
used to examine the effect of different aeration conditions
on growth and production parameters of cultures grown in the
14-1itre fermentér. Experience.and techniques gained from

operation of the small fermenter were applied to cultures

grown in the large fermenter, the objective being to produce
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the antibiotic substance (Myxosidin) on a scale sufficient
to characterize its structure and antibiotic propertiés.

B. MATERIALS ’
(a) Media

Five types of media were prepared. Two of these
contained 17% casamino acids (Nutritional Biochem.), an acid
hydrolysate of casein, as the nitrogen (as well as a .
carbon) source; they differed in sucrose content-- one
contﬁining 1> sucrose, the other, 0.1%. ''wo media contained
1% monosodium-L-glutamate (General Biochem.} as the nitrogen
source with, as above, 1% and 0.1% sucrose. These meédia
were made up with tap water. The remafning medium was a
1% monosodium glutamate-1% sucrose medium made up with
distilled water and with zinc sulfate omitted from the
inorganic components.

The indrganic salts in the media (amounts in g/1)
vere as follows: K2HP04, 0.1; KHzPou. 0.1; MgSOu.7H20. 2;
NaCl, 2; ferric citrate, 0.025; ZnSOu.?HZO, 0.007; and
MnSOuHEO. 0.003. Unless otherwise specified,all chemicals
were of reagent grade. For shake-cultures, the solutions
of inorganic salts and casamino acids or glutamic acid
were adjusted to pH 7.00 with aqueous KOH prior to autoclaving
for 20 minutes at 121°C in flasks Plugged with styrofoam.
Solutions of sucrose at ten-fold concentrations were auto-

claved separately and, upon cooling, portions were combined



with the rest of the media to a final concentration of 1%
or 0.1% sucrose.

In the case of fermenter runs in either the l4-litre
or the 150-litre fermenter, media of the same composition
detailed above were steriiized as three separate solutions 7
rather than two before belngﬂgomblned Solutions of the
phosphate buffer (2% K HPOu. Qf KH PO“), ad justed to pH 7.00,
and solutions of sucrose were autoclaved for 30 minutes at
121% iﬂ glass bottles fitted with wrapped needle connectors.
A solution of the remaining inorganic salts and casamino
acids or monosodium glutamate was adjusted to pH 7.00 with an
aqueous solution of KOH and was sterilized for 30 minutes
at 121°C in the vessel of the fermenter. After cooling,
the sterile phosphgte and sucrose solutions were added to
the rest of the medium in the fermenter through sterile
needle connector ports.

(b) Fermenters

A 14-1itre bench- scale (Chemap) fermenter with a glass
vessel was used in initial batch-culture studies. The inside
diameter of the vessel of the fermenter was 22.4 cm, its
height was 27.2 cm. The working volume was 10 litres
. maximum. The steel top—platé of the vessel was eguipped
with a sterilizable pH probe and a sterilizalke temperature
probe. Needle connector ports located in the top-plate'

allowed addition or removal of solutions to the contents of

o~



the vessel without contamination. A central shaft passed
through a s%erilizable pressure seal in the steel bottom-
plate of the-vessel and was drivgn by a variable-speed,
eléctric motor. Flat-bladed, fadial impellers could be
attached.to this shaft and fixed to any height. At fhe top
of the same shaft two conically-shaped, radial turbines
and a conical deflector, comprised a mechanical foam
breaker of the design known commercially as "Fundafoam".
Four plates, fixed to the bottom-plate of the vessel,
functiPned as baffles to prométe turbulence and to prevent
rotation of the medium. A supply of compressed air was set
to the de'sired flow rate by means of a flowmeter. The air
entered the vessel of the fermenter through a sterilizable,
 glass-wool packed, inlet filter, and was bubbled througma
the medium from a stainless steel, ring sparger. Air exited
from the veésél via a condenser, which reduced evaporative
losses, through a sterilizable, glass-wool packed, outlet
filter. )

" A pilot plant fermenter (Chemap), with a vessel of
150 litres volume was used for large scale production runs.
Its vessel was of stainless steel construction with a
- maximum working volume of 100 litres. Ports passing through
the sides of the vessel held a sterilizable PH probe and a

sterilizable temperature probe. Needle connector ports

located in the top plate allowed addition of solutions to
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the contents of the vessel withodt contamination. A glass
inspection windowland light fixture in the top-plate allaowe
the contents of the fermenter vessel to bé-yiewed dyring a °
run. Samples could be withdrawn through a sterilizable valve
system connected to the bottém'plate.of the vessel. A central
shaft passed thrbugh a steam-sealed gland of the type used
on large fermenters. This design allowed steam to circﬁlate
between the packing layers dﬁring sterilization of the
fermenter vessel. Three flat-bladed, radial impellers
were set at fixed positions on the shaft. The stirriné
speed of the shaft Qas variable and was set by a pulley and
clutch drive-bélt device driven by a large electric motor.
A mechanical foam breaker of the:"Fundafoam" type (see above)
was fixed to.the top plate of the fermenter vessel and was
driven by a separate, direct drivg electric motor at a
single speed of 1800 rpm. Four bafflé plates were attached
to the walls of the wvessel. Air-line p;essure was‘maintained
at 25 psi by means of an alr pressure fegulator. Air flow
into the vessel was measured by a flowmeter. Both the air
inlet and the air outlet filters were of the ceramic candle
type. Air was supplied to the contents of the vessel through
a ring sparger located at the bottom and encircling the
lowest impeller. - A condenser was fitted to the alir outlet
lirte to reduce evaporative losses. The fermenter vessel
was wrapped in a jacket supplied with water and steam lines.

An electro-pneumatic temperature control mechanism maintained
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jacket temperature at the desired preset\yalue. Two
independe.ntly sterilizable reseryoirs were connected by é
valve system to the fermenter vessel. These were used to
add solutions of the Phosphate and‘sucrose components of the
medium to the sterile solution of inorganic saits and
€lutamate in the vessel.

C. METHODS ]
(a) Growth of Myxobacter 495 in Shake-Cultures .
- Cultures of Myxobacter 495, in 40 ml of each medium,
were inoculated with samples of a previous.culture which
had been frozen in a dry_ice-acetone bath and stored at -60°C.
All cultures were grown at 25° on a rotary shaker describing
a circle, 1" in diameter, at about 150 rpm. The starting-
‘cultures were subcultured four times, the third and fourth
subculture; were in duplicate. Approximately 38 ml of each
of the final subcultures was used to inoculate a 2800 ml
- Fernbach flask containing 800 ml of medium.A small amount
of each inoculum was set aside for tufbidity measurements
and microscopic examination.
(b) Growth of Myxobacter 495 in Fermenters
Batch fermentation cultures with 8 litres of either
the 1% césamino—l% sucrose medium or 8 litres of 1% giﬁtamate-
1% sucrose were grown at a variety of aeration rates. Cultures
were inoculated with samples of ‘a previous 24 hour culture
in 5 ml of casamino medium. These 5 ml cultures were
propagated in 50 ml cultures of casamino or glutamate media

for at least two subcultures. The inocula for the fermenter
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were 24 hour 400 ml cultures in the appropriate medium: These

were added through a sterile needle connector and a small
sample wés kept for pH apd turbidity measurement. The
temperature of the vessel was‘regﬁiated at 26°C. Affer
inoéulation the outlet air filter was replaced with a length
of sterilized rubber tubing in order to ensure atmosﬁheric
pressure in the vessel.

Cultures of Myxobacter 495 tend to foam violently
when air is sparged through them in a fermenter, particularly
during the first 24 hours of growth. Foam production is a
function of the aeration rate and of the stirring speed.
High stirring speeds reduce the size of the air bubbles
rising through the medium from the sparger and give a
dense, stable foam which is difficult for the mechanical
foam breaker to separate. The excessively foam& nature of
these cultures required (a) a high turbine speed to control
foam and (b) a low stirring speed to reduce foam production.
-These conditions could not be realized in the 14-1itre
fermenter since, as indicated above, the foam-breaker
turbine and the stirring blades were on the same shaft.
Attempts to lower the rate of fqam préduction by reducing
the length of the stirrer blades and changing their position
on the shaft were unsuccessful. However, it was found that
~good growth could be obtained by relying only on the sparged
air for agitation. The stirrer was therefore removed from

the shaft allowing the foam breaker to be operated at the
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high speeds (1200 - 1800 rpm) which were necessary for
effective foam‘control.

The inocula for 50 li%re batch-cultures were 48 hour
mid-log phase, 8 litre cultures prepared as described above.
Five litres of inoculum was transferred to 50 litres of 1%
glutamate-1% sucrose medium in a 150-1litre fermenter via a
sterile transfer tube. - There were some variations in
technique from one production run to amother but essentially
the procedure was as follows: initial aeration was acgomplished
by stirring the culture at 200 rpm while air passed over the top
of the medium (vortex aeration)--this avoided loss of inoculum
into a large foam layer and led to shorter lag phases;
ﬁemperature was regulated at 26°C; at 24 hours when cﬁltures :
had an optical density of about 1, air was sparged from a
pipe at the bottom of the vessel at 17 L/min whidh corresbonded
to 4 vvm on the 8 litre scale (see scale-up discussion in
. Chapter II section D {(¢) "Growth on 50 litre Scale"). The
vessel immediately filled with foam and the foam breaker was
switched on at 1800 rpm; as a safety measure, the outlet
filter was removed and replaced with a long section of tubing
leading to a drain--this allowed the air pressure inside the
vessel to remain at atmospheric pressure and eliminated the
risk of a pressure build-up should excessive foam overflow
the foam breaker and plug the outlet air filter. The culture

was harvested at 72 hours by connecting the vessel outlet
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drain directly to fhe input qf a CEPA continuous-centrifugé
and pumping it through the centrifuge under a head of air _
pressure created in the fermenter by closing the air outlet 5>/“/
valves.
(c) Sampling Procedure

Immediately after inoculation of the Fernbach flasks
or the fermenters, a zero-time sample was withdrawn. Further
samples were taken during each run. émears were made,'étained
with safranin and examined for evidence of contamination. A
portion of each sample was diluted with 1% NaCl for measurement
of turbidity at 660 nanometers. The remainder was centrifuged
for 30 minutes at 11,600 rpm (Servall) and a portibn of the
supernatant was removed for pH measurement. Another portion
was treafed with an equal volume of 5% aqueous trichloracetic
acid (TCA) to remove protein. Samples were stored at -20°C
pending determination of enzyme and antibiotic activity.
(d) Analytical Procedures «

(i) Sucrose Assay

Sucrose was determined by the.phenol—sulfuri; acid
method.(BB)TCA—treated samples were diluted 1 to 101 (1%
sucrose media) or 1 to 11 (0.1% sucrose media) with distilled
water. Fresh reagent grade sulfuric acid (Fisher) and phenol
(BDH) were used. Absorbances were measured at 490 nm. Glutamic
acid or casamino acids at the levels present in these analyses

do not interfere with the colorimetric reaction.(Bu)
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(ii) Amino Acid Analyses

Analyses were done with a Beckman 121 amino acid
‘analyzer (the resins and buffer systems used are descfibed
in Chapter IV); The TCA-treated samples were diluted as
required with the'apprppriate citrate buffer (pH 3.25 for
acidic and neutral amino acid analyses.'pH 5.25 for basic_
amino acids and ammonia). Some samples were centrifuged or
filtered o remove any residual protein precipitatdy '
‘ (1ii) «-lytic Activity

Samples of culture supernatant were assayed with a
pH-stat (Qle Dick) for esterase activity towards N-benzyl-
L-alanine methyl ester.(35) The titrant was 0.05 M KOH.
The reaction mixture was maintained at pH 8.0. The amount
of o¢-1lytic protease present in the supernatant was calculated

using a value for the second order velocity constant of

-

[ 4

k = 723 UL sec™1,(36)
(iv) Turbidity Measurements
Turbidities of.samples of cell-suspensions, diluted
with‘l% NaCl, were measured at 660 nanometers, using 1 cm
glass cells in a Beckmgn_DB spectrophotometer. '
(v) Protease Activiéy Towards Casefin
Samples were assayed,for proteolytic activity towards
casein.(37)_The activity was also measured after treatment
of the samples with diisopropylfluorophosphonate {(DFP).

Thirty microlitres of a 10% solution of DFP in isopropanol
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was added to each 3.0 ml sample of supernatant solution. The
DFP-treated solutions were left at room temperature for 3

lhours and assayed for proteolytic activity towards casein.

{vi) Myxosidin Assay by Serial Dilution
The assay procedure for determination of antibiotic
activity of Myxosidiﬁ is described in more detail in Chapter
V. Briefly, activities of culture filtrates were determined
by a serial dilution procedure. A sefies of flasks contgining
graded amounts of supefnétants in 5.0 ml of 1% glutamate-1%
sucrose medium was inoculated with a 24 hour culture of

Sphaerotilus natans and incubated for 18 hours at 26°C on a

rotary shaker deécrib;ng a circle 1" in diameter at 130 rpm.
Distilled water was used for sample dilution and the biank
contained medium and inoculum alone. The flasks were scored
as "clear" (complete inhibition of growth), "turbid" (heavy
growth), or "marginal" (partial inhibition of growth). If,
for example.'loolyl of a sample solution in 5.0 ml of
medium resulted in a turbid culture (dilution 1:51) after

18 hours of incubafion, while 125/ul in 5.0 ml of medium
resulted in a clear culture (dilution 1:41), the activity
would be expressed as 41/51 dilution units/ml. In practice,
often two or more sets of aésays were required. The first,
with a broad range of serialhgilutions, determined the

approximate level of antiblotic activity. The second, and
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subsequant assays, using a narrower range of dllutlons,

L~

determined the level of antibiotic actlv”ty more exactly.

(vii) pH Measurements

~ o ————

Aliquots of cultvre supernatants were set aside for,
pH measurement using a Radiometer PH meter. Readings differed
very llttle before and after remov1ng cells by 9entr1fugatlon.

D. EXPERIMENTAL RESULTS

(a) Growth in¥ Shake Cultures

The producer organism, Myxobacter 495 was grown in

800 ml shake flask culfﬁres Two different nitrogen sources

were used, hydrolyzed milk protelns and monosodlum L glutamlc =

>

acid. The carbon souroe of all~med1a was commerc1ally
: \

.‘ available sucrose used at two concéntrations: 1% and .0.1%.

: Ell media were ad justed to pH 7.0. A spe01a1 medlum was
prepared using distilled water and 1norgan1c ‘salts. omlttlng
zine sulfate. - Media depleted,ln-zlnc gave culture flltrates f'm
with reduced levels of'/e—lytlc protease act1v1ty This .
enzyme is a zinc-containing metallo-protease abundant 1n

culture filtrates of M xobacter 495

Changes in growth paraméters are 1llustrated 1n
figures *2 ta)ll These graphs show the growth of ‘the cell o
population measured as increase in. turbldfty at 660 nm,'
consumptlon of casamino a01ds or glutamic aeld' consumption
oi sucrose; pH changes; production of extracellular lytic CoF
enzymes measﬁred in a specific assay for -lytic protease;

- ' Jc“-n




FIGURE 2

Growth parameters for 800 ml shake-flask
cultures on 1% casamino-1% sucrose medium:
(a) —e— turbidity at 660 nm; (b)—o0—0—
% amino acid -concen. zero-time set to 100%;

" (¢) —o—b—sucrose concentration of medium,

mg/ml; (d)—s—s— ammonia concentration of
medium, mpwmd/ml. The lower graph illustrates
pH changes in the same cultures.
Experimental points are the arithmetic mean
of measurements made on duplicate cultures.
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FIGURE 3 -

Enzyme activity of culture filtrates from
800 ml shake-flask cultures grown on 1%
casamino-1% sucrose: (a) —e—e— x-1ytic
proteasg activity expressed as pg protein
per ml &ulture filtrate; (b)—a—a— casein
lytic activity in micromoles of tyrosine
released/ 10 min/ml culture filtrate; (c)
—a-8 casein lytic assay following DFP
treatment of culture filtrates. The DFP
treatment had the effect of inactivating
serine proteases.
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FIGURE 4

Growth parameters for 800 ml shake—flask

cultures on 1% casamino-0.1% sucrose

medium: the symbols and units are as in
Fig. 2.
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FIGURE 5

Enzyme activity of culture filtrates from
800 ml shake-flask cultures grown on 1%

casamino-0.1% sucrose: the symbols and
units are as in Fig. 3.
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FIGURE 6

Growth parameters for 800 ml shake—flask
cultures on 1% glutamate-1% sucrose
mediums the symbols and units are as in
Fig. 2. .
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FIGURE 7

Enzyme activity of culture filtrates -from
800 ml shake-flask cultures grown on 1%

glutamate-1% sucrose medium: the symbols
and units are as in Fig. 3.
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FIGURE 8

Growth parameters for 800 ml shake-fla¥k
cultures on 1% glutamate-0.l% sucrose
medium: the symbols and units are as in

Fig. 2.
B
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FIGURE 9

Enzyme activity of culture filtrates from
800 ml shake-flask cultures grown on 1%
glutamate-0.1% sucrose medium: the symbols
and units are as in Fig. 3.
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FIGURE 10 i

Growth parameters for 800 ml shike—flask
cultures on 1% glutamate-1% .sucrose,

- zinc-free medium: the symbols and units
are as in Fig. 2. This medium was
prepared in distilled water rather than

tap water and with inorganic salts omitting
zinc sulfate.
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N FIGURE 11

Enzyme activity of culture filtrates from
800 ml shake-flask cultures grown on 1%
glutamate-1% sucrose, zinc-free medium:
the symbols and units are as in Fig. 3.
The activity of s-lytic protease, a zinc-
containing, extracellular metallo-protease

of Myxobacter 495 should be depressed or
absent in these culture filtrates.
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levels of protease activity towards casein before and after
treatment with DFP; and changes in ammonia concentration of

the media. Antibiotic aectivity as assayed by serial dilution

against the test organism Sphaerctilus natans is recorded
for the same.cultures in Table 1.
' Cultures grown on 1% casamino-1% sucrose medium
(fig.2) demonstrated the phenomenon known as diauxie.(js)
The growth curve, as observed by turbidity measurements at
660.qm. showed two periods of log-phase gro s paratea by
a brief stationary phase. Free amino acids in olufion were
depleted during the first log-phase growth period. Sucrose
was exhausted during the second log-phase growth period. 1I%
was observed in all media tested that Myxobacter 495 used
amino acids as substrates in breference to sucrose.

Table 1 shows the levels of antibiotic activity of

culture filtrates from shake-flask cultures. The test

organism was Sphaerotilus natans. The units are dilution
units per millilitre of culture filtrate. The zero-tiﬁe
samples were taken immediately after inoculation and all had
some activity due to the presence of the antibiotic in ‘the
inoculum. For the culture shown in fig.2, maximuﬁ‘gntibiotic
activity was reachdd at 24 hours. & The activity remained
fairly constant from 24 to 96 hours. 1In fig. 3, enzyme
activities for the same cultufe are illustrated. Péak

.enzyme activity was reached at 72 hours.
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TABLE 1

COMPARISON OF ANTIBIOTIC PRODUCTION
IN 800 ml SHAKE FIASK CULTURES OF
MYXOBACTER 495

MEDIUM TIME (HOURS)

1%

i’
Ca

0 24 - 48 72 96
CAS-1% SUC  21/31 125/155 80/90 125/155 125/155
CAS-0.1% SUC 21/31 155/205  205/305 205/305 205/305

1% GLYU-1% SuC 16 41/61  155/205 155/205 105/125
1% GLU-0.1% SUC 16 16 21/31 16/21 61/80

1% GLU-1% SUC 16 16 125/155 105/125 80/90

(No Zinc)

Figures are given in units of activity per ml of
culture filtrate; the test organism was Sphaerotilus
natans; zero-time samples were taken after '
inoculation and contained activity added with the
inocula; the two numbers given for each sample are
the lower and upper limits of activity respectively
except for samples with very low activity for which
only the upper limit is shown. -
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The pattern of amino acid consumption for a culture
grown on 1% casamino-1% sucrose is shown in Table 2. Free
amino acids in solution were determined by amino acid analyses
and the results are given in micromoles/ml of culture filtrate.
Thé total number of micromoles of each amino acid present at
zeEo-time was arbitrarily assigned a valuelof 100%. The
total number -of micromoles of amino acids remaining at 12,

24 and 48 hours was expressed as a percentage of the zero-
time total and plotted on graphs of growth parameters of 1%
casamino~cultures”55 % amino acid consumption.

Cultures growﬁ on 1% casamino-0.1% sucrose media
(fig. 4) grew well initially but began to autolyze at about
24 hours, coinciding with the depletion of free -amino acids
in the medium. The autolysis was evidenced.by the rapid
decline in the growth curve, as represented by turbidity
measurement at'660 nm, and by the dark brown appearance of
the culture in the shake flask. The ammonia levels of these
cultures reached very high values during the period of
autolysis. When samples of the culitures were examined by
phase-contrast microscopy damaged cells and aggregations of
cell debris could be seen. Production of extracellular

lytic enzymes (fig. 5) was much lower than that for cultures
. ' &
grown on 1% casamino-1% sucrose medium. Levels of antibiotic
: l
activity obtained for this culture were somewhat higher than

the other casamino culture (Table 1). However, it was



TABLE 2

AMINO ACID UPTAKE FROM MEDIUM:
800 ml SHAKE CULTURE, 1% CAS-1% SUC

AMINO ACID TIME (HOURS )

0 12 24 48
ASPARTIC ACID 3.08 3.39 0.208 0
YHREONINE 1.88 1.82 0 0
SERINE 3.26 2.97 0 0
GLUTAMIC ACID 8.69 8.75 0.956 0
PROLINE 5.81 5.08 0 0
GLYCINE 1.84 1.4 0o 0
ALANINE 2.4 . 1.58 0 0
VALINE 2.13 2.48 0 0
METHIONINE 1.67  1.67 0.508 0.528
ISOLEUCINE 1.46 1.66 0 0
LEUCINE 3.69 - 2.68 0 0
TYROSINE 0.992  0.928 0O 0
PHENYLALANINE 0.716  0.456 0 0
LYSINE 2,94 3.19 — 0 0
HISTIDINE 0,740  0.720  © 0
ARGININE 1.04 0.832 0 ° 0
TOTAL (pmoley/ml) 42.38  39.62  L.67 ' 0.528
AMINO ACIDS % 100 93.5 3.94 1.25

Amounts are given as pmoles/ml of culture filtrate;
42,38 #moles/ml of the amino acids listed was present
at zero-time; totals of amino acids present at 12,
2L, and 48 hours are expressed as a percentage of
phe.zero—time amount; zero-in the above table
indicates less than 0.0l #mole/ml. The pattern of
amino acid-consumption was quite similar in all
cultures grown on 1% casamino media.



k9
observed during exploratory studies of methods for the |
isolation of the inhibitor that by-products of autolysis led
to difficulties during initial filtration or column treatments
of culture filtrates. Filtrates from cultures which had
undérgéne autolysis tended to be very viscous to the point
of being a syrup if the autolysis were allowed to go to
completion.

éultures grown on 1% glutamate-1% sutrose (fig. 6)
had a longer lag-phase than the casamino cultures. Peak
levels of antibiotic éctivity“Were observed at 72 hours
(Table 1) and éf lytic enzyme activity at 72 hours (fig.7).

In glutamafe media with 0.1% sucrose (fig. 8) poor growth

and low levels of antibiotic activity were observed. However,
production of lytic enzymes (fig. 9) was comparable to. that
on glutamate medium with 1% sucrose.

Cultures grown on 1% glutamate-1% sucrose medium
which was zinc-free (fig. 10) showed excellent growth as
obs;rved.by turbidity meésurements. It was anticipateq that
the activity of metallo-proteases which required zinc would
be reduced in a culture grown in zinc-free medium. The zinc-
containing enzyme,/s-lyﬁic protease, is a major component
of the extracellular proteolytic activity found in culture
filtrates of Myxobacter &25.(5°) DFP-treated lytic activity '
towards casein (fig. li) wz@*educed compared to the

activity measured for the glufamate medium with zine (fig. 7). .



oL |

The medlum which was de31gnated "zinec- free" may have contalned
Some zinc 1ntroduced into the medium .in the dlstllled water

or one of the solid componenﬁé; especiallx casamino.acids.

and this would account for some of the proteolytic activity -

observed in the DFP-treated samples from the cﬁ;turé of

fig. 11,

Antibiotic activity (Table ‘1) for the zine-free
medium was comparable to peak aéfivity obtained for the .other
cultures gr&m& on media containing 1% sucrose. There appeared
to be a 51gn1flcant decllne in activity as 1ncubatlon was
continued past 48 hours.

(b) Growth in Small Fermenter

Two types of meﬁium from the shake-flask study, 1%
casamino-1% sucrose and 1% glutamate-1% sucrose, were used
to study the effect of several differeﬁt aeration conditions

on the growth of Myxobacter 495 and production of antibiotic.

All cultures were grown on 8 litres of medium at 26°C.
Aeration rates were from 4 1/min or & vvm (volumes of air

per volume of medium per minute) to 16 1/min or 2 vvm, for
glutemate cultures, and'% vvm to 1% vvm for casamino cultures.
As discussed previously, the stirring blades were removed
from the shaft and agitation was accomplished by the action
of bubbles of sparged ailr rising from the bottom of the

fermenter vessel.

o
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- Figure 12 iilustrates the growth parameters measured
- for a c@lturé grown on.8 litres of 1% glu%amate—l% sucrose
medium aerated at 4 1/min or & vvm. Antibiotic actiﬁity for
‘fhe glutamate fermenter cultures is shown in Table 3. This
culture reached its maximum turbidity at 72 hours. Peak
antibiotic activity was observed at 72 hours.

Figures 13, 14, and 15 are cultures grown on 8 litres
of glutamate medium aerated at 1 vvm, 13 vvm, and 2 vvm
resPectivéiyé -In these cultures the growth curve, turbidity
at 660 nm, peaked at 72 hours. The maximum turbidity reading
increased with increasing aeration rate. Anfibiotic ;étivity
(Table 3) tended to peak at 72 hours and was highest at‘%‘vfm.

Figures 16 and 17 show the results of 8 litre
fermentations on 1% casamino-1% sucrose medium aerated at
¥ vvm and 1 vvm respectively. As for shake-flask.cultures,
the free amino acids were consumed in preference to sucrose.
The peak turbidity reading for the culture grown at 4 vvm
(fig. 16) was reached at 96 hours. The culture grown at ‘\\\“B
1 vvm reached its peak turbidity at 48 hours (fig. 17). A
rapid decline in turbidity and an increase in ammonia
concentration indicated that the culture aerated at 1 vVm
had begun autolysis after 48 hours. When higher aeration
rates were attempted using the casamino medium, many
problems in foam control arose. A culture aerated at 13 vvm 2

{(not illustrated)had poor growth. Several cultures aerated

A

at 2 vvm did not grow at all.



FIGURE 12

Growth parameters for 8 litre 1% glutamate-1%

sucrose culture aerated at 4 1/min (%vvm) in
14-litre fermenter: (a) e—e— turbidity
measured at 660 nm; (b)-0—o— glutamate
concentration, mg/ml; (c¢)—o—o—sucrose
concentration mg/ml; (4)-s—s—ammonia
concentration umol/ml. The lower graph
illustrates pH changes in the same culture.
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FIGURE 13)

Growth parameters for 8 litre 1% glutamate-1%
sucrose culture aerated at 8 1l/min (1vvm) in
14 -1itre fermenter: the symbols and units are
as in fig. 12.
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FIGURE 14

Growth parameters for 8 litre 1% glutamate-l1%
sucrose culture aerated at 12 1/min (livvm) in
14 -litre fermenter: the symbols and units are
as’' in fig. 12.
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FIGURE 15

Growth parameters for 8 litre 1% glutamate-1%
~ Sucrose culture aerated at 16 1/min (2 vvm)
in 1h-litre fermenter: the symbols and units
are as in fig. 12.
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FIGURE 16

Growth parameters for 8 litre 1% casamino-1%
sucrose culture aerated at 4 1/min (% vvm) in
a 1% litre fermenter: (a)—e—e— turbidity
measured at 660 nm; (b) —0—0—% amino acids
in medium, zero-time set to 100%; (c¢)-o—o—
sucrose concentration mg/ml; (d)—s—s-ammonia
concentration smel/ml. Thé lower graph
illustrates pH changes in the 'same culture.
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FIGURE 17

. Growth parameters for 8 litre 1% casamino-1%
sucrose culture aerated at 8 1/min {(vvm) in
a 14-litre fermenter: the symbols and units
are as in fig. 16.
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.TABLE 3

COMPARISON OF ANTIBIOTIC PRODUCTION AT

FOUR AERATION RATES: 8 LITRE 1% GLU-1%

SUC CULTURES OF MYXOBACTER 495

¥

4

AERATION RATE _ TIME (HOURS)

o 24 i 72 9
b 1/min; ¥ vwm 21/31 43/80 294/378 525/651 4i1/525
8 1/min; 1 vvm 16 70/8Q 341/451 378/M41 341/451
12 1/min; 1% vvm 16/21 80/90 231/275 .257/34%1 198/231
16 1/min; 2 vvm 16 231/275 451/671 451/671 451/671

Figures are given in units of antibiotic a6t1v1ty
per ml of culture filtrate; details of the assay

are as for Table 1.

64
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Data for the antibiotic activity of culture filtrates
¢ from 8 litre fermentations on 1% casamino-1% sucrose medium
at ¥ vvm and 1 vvm are shown in Table 4. ‘Included in this
table are the results for a culture grown at 1% vvﬁ.‘ Peak
activity was reached between 72 and 96 hours.
~'The most active filtrates of the small fermenter
étudy were three times as active as thé'best from the shake
flask study.. Excellent antibiotic activity could be obtained
by aerating the medium at %Aor 1 vvm with either the glutamate
‘or the casamino medium. The optimal time for harvesting the
culture appeared to-be about 72 hours. Foam controi was '
easily accomplished with the mechanical foam breaker when
agitation was by sparged aig alone.
. (c) Growth in Large Fermenter . ,

The 1% glutamate-1% sucrose medium was choseg for a
large scale batch fermentation in a 150 litre fermenter. The
culture was grown in 50 litres. of medium following inoculationm-
with 5 1itres of a mid—iﬁg phase cpltﬁfe grown in the
small fermenter. An_épproximation to the aeration of 8 litres of
medium at & vvm in the small férmenter to a similar condition
for 50 litres of medium in the large fermenter was made using

the following equatibn:(39)

( p
Q B
— Large Ferm. : -2/3 -
v - . |HLarge Ferm
A K -
‘E Small Ferm. Small Ferm
v L
. /
/‘_"\..‘
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TABLE 4

COMPARISON OF ANTIBIOTIC PRODUCTION
AT THREE AERATION RATES: 8 LITRE 1%
.CAS-3% SUC CULTURES OF MYXOBACTER 495

AERATION RATE TIME ( HOURS )

. 0 2L 48 .72 96 -

4 1/min; 3 vvm  21/31  80/90 205/305 205/305 275/341
8 1/min; 1 vvm 16 . 155/205 341/451  671/851 671/851
12 1/min; 13 vwm 16 16/21 125/155 -~ 125/155 231/275

.

Figures are given in units of antibiotic activity pér
ml of culture filtrate; details of the assay are as
for Table 1. -

(v g ) -
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In the above equation Q is the aeration rate in 1itre/min,
H is " the depth of the medium in the fermenter vessel, and V
is the volume of medium in litres. . For a Q/V ratio of
% vvm in the small fermenter the Q/V ratio in the large
fermenter was 0.33 vvm. Therefore an aeration‘rate of 17
1/min in the large fermenter approximated 4 1/min in the
small fermenter.

Turbidity increase, glutémate consumption, and pH
changes are illustrated in fig. 18. The culture was
harvested at 72 hours. Antibiotiq activity was the best of
" any culture in ‘the E’rowth.study: 883/1300 dilution units/ml
at 48 hours, 1300/1716 dilution units/ml at 72 hours. After
passage through a CEPA.continuous centrifuge, 36 litres of
culture superﬁatant assgyed at 1716/2350 dilution units/ml
'was obtained for further processing. ‘ &

i

E. DISCUSSION:

Cultures of Myﬁobacter E’ﬁ, grown in gpgke—flasks

on casamino;sucrose media, exhibited the phenomenon known

. %&1 diauxie. This type of microbial growth was defined by
nod as "a double growth cycle consisting of two

exponential phases separated by a phase during which the

growth rate passes throﬁgh a minimum, even becoming negative

in some cases."(%40) Monod accounted for this type of

growth:as.being the resul¥ of eiﬁher‘"the exhaustion of a

compound partially covering an essential natritional

™



FIGURE 18

Growth parameters for a culture of Myxobacter
495 grown on 50 litres of 1% glutamate-1%
sucrose in a 150-litre fermenter: (a)—e—e—

turbidity measured at 660 nm; (b) glutamate -o-0—
~ concentration mg/ml. The lower graph '

illustrates pH changes in the same culture.
The culture was stirred at 200 rpm with the
sparger turned off and air passing over-top
of the medium {vortex aeration) for the first
24 hours following inoculation. From 24 to
72 hours the culture ‘was aerated by sparged

air at 17 1}/min. = . . '

8
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requirement, or from the transitory accumulation of a
’metabolite, which will evéntually serve as a secondary
lnutritional source."(ul) The example of diauxie seen
in fig. 2, a shake-culture grown on 1% casamino-1% sucrose,
appedred to be of'the.fonmsr type. The first phase of
growth exﬁépsted the free amino acids of the medium, some
of which may have been essential to the cells’ metabolism.
During the second phase of growth the cells used sucrose
as a substrate. A diauxic effect was not apﬁérent in 4he
growth curve of cultures grown on 1% glutamaté-l% sucrose
medium.

The results from the shake flask stuay'indicated
that good growth could be obtained on glutamate and
casamino media with either 1% or 0.1% sucrose. However,
cultures gr on media with the lower Sucrose concentration
‘ tended to autolyze rapidly. The filtrate from autolyzed |
cultures was found to be very difficult to work up for
isolation of the desired product. Since autolysis was

undesirable, 1% glutamate-1% sucrose and 1% casamino-1%

- osucrose media were used in order to study the effect of

»
various aeration conditions on the growth of the produoer

organism in a small fermenter. %
Foam control was found to be an important factor in -
the fermenter studies. Too much foaming, just after o

inoculation, led to a longer lag-phase and poor grthh.'
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Cultures grown on glutamate medium foamed less than cultures

grown on casamino medium, at a given aeration rate. The
lowest aeration rates tried, % vvm and 1 vvm, were sufficient
for good growth and production of the antibiotic on these
media.

Monosodium-L-glutamate is an inexpensive and easily
obtaineﬁ substrafe compared to casemino acids. For a series
of large scale fermentations, including the inevitable
aborted runs, the glutamate medium was much more economical
than the casamino medium. The growth study culminated in a
successful production run on'SO litres of glutamate medium.
About 36 litres of supernatant from the culture was harvested
at 72 hours and was assayed at 1300/1716 dilution units/ml
or 5 x 107 dilution units in total. This represented
approximately 5 grams of the antibiotic substance or 140
mg/litre of culture. 1In comparison, the same culture filtrate
had 394 mg/litre of e-lytic protease. Thus, determination of
the growth parameters for a variety of different media, and

for several different aeration conditions, made possible a

‘large scale fermentation which resulted, in an excellent yield

of antibiotic.

o
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CHAPTER III

ISOLATION PROCEDURE
The isolation procedure used in this investigation
was devised by Dr. D.R. Whitaker. The original procedure

is outlined in point form in Table 5 .. The :rationale is as

follows:* /A/’Y>\§ ;
The outputffrcm the 50 litre culture, grown as

described in Chepter I1I, was free? of cells with a continuous
flow centrifuge iStep 1). The effluent was then passedi
through a mixed:bed ion-exchange resin, which; in.effect,
replaced the effluent's complex mixture of catlons and
anions with NHn and acetate.

At this stage. the antibiotic act1v1ty, as ass;yed
against Sphaerotllus natans, was assoclated ‘with a complex
having a fairly low sedimentatlon coeff;clent. The complex
could be spun down in a preparative ultraceptrifuge. but

the aration required high—speed'runs,lastiﬁg several

hours ant was not practicable for large scale isolation.
The complei*‘ , therefore, concentrated by an ultgaflitratlon
procedure (Step 3), using an Amicon assembly with a capac1ty°
of 20 1itres. The ultrafilters, Amicon XM-100A, were rated T'
as permeable to solutes with molecular weights up to
100,0003;IConcentration of the solution was accompanied by

an increase in i;g viscosity. with a. consequent falling-off

of . b 3He-Q ltration. The polysaccharides
responsible for the high viscosity were removed by

. Q
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precipitation with 2 volwmes of acetono after the addition
‘of potassium_phosphﬁte to the concentrate. The precipitate
was removed by a glass-wool filter. fhe filtrate was
diluted with water, in order to reduce the ‘acetone
concentration to a level not injurious to the ultrafilters,
reconcentrated, treated again with acetone to remove any
residual polysaccharlde, and again. reconcentrated. By the
\\_‘%;%g’ end of this extended treatment, the complex contalnlng the
‘ antibiotic activity had undergone extensive aggregatlon, and
could be collected by centrifugation at low speeds.
The product from Step 3 was readily soluble in

H}

ethanol but not-in water, readif& soluble in concentrated
(k.2 M) guanidine hydrochloride: but not in dilute (0.5 M) .
goanidihe hydrochloride, and, on extraction with chloroform
- from a h,2 ﬁ solution of guanidine hydrochloride,.yielded
 large amounts of‘antibiotically-inactive, lipid-like
<:ngaterial in the chloroform extract. These obserrations are
compatible with the dissociation of a preptide-lipid complex
by concentrated guanidine hydrochloride and are exploited
in Step 4. . | 7
| _In the final step, the Myxosidin was freed of salt.
The most obvious methods-—gel-permeatlon chromatography on
Sephadex or cross- 1inked polyacrylamide gels or ion exchange

chromatography with volatile acids, bases, or salt solutions

- as eluénts-;proved to be inapplioablé'as Myxosidin is

2

R .
- \\.
} . .
- . . "
- ‘
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strongly adsorbed by Sephadex, cellulose, and cross-
linked methacrylate and polystyrenegion-exchange resins.

The procedure adopted -exploited the solubility of Myxosié}h
~<

in ethanol-chloroform (Step 5). The elution with

isopropanol in a silica gel column.removed &a coloured -

impurity.
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i ’ b . TABLE 5

MYXOSIDIN: ISOLATfEN PROCEDURE

Preliminarys Input to fermentor - 50 1 medium + 5 1 inogulum
Harvested after 3 days growth
Oytput - 35 1 fermentor broth

Step 1 Continuous centrifugation to remove cells - 3 passéges-

through GBPA L41G continuous-flow centrifuge.

Step 2 Ion-exchange - 6 1 bed of Amberlite IR120 (NH,") -
Amberlite IR45 (Acetate™).
Effluent - 36.5 1. Recovery - guantitative.
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TABLE 5 (continued)
MYXOSIDIN;: "ISOLKTION PFROCEDURE

Step 3 Concéntrate active material and remove solutes
with molecular weights below ca 10° by ultra-
filtrations remove solutes precipitated by acetones
centrifuge active material from dispersion in water.

2 1; Qilute with water to 12 1 reconcentrate to 4 1. -

(a) Concex{rate on Amicon XM-100A ultrafilters 36.5 1. to
Add K-phosphate (pH 7) to a concentration of 0.02 M.
(b) Add 2 volumes of acetone. Filter (12.1. of filtrate).
(c) Repeat (a) after addition of ; volumes of water
(48 1. to 0.5 to 1.2) to the filtrate.
(d) Repeat (b) (3.6 1. of filtrate)and (d) (14 1. to 0.5).
(e) Centrifuge final concentrate; wash sediment with 3 x 250ml
water washes-on filter unit; wash sediment twice. with
60 ml 0.02 M K-phosphate (pH 7).
Output: 27 g of washed sediment

Recovery:s ca 70%.




TABLE 5 (continued)
MYXOSIDIN: ISOLATION PROCEDURE

Step 4 Remove: Products insoluble in 6 M Guanidine

(a)

(b)

(c)

(d)

C e
i

hydrochloride (GHC), products soluble in 0.5 M GHC,
products insoluble in 4.2 M GHC, products extracted
by CHCl, from 4.2 M GHC..

Centrifuge 4% solution of sediment in 6 M GHC.

Discard sediment.

Dilute the supernatant to 0.5 M GHC. Centrifuge and
discard the supernatant. |
Redissolve sediment in 6 M GHC. Dilute to 4.2 M GHC,
centrifuge and discard sediment.

Extract supernatant twice qith one third its volume
of CHClB; wash first ch}orofofm extract twice with

half its volume of 4.2 M GHC. Combine aqueous phases.

. OQutputs active product in 4.2 M GHC.

Recovery: . 95%.

o
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TABLE 5 (continued)
MYXOSIDIN:. ISOLATION PROCEDURE

Y

Step 5 Desalt with organic solvents and elute from silic

;(a).

(b)

gel with isopropanol. N

Saturate the 4.2 M GHC solution with (NH,) sou

(50 g/100 ml) and extract with EtOH- CHc:L3

(1:1; 200 m1/100 ml GHC solution). Upper phase
evaporated to dryness;'residue extracted with EtOH;

EtOH extract concentrated and mixed with 2 volumes

. of CHClé. Precipitated_salts.remdved; solution

evaporated to dryness.

Isqpropanol extract of residue eluted from coluQL
of silica gel (Sigma type 1). Mqus;dln, moni tored
by its absorbance at 240 nm, is eluted immediately
after the effluent from the void-volume of the

column. Eluate evapofated to dryness.

Recovery: 95%
Yield: as dried product - 409 mg/ 5 g washed
sediment; as leucine .residues': 96 mg/

5 g washed sediment.

A
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CHAPTER IV

STRUCTURAL CHARACTERIZATION

A. QBJECTIVES |
The purified antibiotic substance isolafed from culture
filtrates of Myxobacter 495 was found'to.be ninhydrin-positive.

Upon acid hydrolysis 11 - different amino acidg could b;////

distinguished - in the residue. A tes% for carb‘hydrate

(hexoses and penfoses)' carried out on the hydro}ys te
negative. The uifraviolet spectrum. of the product - in
methanol showed no chromophores apart from a méno—suﬁ%titutgd
benzene pattern. Natural abundanceljc_rmr spectroscopy

of Myxosidin showed peaks corresponding to a benzene ring
\bearing five hydrogens. It was concluded that thé inh;bitory
agent was a peptide or a closely related set of peptides.
Peptide antibiotics of-bacterial oriéin have the
following features in common: (l)-the§-o£ten occur as a set
of peptides differing in the nature of the amino acid residue
at one or more.positions in an otherwise.identical Sequence;
(2) they'are usually cyclic; (3) they often éontain unusual
amino acids, for example amino acids with o~carbons in the
D-configuratioﬁ. amino acids derived from intermediary
metabolism, or amino acids with modified side-chains; (4) they
are resistant to degradation by the proteases and peptidases
normally employed in the sequencing of froteiné; (5) N- and

C-terminals ar'e often blocked by cyclization or as N-terminal

e

\I

Y
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- .

amide or C-terminal ester groups;‘(6) the upper limit of-
molecular weight appears to be around 3000 daltons; (7) a
great variety of cghpounds such as amines, sugars, fatty
acids, hydroxyacids, and heterocyclic carboxylic acidg may
be attached covalently to the peptide. Structural features
peculiar to peptides of bacterial origin require a different
approach to sequencing. than that used for the sequencing of
peptides obtained from proteins.

The objectives of the study of Myxosidih described L
in this chapter were (l)lto determine the amino acid
coméosition incidding identification of any 'unusual' amino
acid residues and assignment of D-<and L- configurgﬁions;

(2) to estimate the mdlecular_weight of the pgptidé:.

(3) to determine the Sequence of amino acid residuesy

(4) to propose a complete model of the;macrocyclic structure
Iof the peptide.

B. MATERIALS

(a) Chemicals ' | '

All common reagents and solvents were of reagent grade.
Some special reagents wefe used. For amino acid analyses these
were: l,_2. 3-triketohydrindene monéhydrate (ninhydrin.'Pierce),
0.2 N pH 3.25 sodium citrate buffer, 0.2 N pH 4.25 sodium
citrate buffer, 0.35 N pH 5.26 sodium citrate buffer (all from
Beckman), polyoxyeth ¥lene lauryl ether (Brij 35, Plerce),
tltanous ch loride solution {Pierce), and methyl cellosolve.

(Pierce). For Edman sequencing reactions, the following
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‘compolnds were useds phenylisothiocydnate (Pierce), trifluoro-
. h
- acetlic acid (Pierce) and 5-dimethylaminonapthalene-1-sulfonyl

chloride (dansyl chlorideT Pierce). For enzymic determlnatlons

- of D- and L- conflguratlons of &-amino aelds, the enzymes

8 + c
horserad 'ish peroxldase (Sigma), hog kidney D- amino acid

bx1dase (Cal. Biochem.), and the co-factor .ﬂ-nlcotlnamlde
adenlne dlnucleotlde (Sigma), were used. '
(b) Apparatus

1

Absorbances were measured with a Beckman DB-G grating
sbectrophotometer. Ultra v1olet spectra were recorded with
a Unlcam SP 1800 scanning spectrophotometer Infrared spectra
were recorded w1t£ a- Pye Unicam Scanning infrared spectro-
rhotometer. Amino acid analyees were done with a Beckman
model 121 anine acid anéiyzer. Mass spectra were determined
with a DuPont 90 Mass Spectrometer equipped with a variable-
temperature, direct insertion probe. ' A water-cooled plate

system (Locarte) .was used for high voltage electrophéresis.

—"¢. METHODS-

(aj Hydrolyses . - -

A portion of a selution of the peptide ﬁo be hydrolyzed,
containing a known amount of phenylalanine as an internal
standard, was placed in a.glass hydroly81s tube and evaporated
to dryness in a heated vacuum de81ccator. Twoe hundred
to 500 x1 of 6 N HCl (Aristar) was added to the dried
residue. The tubes were evacuated with a mechanlcal vacuum

pump and the contents were frozen in a dry ice- acetone bath.



82
The evacuation was continued with fhawing until no ﬁbre n°
dissolved gas was evolved. The tubes were then sealed
in ggggg and were left in an oven at 110°C overnight. At}'
the end of the hydrolysis period, the tubes were cooled,"
opened, aqd the hydrolysate was evaporated to dfyness in a
"heated vacuum desiccator. Distilled water -was added to the
dried hydrolysate and the evaporation was repeated as oftén as

<

necessary in order to remove the last traces of HCl., For amino\

acid analyses, the resi@ue was redissolved in distilled watér.
(b) Amino Acid Analysis ‘
Samples for amino_acid analyses were injected into -
a Beckman 121 analyzer an&éwere eluted with 228 ml 0;2 N
sodium citrate PH 3.20 followed by 87.5 ml 0.2 N sodium gitrate
pH 4.05 buffer. Hydrolysétes of Myxosidin contained an ,
amino acid which was esolved from glycine in the above
system. Addition of benzyl algohol (0.5%) to the buffers
shifted the position of the unknown amino acid so that it was
completely resolved from.glyciné. The basic am;no acids
were determined on a short column using 0.32 N sodium citrate
pH 5.25 buffer. Norleucine was used as an internal standard.’
_(c) Column Chromatography for Estimation of Molecular Weight
Sephadex G50 (ultrafine) was washed three times with
distilled water, degassed, equilibrated with column bﬁffer. and
poured into a columnvwith a glass bead support. The dimensions

of the settled resin bed were 28.1 cm x 1.0 cm. The column was

eluted with 4.5 M guanidine-HC1-0.02 M phosphate, pH-5.44.

(
4
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2 The columr? output was conti'puously monitored by a 280 nm
detector ané flow cell apgaratuél(LKB).
’ The standard peptides used to calibrate the column
Iére listed in Table 10. The peptides from A-lytic protease
were.':b%ained by cyanogen bromide degragation.(uz)
(dj H{gh YOltage Electrophoresis
_.The mobilities of various samples of peptides and
amino acidé were detefmined on a Locarte water-cooled plate,
high voltage electrophoresis (HVE) apparatus. Buffers used
weres pyri@inefécetic»acid-water (80:2.4:720) for electrophaoresis
at pH 6.5; a,nd‘ 85% formic acid-acetic acid.-water (16364:720)
for electropﬁoresisraf pH 2.1. Conditions fqrrHVE at pH 6.5
were Solvolts/cm.for éo_minutes. Conditions for HVE at .
pH 2.1 were 56.VOlts/cm for 2% hours. Serine, asparticé acid,
" leucine, glycine, and arginine were used as standards.
) Samples were spotted on sheets of Whatman 3MM papér. At the
'completion of a run the sheet-was air dried, and in the éase
of prepﬁ;ative runs, sidestrips were removed for staining.in
a c;dmiumjninhydrin bath. The composition of the staining
solution was as follows: solution A,5 g cadmium acetate in
500 ml water and 250 ml glacial acetic acid; solution B, 1%
.ninhydbin_(Pierce) in acefone; 15 ml of A was added to 100 ml
of B- just pﬁio? to use. After staining, sheets qr sidestrips
weré allowed to air-dry and were stored in plastic bags in

" the dark.
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(e) Edman Degradations

—_

(1) Subtractive Edman .-

+ The method used for subiractive Edman-degrsdations
was esséntially that'of Konigsberg.eﬁB) A sample of the |
peptide to be sequenced (about 500 nanomoles) was dried
briefly in vacuo. Two hundred microlitres of distilled
water and 200 x1 of 5% phenylisothiocyanate (PITC) in
pPyridine were added to the sample. The reaction mixture
was incubated'at 45°C for a minimum of 1% hours, removed
and dried under a stream of nitrogen. The residqé was dried
briefly in vacuo and 400 fl(of trifluoracetic acid (TFA)
was added. The sample was incubated at 45°C for 1% hours,
evaporated with a stream .of nitrogen, and extracted twice
with 260/#1 portions of ether. The residue was dissolvéd in’
ethanol and an aliquot was removed for hydrolysis and amino
acid analysis. The remainder was evaporated to dryness and
cycled back to thg first-stép.

(ii) Dansyl Edman |
The procedure followed for dansyl Edman degradations
was essentially that ;f Gray.(ua) Allquots from solutions of
peptldes to be sequenced were placed in a graded series in
- small test tubes (6 mm x 50 mm) and evaporated to dryness in
a vacuum desiccator at 45°C. The first tube was set aside for
reaction with dansyl choloride and determination of the

N~terminalgresidue1 The rest of the tubes were reacted with
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PITC as follows 25/;1 of water and 25 ml of 5% PITC in -
*1

pyridine were added to each tube; the tubes were‘flushed'
with nitrogen, sealed, and incubated for 1% hours at bsoci/
the reaction mixture wag, dried in vacuo at 45°C. The sec¢dnd

tube was set aside and the remaining tubes were cycled thr ugh

reaction with PITC and cleavage with TFA for the number of
required Edman cycles. One tube was set aside &t the end
of each cycle. If samples were not drying easily after
several Edman cycles, they were extracted with 50.}1 of 50%
agueous ethanol and 200/yl’of butylacetate; the'peptide:
remained 1in the lower, aqdeous phase.

Dried residues set aside at each Edman cycle were
reacted with 5-dimethylaminonapthalene-l-sulfonyl chlor%de
(dansyl chloride) in alkaline solution: lO/yl of 0.5% dansyl
chloride (Pierce) in acetone and 10/#1 of 0.01 M sodium
bicarbonate were added to the dried residue: the reaction
mixture. was incubated for 30 minuteg at 45?C in sealed tubes
under nitrogen. Samples were evaporated to dryness under a
stream of;nitrogen and the dried residue containing dansyl-

_ peptide was hydrolyzed with 25 41 of 6 N HCL (Aristar) in
sealed tubes for 18 ‘hours at 110°C.

ﬁansyl amino acid derivatives from hydrolysates were
identified by thin layer chromatography in three different
solvent systems on polyamide sheets. Solvents used were:

(1) HBO' 85% formic acid (100:1.5); (2) benﬁene:

glacial acetic acid (9:1);(3) ethyl acetate: methanol:
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glacial acetic acid (20:1:1). Samples were spotted on
polyamide sheets 7.5 cm x 7.5 cm (Cheng Chin Trading Co.) and
chromatographed in three-dimensions as shown in fig.l9 .
(f) Partial Hydrolysis of Myxosidin
| . (1) Acid hydrolysis: 100°C 6 N HCL
\

1 A solution of Myxosidin, 2.00 mg in 500/pl of water,

h

vias heated” to 100 ° in a boiling water bath. A tube containing
5bo)¢1 of 12 N HC1 (Aristar)was maintained at 100°C.
Hydrolysis was initiated by pouring the acid into the tube
co%taining the peptide solution and rapidly mixing with a
pipét. _The reaction was allowed to proceed and samples were
witﬁdrawn at 5, 10 and 15 minutes. The samples were cooled
to 0°C in a water-ice bath and the acid waé removed immediately
using a rotary evaporator. The pepﬁides thus obtained were
separated by HVE at pH 6.5 into acidic, neutral, and basic .
zones. These were cut from the sheets and either eluted
with 25% ethanol~2%‘acetic acid or resewn on to sheets of
Whatman 3 MM for further separation by HVE at pi 2.1 or by
descending chromatography in a solvent composed of butanol:
glacial acetic acid: water: pyridine (60:12:48:40). Zones
weré~located by . 8taining sidestrips in a cadmium;nihhydrin
bath prepared as described previously. |

(1i) Acid Hydrolysis 110°Cc, 0.03 N HC1

Peptides were obtained from Myxosidin by treatment

with 0.03 N HC1l. The procedure for mild acid hydfolysis.was

)




FIGURE 19

THIN LAYER CHROMATOGRAPHY OF
DANSYL AMINO ACID STANDARDS

Solvents used were: (1) H,0:85% formic acid
(100:1.5); (2) benzene: giabial acetic acid,
(9:1); (3) ethyl acetate: methanol: glacial
acetic acid (20:1:1); Dns-"X-2" is the dansyl
derivative of an unidentified aromatic amino
acid present in acid hydrolysates of Myxosidin.

b
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as follows:. 100 x1 of 0.06 N HC1 was added’ to 100 plofa
solution ?f Myxosidin containing 0.60 mg of peptide; the
resulting solution was made up to 1.00 ml by addition of. C?
BOO/AI of 0.03 N le; the reaction mixture was sealed and
incubated at 110°C for 24 hours; the hydrolysate was dried
in a rofar& evaporator and resulting peptides were separated
by the techniques described above.

The time course of this reactioﬁ was followed by
preparing the reaction mixture as above but with phenyl-
alanine as an 'internal standard. The mixturefwés divided
into four hydrolysis tubes and incubated at 1i0°c. At 5,

12, 17 and 2% hours a tube was removed, cooled, opened and

evaporated to dryness. Rg}d%f;e amounts of a free amino

acid and of a dipeptide were determined by amino aéid analysis.
(iii) Cold Alkaline Hydrolysis: 0°C, 0.374 N Ba(OH),

Native Myxosidin was found to be a basic peptide by
eleqmrophoresis‘at pH 6.5. Following treatment with cold
alkal}, it migrated as a mixture of basic and neutral peptides.
The two forms were séparated by electrophoresis at pH 6.5
and were purified by re-electrophoresis at pPH 2.1.

Myxosidin was treated with cold barium hydroxide
as fbliows. To 1.0 mg of Myxosidin in a test tube, 2.0 ml
of 0:374% N Ba(OH), solution, chilled to 0°C, was added.
Nitrogen was bubbled through the reaction mixture

and the tube was sealed with parafilm and stored in an
~




: 90
icefbath.for 60 hours at 0°C. At the end of the reaction

period the mixture‘was diluted to approximately 10 ml by
addition of 8 ml of water. A 3.0 ml portion of 0.2 N H2804
was added and the reaction mixture waé titrated to pH 6.88..
A dense white precipitate” of barium sulfate forméd. The
precipitate was removed by centrifugation for 15 min at™
10,000 rpm (Sorvall JA-14). The supernatant was evaporated
to a clear glassy residue. The residue was reQisébived in
50% ethanol and spotted on to sheets of Whatman 3 MM paper for
HVE at pH 6.5. The bésic and neutral zones were purified by
electrophoresis at pH 2.1. i |

The amino acid composition of the neutral componént .
differed from that of native Myxosidin in one respect. As
discussed later, an amino acid (designated.X-2) of Myxosidin
is converted to another amino acid (designated X-3) on
_prolonged acid hydrolysis. Hydrolysaﬁesfof neutral Myiosidin
had higher X-3 contents than those of native Myxosidin. A
small amount of an acidic tripeptide was also recovered.
(g) Derivatives for Mass Spectroscopy - ¥~r

(i) Acetylation

The dr{ed peptide was dissolved in an excess of

1:4 (v/v) acetic anhydride: methanol and allowed to stand |

for 3 houré at room temperature in a tube sealed with

parafilm. The solvent was removed by evaporation in vacuo

at 40°.
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(ii) Trifluoroacetylation

91

Trifluoroacetylation was accomplished by dissolving

the peptide in 0.5 ml of trifluoroacetic acid anhydride (TFAA)

and allowing it to stand for one hour before removal of the

solvent by evaporation under a stream of nltrogen 0f5)

Alternatively, peptides were treated with TFA:TFAA Lile (v/v)

at room temperature for one hour, according to the method of

Priddle, Rose and Offord.%6) .
(iii) Permethylation

> Permethylations were by the method of Morris et a

 and followed his subseguent recommendatlon for short reaction
tlmes.(ua) Sodlum hydride (Baker) was washed with anhydrous
ether (Malllnkrodt) and thoroughly dried. The basic reagent

solution was prepared by gently heating sodium hydride,
“50 mg/ml, in dimethylsulfoxide (Baker) in a sand bath

_maintained at 60°C until evolution of hydrogen ceased and

1. .(’4'7 )

a clear yellow solution was obtained. A ten-fold excess of this

_base was added to the dried residue of acetylated peptide
(between 1 to 10 micromoles) followed by 0.3 ml of methyl

iodide. One minute after addition of 3L the reaction

mixture was diluted with water and extracted with 1 ml of

chloroform. The chloroform extract was washed twice with

watefeand evaporated to dryness in vacuo at 40°C,
v . ‘
{(iv) Hydrazinolysis .
Hydrazinolysis of arginyl containing peptides was

by method of Morris, Dickenson and Williamsf'mgl




Hydrazine: water (l:l v/v) was added to the peptide in
test tube. The mixture was heated for 15 min at ?590.
the end gﬁhtﬁé reaétiqn period fhe contents of the tube were
diluted with wateér. The é&sgents were removed in a heate
vacuum desiccator. The residue was dried in vacuo.
(v) Sample Volatilization

Samples weré vaporized from a variable-temperature,
difecﬁ insertion probe for electron-impact ionization in a
DuPont 90 high resolution mass spectrometer at 70 electron -
volts. Data was collected on photbgraphicnchart paper with
single ion focussing. In an attempt to increase sensitivity,
.a Photographic plate recording was made with the instrument
in the Mattauch-Herzog éeometry. This method focusses and
records all ions simultaneously, and is‘sometimes more
sgnsitive for short-lived ioﬁs.

(vi) Derivatives for Gas Chromatographic Mass Spectroscopy
(GCMS) -

A sample of Myxosidin was hjdrolyzed in 6 N HCl af
118°C for 18 hours. The hydrolyéate was dried in a heated
vacuum desiccator. The residue and samples of amiﬁo acid
standards were reacted with TFAA and n-Butanol to form
N-TFA, n-butyl ester amino acids which can be readily
separated by gas'chromatography. Column materials and

elution procedures were as in SWmmons et al.(50)




93
'(h) Amino Acid Syntheses
(1)/e*Hydroxyaspart1c Acid
Hydroxyaspartlc acid, 2-amino-3- hydroxybutanedlolc
acid, was prepared as a mixture of its four optical isomers
by the method of Okai, Imamura, and Izumya.(51) Maleic acid
I (29g), was added to a sQiztion of 20 g of NaOH and 12.9
ml of bromine in 1 litre of distilled water. The mixture
was allowed to stand overnight af room temperature. To the
reaction mixture, 50 ml of 10 N NaOH was added, followed by
2?5Lm1_of 1M BaClz. A dense, white precipitate of barium
transepoxysuccinate dihydraté (II) formed.
- Product IT (18 g air-dried) was suspended in 1 litre
of concentrated aqueous ammonia containing 43.7 g of (NHQ) Sou
ngzhlxture was allowed to stand for 4 days at 40%. At
the end of the incubation period, precipitated barium sulfate ..
was removed by filtration. The filtrate contained D, L-
erythro-g-hydroxyaspartic acid (III} and D, L-threo-A-
" hydroxyaspartic acid (IV), The filtrate was evaporated to
dryﬂgss and tﬁe?residue was recrystallized from water to yield
l.2§ g.of.;V (12%) as an ammonium salt. The mother liquor
was evapofated to dryness and the residue recrystallized
from water-methanol to yield 2.35 g of III {26%).
The ammoniuii salt of IV was applied to a column of
Dowex 1 (OH™ form). Thew;oiumn was washed with water, in order

-to remove ammonium ions, and was eluted with 2 N acetic acid.
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The ¢luate was evaporated to d?yness in a rotary evaporator
to yield 1.01 g of IV (11%). The synthesis is illustrated
Schematically in fig. 20. ' '

(ii) A-phenylserine

- The compound, 2-amino- 3-hydroxy- 3-phenylpropan01c
acid orjﬂ-phenylserlne. was synthesized accordlng to the
method of e ~Erlenmeyer .62 ) The procedure was as
follows: 3.0 g of glycine (Analar) and 2.4 g of NaOH in
10 ml of water were chilled to 159. Benzaldehyde (8.5 g) «
was added with vigorous stirring. 'One hour later, 5.0 ml
of concentrated HC1l was added dropwise with stirring. After
standing 2 hours at SOC. the precipitate was removed by
filtration. The precipitate was recrystallized from water
to obtain threo-D, Ljﬂ—phenylserine. The filtrate was heated
to boiling with an equal volume of dioxane. Upon cooling,
erythro-D, L—;Lphenylserine—dioxane addition product
precipifated. This product was decomposed in hot water to
yield the crystalline erythro diastereomer upon cooling.

(iii) «-phenylserine .

The compound, 2-amino—2-phenyi—3-hydroxypropanoic
acid or «-phenylserine, was synthesized by tﬂe method of
Henze and Cr‘aig.(53 ) Phenacyl acetate (V), 2.0 g, was
dissolved in 25 ml of 80% aqueous ethanol together with
1.0 é of KCN and 4 ¢ Of(NH@EOB. The reaction-mixture was
, diluted with 3 volumes of water and 1.7 g of 4-phenyl-2-

&

oxazdlidone-4-carboxamide (80%), VI, was recovered
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SYNTHESIS OF D,L-ERYTHRO D,L-THREOQO
HYDROXYASPARTZC ACIDS
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(178-9°¢ obs. \, 187-8° 1it.)) This amide was hydrolyzed in
6 N HCl to its correspondlng carboxylic acid, 4-phenyl-2-
oxazolidone-4-carboxylic aéid, or under stronger conditions
VI was hydrolyzed fo 2-amino-3-hydroxy-2-phenylpropanoic
acid (viI). The latter crystallized from aqueous solution
as long, flne. white needles. ”The synthesis is illustrated

Schematlcally in fig. 21. A
(1) Determihationsiof D and L Amino Acids .

The method;of Manning and Moore 5% ) was used to
determine the confi%uration of the «-carbons of amino acid
residue obtained frgm hydrolysates of Myxosidin. Standards
were prepared from samples of D and L amin; acids as follows:
zo/amoles-of amino acid was weighed into a test tube and
dissolved in 2.0 ml of 0.45 M borate buffer pH 10.2. The
buffer was prepared by dissolving 13.9 g of boric acid in
497 ml of water and adjusting to PH 10.20 with 50% aqueous
NaOH: The amino acid solution was cooled to 0°C in an
ice-bath. A 10 to 20% excess 'of L-leucyl-N-carboxyanhydride
(L-leu-NCA) was welghed out and added to the contents of the
test tube with vigorous agitation By a Vortex mixer.

After 2 min, 0.8 ml of 1 N HC1l was added to stop the reaction.
IThe final pH was 1 to 3 as estimated by pH paper. Cloudy
samples were filtered prior to use as standards on the

amino acid analyzer.

A sample of Myxosidin was hydrolyzed in 6 N HCl at

B
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110°C for 18 hours and was reacted with L-leu-NCA as described
above. The 0.32 N pH 5.25 buffer (Beckman) was diluted to
0.2 N (pH 5.42) and was mixed l:i with the pH 4.25 buffer
for a buffer pH of 4.84, 0.2 N sodium citrate. The analyzer
was operated exac%ly as before except that pH 4.05, 0.2 N
sodium citrate buffer was the first buffer;h followed by
pH 4.84, 0.2 N sodium citrate as the second. With this system
the staﬁdards.eluted at the following volumes: threonine
(60 ml), serine (66 ml), L-leucyl-D threonine (149 ml),
L-leucyl-L-threonine (162 ml), L-leucyl-D-serine (133 ml),
L-leucyl-L-serine (176 ml), and leucine at 131 .ml.

Hydrolysates of Myxosij‘.ﬁ were digestéd with L-amino
(55)

acid oxidase and D-amino acid oxiddse. A sodium
pyrophosphate buffer of pH 8.2 was prepared as follows:
2.23 g of Na4P207.10H20 was dissolved in distilled water
and made up to 25 ml; 23 ml of 0.1 N HC1 was added and
final pH adjustment was made with 0.1.N HCl. Tris buffer
of pH 7.7 was made from 0.606 g of tris (hydroxymethyl)
aminomethane (Sigma) dissolved in distilled water and made
up to 25 ml; 30 ml of 0.1 N HC1l was added and final pH
adjﬁétment was made with 0.1 N HC1.

A solution of 1 ml of Myxosidin hydrolysate, 1 ml
of pyrophosphate buffer, 10/;1 of a solution of catalase,
5041 of a 10 mg/ml solution of 4-NADH, and 10 sl of a

5 mg/ml solution of D-amino and oxidase (DAO) were mixed
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together in a small vial. A second reaction mixture contained
1 nl of hydrolysate, 1 ml of Tris buffer, 10 xl of a 10
mg/ml solution oi:“peroxidase and 100 x1 of a 1 mg/ml solution
.of Leamino acid oxldase (LAQ)Qi Blanks contalned each of the
above components except 10 x1 of distilled water for DAO
instead. of the D-oxidase solution and loo/al of water for
LAOQ instead of the L-oxidase solution.

The vials were incubated at 37°C for 18 and 48 hours and
were slowly rotated on an inclined axis to promote oxygen
exchaﬁge. At the end of the incubation period the contents
of each vial were evaporated to dryness and redlssolved in
dlstllled water prior to amino acid analysis.

D. RESULTS
(a2) Hexose Analysis of Myxosidin

A sample of Myxosidin was tested for the Presence
of hexoses and pentoses by the phenol-sulfuric acid method
described in Chapter II. Hexosgs and pentoses are degraded
to furfural and related compounds wﬁen treated with strong
acids. The breakdown products formed can combine with such
reagents as phenol to give coloured addition complexes.r A
positive result for this test does not necessarily imply
the presence of,carbohydrates'since other classes of compounds
may yield products with a similar absorption, but a negative
result virtually rules out their presence. |

No'carbohydrate could be detected in Myxosidih by

this method. The lower limit, set by the sensitivity of the
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analysis, was a carbohydrate content, by weight, of-.less than
3%.
{(b) Amino Acid Anal&sis e

(1) Initial Results

Myxosidin, obtained as described in Chapter III,

yielded a mixture of 1l ninhydrin positive compounds when
hydrolyzed in 6 N HC1 at 110°C. These are listed in Table
6 which gives the results ‘for an individual analyéis of a 24
hour hydrolysate. Threonine, serine, glycine, valine, iso-
‘leucine, leucine, and arginine accounted for 7 of them; in a i
24 hour hydrolysate, their molar ratios were approximately
3:3:3:i:2:9:3. respectively. Twb other major components were
designated X-la and X-2. The amino acid X-la eluted well
ahead of aspartic acid; if its colour yield factor were %aken
to be the same as that of threonine, then its molar ratio ' /
TN

of threonine. Component X-2 eluted as-a shoulder at the leading i

in a 24 hour hydrolysate was approximately the same as that

edge of the glycine peak when conventional buffers were used
in the analyzer. It was eluted as a separatétpeak when the
buffers were made up with the addition’of 0.5% benzyl ‘alcohol.
If its colour yield factor were taken to be the same as that
of threonine, then its molar ratio in 24 hour hydrolysates,
" was also aproximately the same as that of threbnine.
-The tenth component, designated X-1b, was eluted

after X-la but before aspartic acid. It was a minor ¢omponent
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in 24 hour hydroljsates but increaged in amount with increasing
duration of hydrolysis. The increase in X-1b was accompanied
by a decrease in X-la. In a 72 hour hy@polysate. X-la and |
X-1b were present in apprbximately equal amounts. This is
illustrated in fig. 22 . If the colour yield factor of X-1b
were taken to be the same as that of  threonine, then the molar
ratio of the sum (X-la + X-1lb) remained approximately constant
for various durations of hydrolysis. - '(i)

The remaining component of Myxosidin hydrolysates,
designated X-3, was eluted after glycine and before valine
with conventional citrate buffers. Its elution volume was
reduced wﬁen the citrate buffers were made up with the addition
of 0.5% benzyl alcohol. However, it was still eluted between
glycine and valine. Component X-3 was a minor constituent
of 24 hour hydrolysétes but it increased in amount with
increasing duration of hydrolysis, although not as guickly as
did component X-1lb. The increase in peak area of X-3 was
accompanied by a decrease in the peak area of X-2, as shown
in Table 7 . In a 72 hour hydroiysate. the area of X-3.was
about half that of X-2. If the colour yield factor of X-3
were taken to be the same as that of threonine, then the
molar ratio of the sum (X-2 + X-3) remained constant for

various durations of hydrolysis.

A sample of the hydrolysate of Myxosidin was run
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FIGURE 22
MYXOSIDIN: ANALYSES OF THERMOLABILE COMPONENTS

Samples were hydrolyzed in 6N HCl at 110°C for the
times indicated; 24 hour hydrolysates were observed
to have only a small amount of component X-lb,
extended hydrolysis times led to 1ncreas:|.ng amounts
of X-1b and decreasing amounts of X-la.
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TABLE 7

PEAK AREAS OF X-2 AND X-3 AS A FUNCTION
~ OF CONDITIONS OF HYDROLYSIS

TIME (HOURS ) COUNT COUNT RATIO
(x-2) + (X-3) GLY GLY: (X-2) + (X-3)
P
12% _176161' + 32364 257081 1.2
18 ~232193 + 32166 283022 1.1 '
24 116346 + 13566 140572 . 1.1
72 87063 + 44916 177062 (B 1.3
Samples were hydrolyzed in 6N HCl at 110°¢ N

for the times indicated. Conditions for
amino acid analyses were as for Table 6

e ————— e
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at pH 6.5 on the high voltage els€trophoresis apparatus; The
components were thus separated into acidie, neutral, and
basic zones. The acidic zone was found to contain X-la and
X-1b and had a ﬁobility with respect to aspartic acid of 0.93.
The ninhydrin-stéin of the acidic zone was brigﬁt orange,
easily distinguished from the pink colouration of the aspartic
acid standard. The neutral zone contained threonine, serine,
X-2, glycine, X-3, valine, isoleucine, and leucine. The
basic zone.éontained arginine.

(1i) Identification of X>la and X-1b . Y

The compounds X-la and X-1b are strongly acidic'g;ind
acids as indicated by their elution wvolumes in the émino’acid
analyzer and by their_electrophbretié mobilities on paper at
pH 6.5. The observation that extended acid hydrolysis seemed
toeconvert X-la into X-1b led to tie speéﬁ&;tion that they
may be a diastereomeric pair. It was suspécted that X-1la
éné;x—lb were the threo and erythro diastereomers of‘p—hédroxy—
aspartic acid. The two diastereomers were therefore Synthesiied
for comparison with_x-la and X-1b obtained from hydrolysates
of Myxosidin by electrophofesisp

Hydroxyaspartic acid (both threo and erythro) and
X-la had the same electrophoretic mobilities at pH 6.5
(RAsp= 0.93). As shown in fig. 23., dansyl X-la had the same
mobility"in the two solvents as dans&l-hyéroxyaspartic acids,
although the chromatograms did not unequi;pcally distinguish

between the diastereomers. Similarly X-la had the same
H .
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‘COMPARISON OF DANSYLATED HYDROXYASPARTIC ACID AND

X-la ISOLATED FROM &N HCI HYDROLYSATES

Solvents as for Figure 19.
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mobility as the hydroxyaspartic acids on descending chromato-
graphy in BAWP (butanol-acetic acid-water;pyridine'60:lé=48:40),‘
RLeu= 0.31, although again the threo and erythro forms were

not separable. It was noted that when stained iﬁ_a cadmium-
ninhydrin bath, zones from the hydroxyaspartic acidé“and from
X-la progressed through colour changgs'fromlorénge to brp&n

in an idéntical fashion.

The two diastereomers were clearly. separated by
ion-exchange chromatography in the amino acid analyzer. The
elution volumes, are shown in Table 6 for the products of a
M&xosidiﬁ hydrolysate. This table includes the data for
X-la and X-1lb. By comparison with synthetic standards, it
was determined that X-la had the same elution volume as
iﬁggg—hydroxyaspartic acid. The erythro diastereomer was
found to have the same elution voiume as X-1b. It‘was
concluded that X-la and X-1b were %hé fhreo and erythro
diastereomers of hydroxyaspartic acids respecyively. and that
the threo isomer was present in the peptide prior to hydrolysis.

(iii) Identification of X-2 and X-3

The peak which represented the unknown amino acid
sz,'bverlapped the glycine peak‘when amino acid analysis
was carried out with O.é N citrate buffer, pH 3.25. Addition
‘of benzyl alcohol to the buffer (0.5%), shifted the X-2 and
X-3 peaks by reducing their elution volumes and coémpletely
resolved the former from glycine. Benzyl alcohol is a

reagent which is known to shift selectively the positions of
- )

i
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(56)

aromatic amino acids on ion-exchange columns. As mentioned-
im the introduction to this chapter, an aromatic compound was
indicated by nmr and U-V spectra of Myxosidin. It was
suspected therefore, /that X-2 and X-j_wéreraromatic amino
acids. | )

% Micromolar.amounts of component X-2 were isolated
from 18 hour acid hydrolysates of?Myxosidiﬁ as follows.
The hydrolysate was fractionated f;rsj by high voltage paper
;lectrophoresis at pH 6.5. The Aeutral Zone was sewn onto
a SecqndﬁSheet of paper for desceﬁdihé chromatography in BAWP
solveﬁt.- This separation gave 4 zonés‘composedqof (a2) glycine .
and serine, (b) threonine, (c) X-2 aﬁd valine, and (d) iso-
leucine and leucine. 2Zone (c) was then refractionated twice
by high ¥voltage eiectrophoresis at pH 2.1 in order to separate
X-2 fme valine. This procedure provided the reference
samples usedfor MS and GCMS analyses.,

Figurézk shows the gas chromatogrém for the N-tri-
flMoroacetyl, n-butyl ester derivatives of amino acids present
in an 18 hour hydrolysate of Myxosidin. The elution time of
peak 8 matched that of the X-2 standard. The mass spec%rum
of peak 8 is shown in fig. 25 . The important features of
this sbectrum are the ion at 333 mass units, representing
a molecular ion or .possibly the-molecular ion with a loss

of one or two hydrogens,a common loss from amino. acid and

peptide derivatives in MS , and the ion at 107 mass units,



FIGURE 24

GAS CHROMATOGRAM OF N-TFA, n-BUTYL
DERIVATIVES OF MYXOSIDIN HYDROLYSATE

Peaks were identified by comparison with
standards and with literature values ag:

(1) dehydroalanine; (2) valine; (3) glycine;
(4) isoleucine; (5) leucine; (6) threonine;

(7) serine; (8) X-2; (9) phenylserine (X-3);
(10) ?; (11) hydroxyaspartic acid; (12) hydroxy-
aspartic acid; (13) ?. The unidentified peaks
appeared to be related to Hya. The column used
was a six foot, 4 mm (id) glass column, packed
with Tabsorb. The sample was injected at an
oven temp. of 100°C, held 2 min and increased
to 2200C at 47C/min. The carrier gas was He

at 60 ml/min.

110
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FIGURE 24

1
1
2



—~

00¢

a8/uw

05 00c 061 '

oS

1
ECE

-

JIVSATOYQAH NIQISOXAW J0O S¥31S3 1ALNE-Y "Vil-N 40 SW/D9

N

GZ auNHIL

8 XV3Id

0¢

(0) 4

09

08

‘BoUDpUNqQyY 3AND|3Y



. 113

a possible C?H7O+,ion or C?H9N+ iern, both indid;tingi;;ométic
compound. A molecular ion of 333 implies a molecular

weight fbr the free amino acid of 179 %o 181 daltons.

These figures are obtained by deducting the weight of the
N-TFA group and the n-butyl group (97 and 57 mass units
respectively) and adding 2 hydrogens. The 13c nmr
.épectrum of the aromatic group of Myxosidin showed that

it was a six-membered carbon fing with five of the carbons

attached to hydrogen atoms. A search of formula lists
: /

" showed that'thelmolegular formula C.H, NO was very

, 971173
;//,”likely to be the formula of X-2.

The U-V spectrum of Myxosidin is shown in fig. 26.
The absorption spectrum between 240 and 270 nm indicated
the presence o; an_aromatic chromophore of the phenyl type. .
The model compound, benzene, for example, absorbs in the
region of 180 to 210 nm, and in the 250‘%0 255 nm region.
Absorption in these two bands is common to all benzenoid
compounds. They are termed the E band and B band of the
chromophore, SESPectively. Typically the molar extinction

2 to 107, and that of the E band

of the B band is 10
2 to 6 x 107, These points are illustrated by'the U-v
spectrum of the amino acid g-phenylserine shown

in fig. 27. The B bana pattern is evident from

240 to 270nm. Fine structure is apparent in

ﬂ
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this region with local maxima occuring at 251,.262 and 266 nm.
The B-band xmax is aﬁ 257 nm. The molar extinction of this
model compound in methanol at the B band kmax was found to

be 175 1/cm-mele. The E band of the chromophore in
Myxosidin .is obscured bx‘the strong absorption of the peptide
bonds below 240 nm. The B band pattern can be seen and some
fine structure is apparent. The peak at 257 nm represents the

A

assumed that this absorption pattern was due to the side

nax of the B band of Myxosidin's chromophore. It was

chain of the X-2 residue. The local maxima at 262 and 266

nm are characteristic of a monosubstijuted benzenoid compound.
The molar extinction coefficient was calculated to be 204
1/cm-mole at 257 nm. This calculation is based on a
molecular weight estimate for Myxosidin of 1.14 x 103
daltons. The estimate of molecular weight is derived .from
evidence presented in the_next section of this chaﬁter. The
absorption spectra of‘x—zrand X-3 were not determined as

the émounts'of these two amino acids purified from Myxosidin
hydrolysates were insufficient for U~V spectroscopy by
methods available to the author.

The B band of the absorption spectrum of Myxosidin

has two significant features. Firstly, the value of xmax
257 nm 1s close to that of benzene and typical of a phenyl
group which is not substituted by an hydroxyl or other

electron~donating group. As a contrast, tyrosine, for
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example, has a phenolic hydrexyl and an absorption spectrum

with xmax= 278nm for the B band. Secondly, the value of the
molar extinction coefficient at xmax is only 204 1/cm-mole for
Myxosidin. Hydroxyl-substituted aromatic chromophores have
much higher extinction coefficients, in the range of 7 x lO2
to 3 x 107 1/cm-mole.

i The foregoing evidence suggesis that X-2 has an
unsubstituted phenyl group. The elution volume on -the amino
acid analyzer also suggests that X-2 is considerably more
polar than phenylalanine. The molecular formula of X-2
inferred from GCMS data led to the speculation that X-2
might contain a hydroxyl group on either its « or g-carbon.
Amino acids with the molecular formula 09H11N03 and which
fit the above clues are illustrated in fig. 28 . The amino

acid «-phenylserine. and the two g@-phenylserines were

synthesized by methods found in the literature.

| Thq.éhiﬁo acid X-3, which is formed from X-2 on
prolongea acid hydrolysis, was found to match the A4-phenyl-
éérines in the following respects: the location on paper
chromatograms after development in BAWP solvent (RLeu= 0.74);
the elution. volumes in the amino acid analyzer before and
after the addition:of benzyl alcohol to: the buffers
( ?05m1 and 193 ml, respectively); location of dansyl

derivatives on polyamide thin layers following development
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FIGURE 28

AROMATIC HYDROXY o-AMINO ACIDS OF

THE MOLECULAR FORMULA C9H11NO3

Assymetric centers are indicated as c”™
A-Phenylserine has two assymetric.
centers, and exists as a set of four
optical isomers; = -phenylserine has
one assymetric center. -

L
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. 2-amino-3-hydroxy-3-phenylpropanoic acid
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' 2-amino-2-phenyl-3-hydroxypropanoic acid
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in two dimensions with solvents 1 and 2. It was concluded
" that X-3 was either threo-g-phenylserine, erythr - A-phenyl-
.aerine. or a mixture of both. None of the above separat;on
methods resolved the - two diastereomers unequivocally. Thﬁs.
extended acid treatment of X-2 resulted in its partial
conversion to A-phenylserine.
' The unknown amino écid X-2 was easily distinguished
from the f-phenylserines by all the criteria listed above. .
The amino acid «-phenylserine was synthesized and compared
to X-2. The following results were found for <-phenylserine:
the electrophoretic mobility at pH 2.1 was RArg= 0.48
(RArg= 0.57 for X-2); ~the location on paper chromatograms

after development in BAWP solvent was R = 0.86 (R

Leu Leu 0.82
for X-2); elution volumes before and after the addition of
benzyl alcohol to the buffers of the amino acid analyzer
were 182 ml and 166 ml (the corresponding volumes for X-2
were 172 ml and 160 ml)}. Furthermore dansyl derivatives of
X-2 and of «-phenylserine were separable by two dimensional
polyamide thin layer chromatography in solvents 1 anq 2.
Clearly X-2 is not «phenylserine. The.remaining possibility in
fig. 28 is «-hydroxyphenylalanine, a geminal amino alcohol which
cannot exist as a free compound at room temperature.

A purified sample of ,X-2 isolated from hydrolysates
of Myxosidin was used to obtain the mass spectrum shown in

fig. 29. This spectrum was obtaimed without derivatization

of X-2 to the usual ethyl ester. Amino acids are not very
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‘atoms between 179 and 181 showed that C_H
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!
volatile and they usually do not have a well defined melting

point since fhey tend to décompose on heating. If a free

amino acid is heated quickly to 250°C in the sample probe,

it will rapidly decompose or pyrolyse. However, a sufficient

amount of the compound may vaporizé into the source chamber

and if the detecting equipment is sensitivé enough a spectrum

cdn be recorded.

| In the spectrum shown for X-2, the most important

features are: the ion at 179, identified as the moleculafxzbn

missing two hydrogens; and three ions at 133, 135 and 137 which

were identified as amine fragments; and the ion at 107 identified

as.the C?H?Of ion or C?H9Nt{“ghdicating'an aromatic compound.
 The mass spectra of amino acids are often missing

the molecular ion, represented symbolically as M., since by

interaction with other molecules on.the ﬁrobe. or by internal

reactions, one or two hydrogen atoms may be abstracted. The

ion at 179 was recognized ‘as implying a molecular ion of mass
P :

. 181 because, from other specfral data, a minimum of 8 carbons,

8 hydrogens, two oxygens, and one nitrogen were required.

A computer listing of all possible molecular formulae for CHNB

9 llNO3 at 181 daltons

was the most likely formula for X-2. Thus the ion at m/e 179

.was the MY-2H ion of X-2.

Amino acids tend to fragment initially in such a

fashion as to-reggip charge on the amino group. Cleavage of

——

)
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the molecule at the ,carbon-carbon bond and the resulting
elmmlnatlon of. neutral molecules such as 002. HCOz, and

2CO forms a ser1es<of ions referred to as amine

fragments The series seen, in the spectrum of X-2 at 133,
135, and 137 seem3 to be of this type. The formation of amine

fragments from amino acids is illustrated in fig. 30.
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I -HC O3 ;
HoN—=CH+ COOH — +,C
: ‘ NH, H
¢ .
L - L J
Molecular ion Amine fragment

PIGURE 30

FORNATION OF AMINE FRAGMENTS:
MAGS OPECTROSCOPY OF AMINO ACIDS

124



125

The cyclic peptide ergotamine, illustrated in fig.
31, contains the unusual amino acid residue 2-amino-2-hydroxy-—
propanoic acid. This x-hydroxy-«-amino acid is not stable
as a free amino acid at room temperature. Acid hydrolysis
of the peptide releases an «-keto acid, pyruvic acid, and

ammonia. In the peptide it is stabilized by covalent bonds

e el

to each of its three functional groups. An analogous
aromatic compound with a phenyl group on carbon 3 may

be considered as a possibility for the structure of the
aromatic residue of Myxosidin if its three functional
groups are covalently bonded as in the ergotamine structure.
However, it cannot be considered as a possibility for X-2,
as 1isolated from acid hjdrolysates. Sincé it would appear
as phenylpyruvic acid and ammonia. Phenylpyruvic acid

is only weakly reactive with ninhydrin. The ammonia
content of Myxosidin hydrolysates was not examined in

a systematic manner.

In addition to the g-amino acids of fig. 32, similar

geminal amino alcohol structures could be considered for

the aromatic residue as existing in the intact peptide.

They are subject to the same restrictions as the above mentioned

compound (the «-hydroxy-«-amino acid residue of ergotamine) and

cannot be considered as possibilities for X-2 of hydrolysates.
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o{~Hydroxy-x-aminopropionic

) . L= Proline residye
acid residue

1

]

\ CH3

1
Lysergic acid — CO:NH(I'. ~0-
oc ——N co

L-Phenylalanine residue

FIGURE 31
MOLECULAR STRUCTURE OF ERG OTAMINE
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x
H=C—NH, -

HO—CtCOOH
!
H

2~hydroxy-3-amino-3-phenylpropanoic- acid

H
H C-'Nf42

HO—C=COOH

%

2-hydroxy-2-phenyl-3-aminopropanoic acid
FIGURE 32

AROMATIC HYDROXY A-AMINOQ ACIDS

OF THE MOILECULAR FORMULA 09H11N03

Note: C” denotes an assymetric carbon.

L
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Two further structuresmay be drawn (fig.32) which

fulfil the requiréments for X-2. These are 2-hydroxy~3-amino'

-2-phenylpropanoic acid.and 2-hydroxy-2-phenyl-3-am ino-

propanoic acid. Both are g-amino acids. The former has ’

two assymetric centers and thus would exist as a set of
four optical isomers. The 1§Pter has -only one‘assymetric
center. A ﬁ-amino acid is generally less polar than its
corresponding «-amino acid and this is reflected in their
relative ordér of elution from amino acid analyzers. For
. example, g-alanine is eluted from the ioﬂ-éxchange column
of the analyzer well after alanine. The unknown X-2

is eluted from the analyzer before both o-phenylserine
and the g-phenylserines, an indication that it is a more

polar compound than these x-amino acids.

e
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(iv) Amino Acid' Composition of M yxosidin

Some amino acids, espgcially serine and threonine,
are partially destroyed by acid hydrolysis. In order to
establish a true ratio’ of these amino acids a timed series
of hydrolyses of a peptide or protein are made. The data in
Table 8 for the labilé compounds were determined at an early
stage in this investigation, before conditions were available
for separating glycine and X-2 on/Zhe amino acid analyzer.

It is evident that serine and nydroxyaSPartic acid are
released from the peptide extremely quickly. After 12 hours
of hydrolysis at 110°C in 6 N HCl the ratio for these
thermolabile components reached near integral values: Thr,
Ser, Hya, (Gly + X-2) being 3:3:3:6 respectively.

The thermostable amino acids of Myxosidin are shdwn
in Table 9. The data for arginine is incomplé&e. ‘The ratios
. found for these components were: Thr, Arg, Val, Ile, and Leu
313:1:12:9 respectively. As pointed out previously, erythro-A-

hydroxyaspartic acid and ﬂ-phenylserine were found to be
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TADLE 8

ANINO ACID ANALYSES OT THERMOLAEILE COMPONENTS
OF MYXO3IDIN AFTER BRIEF PERIODS OF HYDROLYSIS

COMPONENT COMPOSITION AFIER HYDROLYSIS FOR

15min 1 hr 2 hr 3 hr & hr 12 hr

THREONI NE 0.13 0.86 1.49 2.17 2.48 3.00
SERINE .0.99 2.37 2.64 3.03 2.95 3.00
HYDROXYASFARTIC ACID 0.79 2.28 2.64 2.97 2.99 3.08
GLYCINE + X-2 - 0.43 1.61 2.65 -  3.30 5.98

Figures are expressed as a ratio of threonine =
300 residues at 12 hr; the colour constants of
‘hydroxyaspartic acid and - X-2 - .-
were assumed to be equal to that of "t:hregnine;

hydrolysis conditions were 6N HCl at 110°C

o

L

fy




TABLE 9

AMINO ACID ANALYSES OF THERMOSTABiE COMPONENTS
OF MYXOSIDIN UPON EXTENDED HYDROLYSIS

131

COMPOSITION AFTER HYDROLYSIS FOR

COMPONENT

24 hr 48 hr 72 hr
THREONINE 2.83 - -
ARGININE 2.66 - -
VALINE 0.85 1.20 0,91
ISOLEUCINE 1.92 2.02 1.72
LEUCINE 9.00 9.00 9.00

Figures are expressed as a ratlo of leuc1ne =
9.00 residues at 24 hr. :
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artefacts of the hydrolysis conditions. They were.derived
from threo-hydroxyaspartic acid and X-2,

their forms as present in native Myxosidin.

It was concluded that Myxosidin had the following
aqino acid composition relative to valine, its least abundant
residue: threonine (3), serine (3) glycine (3) valine .(1),
isoleucine (2), leucine (9), arginine (3), and threo-hydroxy-
aspartic acid + erythro-hydroxyaspartic acid (3),

X-2, N: + ﬂ-phenylserine (3).

The above result is consistent with the hypotheses that
Myxosidin is a single peptide of 30 residues With a rétio of
leucine to valine of 9:1, or that it is a mixture of two
kinds of decapeptide, one with a ratio of leucine to valine'
of 3:1. the other with a ratio of leucine to isoleucine‘of
3:1. 1If the isoleucine-containing peptide were designated
Myxosidin A and tﬁe valine-containing peptide were designated
Myxosidin B, then a ratio of two peptides of type A to one of
type B would be consistent with the amino acid ratios of \J’/
Myxosidin. The choice between.decapeptidgs or 30-membered
peptides can be made by a determination of molecular weight.

‘-

(c) Molecular Weight

i The molecular‘welght of Myx051d1n was determined by
gel filtration column chromatography and by high voltage
paper electrophoresis.

The data for column chromatography of Myxosidin on

e e e e e i oo o mn e gmeemea s e 1 o At
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Sephadex G50 superfine gelare shown in fig.33. The partition
coefficient, Kav was plotted against Log10 of the molecular .
welght for standards of Table 10and for Myxosidin. A linear
relationship was assumed and a straight line was drawn by

eye through the experimental points. The dashed lines
represent an apprdximate graphical interpretation of ,the error
in measurements. The buffer used had a high concentration

of guanidine-hydrochloride (4.5 M) in order to prevent
adsorption of Myxosidin to the gel. The molecular weilght

found for Myxosidin by this technique was 1.07 x 104

3

x 10~ daltons. This is within the range expected for a

+ 0.24

decapeptide.

Table 1lgives estimates of molecular weights from
electrophoretic data. The estimates were made from Offord's
nomographs relating electrophoretic mobilities at pH 6.5
and 2.1 to the net charge and molecular weight of a peptlde
The relationships are totally emplrlcal and are based on the
distribution of a large number of different peptides. 63 )
'In the case of Myxosidin at pH 6.5, a net charge of +1 is
" assumed. The'alkaline treated péptide was neutral at pH .6.5.
~Both forms were assumed to have a net charge of +1 at pH 2.1.
The set of values derived for molgcular weight based on these
assumptions is consistent with the estimate from column
chromatography. The 51gn1flcance of the net charges on
Myx051d1n is discussed in a later sectlon

It was apparent that the data for the molecular weight
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. Myxosidin
. Peptide B |
. Oxidized Insulin A Chain
. Oxidized Insulin B8 Chain
. Peptide A )

" Ango0O

By

2.5

3.0

3.5

l.<:|g”‘_J MOLECULAR WEIGHT

ESTIMATION OF MOLECULAR WEIGHT OF MYXOSIDIN ON SEPHADEX G-50
! FIGURE 33 -



TABLE 10

STANDARDS FOR DETERMINATION OF MYXOSIDIN'S
MOLECULAR WEIGHT BY COLUMN CHROMATOGRAPHY

~

-;l3.5"

MOLECULAR WEIGHT RESIDUES

* STANDARD

. (DALTONS)

BOVINE SERUM ALBUMIN 67,000
OXIDIZED BOVINE INSULIN B CHAIN 3573 30
f3-LYTIC PEPTIDE A 3326 32
" OXIDIZED BOVINE INSULIN A CHAIN 2684 21
f-LYTIC PEPTIDE B | 1282 21
A -LYTIC PEPTIDE C 522 12
181 1

&>

" TYROSINE

;7

P i

A-Lytic peptides
from cyanogen bro
.'Jﬁ%iyﬁic protease.

A,B and C were ali derived
T£%3 cleavage of the enzyme
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y TABLE 11
MOLECULAR WEIGHT OF MYXOSIDIN

METHOD MOLECULAR WEIGHT
COLUMN CHROMATOGRAPHY 1072 + 235
HVE pH 6.5 1250 + 150
HVE pH 2.1 o 856 + 160
HVE pH 2.1 ALKALINE TREATED 1015 + 174

CALCULATED FROM AMINO ACID COMPOLITION 1147

Column chromatography was on Jephadex G50
resin (see fig.33); HVE results are cstimates
based on the nomographs of Offord (63) and
assume a net charge of +1 at pH 6.5 for the
native peptide, +1 at pH 2.1, and +72 at pH 2.1
for the alkaline treated peptide.
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of Myxosidin wereconsiutent w}th the hypotheuls that the
antibio)ic is.a mixture of two kindu of decapeptide, possibly
“homologous .n ucqu;nco. The amlno acid composition: of the
two aresr  Leu (3), Ser (1), Thr (1), Hya (1), Gly (1),

Ile (1), X-2 (1), and Arg (1) for Myxouidin Ay and Leu (3M5
ser (1), Thr (1), Hya (1), Gly (1) val (1) X-2™ (1), and

Arg (1) for nyosidin B.  The numbers in brackets indicate
the number of moles of reuzduo per mole of peptide. If two

iuo leucine-containing pepgihés. Myxosidin A, were present for

cach valine-containing peptide, Myxosidin B, then the leucine:

isoleucine: valine ratio would be 9:2:1. ~This was the ratio
found for acid hydrolysates of Myxosidin. "he value of

molecular weight calculated from amino acid composition
Fiven in table 9 uses 18) daltons as the molecular weight
of the amino acid X-2 and iz the number-average arithmetic
mean of the molecular weights of the two forms of Myxosidin.
(d) N-Terminal Sequence by Edman Degradations

The result of three subtractive Edman cycles is
illustrated in Table 12 . After the first cycle, the leucine'
to valine ratio (9:1) had dropped to 6:1. After the second
cycle the ratio had dropped to 3:1. Three or more cycLJ-
the Edman reactions did not lead to conclusive results. The
third residue appeafed to be resistant to further subtractive

Edman degradation. The loss of three N-terminal leucined.

Supporis the hypothesis that Myxosidin is a mixture of two
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""" CONIDTin dhnIf S AR SUCaTnInT
":, .zun 0 (.nﬁu..!.LLIOiu'.:

SIGIOPR IR COWTOSINION Ardad

1l cycle I cycleo o eyceles

o 3.2 -?.gj?% 2.7

; 3.0 3.oj 3.0

PO, 2.6 SRy 2.3 R
sLy o+ X-2 6.2 5.5 5.0

VL 0.82 C.86 0.90

1L ‘r2.0 1.7 1.7 ,
LU &.2 3.1 2.7

LT - - 2.8

Results are expressed as a ratio_of h; amount
of threonine in each sample with thregnine =
3.00 residues; the degradation was!| stopped after
two cycles, the third and subsequent cycles were
not conclusive.
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decapeptides, the N-terminal sequence of both decapeptides
being H -Leu-Leu.

The dansyl Edman method gave the same result as
above. The'N-terminal sequence of two leucyl residues was
detected, but after the third and sgcceeding cycles, no
further dansyl amino acid derivatives were noted.

As discussed previously, treatment of Myxosidin
with cpld barium hydroxide resulted in a product, designated
"neutral Myxosidin" which gave hydrolysates with higher X-3
content gﬁ-phénylserine) than native Myxosidin. Table 13
shows the results of three subtractive Edman cycles on this
product. ' The analysis prior to treatment
illustrates the high ﬁ—phenylserine: X-2
ratio. After thelfirst two cycles, three residués of leucine
were lost in each. At the third cycle all of the g-phenyl-
serine was removed although X-2 was
unaffected,. tThis result showed that the third residue of the
sequence was the aromatic amino acid. In the native peptide
the" third residue is resistant to Edman degradation. In
neutral Myxosidin, the third residue is partially removed
by the subtractive Edman procedure indicating an N-tefminal
sequence of H -Leu-Leu- X-2 {PheSer).

(e) C-Terminal Tritiation
The method of Matsuo ez;al.«y&) was used in an attempt

to determine the C-terminal re

;dﬁe of Myxosidin. In this
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TABLE 13

ALKALINE-TREATED (NZUTRAL) MY:{O3IDIN:
ANATYIES AFTER 3UCCE3ISIVE TDMAN DEGRADATIONS

1
40

‘COMPONENT ' ' COMPOSITICN AFTIR
0 1 cycle 2 cycles 3 cycles

iy 2.9 3.5 2.0 2.0
THR 2.6 2.9 2.7 2.4
SER 2.8 2.5 2.9 2.5
X-2 2.1 2.7 2.0 1.8
GLY 3.0 3.0 3.0 3.0
PheSer 1.1 0.76 0.97 %
VAL 0.88 1.2 0.97 0.92
ILT 1.4 1 1.3 1.1
LEU 8.5 7.4 2.6 2.3
ARG

2‘5 R - - -

Results are expressed as a ratio of the amount
of glycine in each sample with glycine = 3.00
residues. Samples were hydrolyzed in 6 N HCl
at 110°C for 18 hours.
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procedure the hydrogen atom of the x-carbon of the (-terminal

residue is substituted with tritium. The peptide is hydro-
lyzed and the radioactively labeled amino acid is identified.

The hydrolysate was divided into two portions. One
was treated with dansyl chloride and separated on polyamide

sheets by ascending chromatography in chloroform-methanol-

‘glacial acetic acid (95:5:1) as shown in fig.ju . The zonés
wegE's;raped from the plastic suppoft and their radioactivity
was measured by liquid scintillation counting (LSC). A
second portion was fractionated by HVE at pH 6.5 which
separated the amino acids into écidic (hydroxyaspartic acid),
baséc:TEFETﬁTne?, and neutral zones. Hya and Arg could be
eluted directly from the paper with 25% ethanol 2% acetic ,
acid and counted by L3C.

The distribution of radioactivity found for the
dansyl aminp/gcids of native Myxosidin is shown in Table 14
A certaiﬁ amount of non-specific labeling was expected(ss)
and each zone had some Eackground radioactivity. The levels
of the dansyl-hydroxyaspartic acid (Dns-Hya) and dansyl-
arginine (Dns-Arg) zones are clearly well above the
background. As can be seen from the chromatogram shown in
fig. 34, the Dns-Arg zone is at the origin and Dns-Hya is
only slightly ahead of it. There is,}herefore. a poséibility
that the'activitylppgsent in the'arginine zone is due f§§
tailiﬁg of the Dns-Hya zone or to partial retention of

Dns-Hya in the Dns-Arg zone as an ion-pair between the



142

FIGURE 34

PREPARATIVE CHROMATOGRAM OF DANSYL
DERIVATIVES OF C-TERMINAL TRITIUM -
-LABELIED MYXOSIDIN

The mixture was spotted on a polyamide thin
layer and separated by ascending chromatography
in solvent¥; zones numbered 1 through ik

"were outlined and scraped from the plastic

support for measurement of radioactivity.
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FIGUﬁE' 34

PREPARATIVE CHROMATOGRAM OF DANSYL DERIVATIVES
OF C-TERMINAL TRITIUM LABELLED MYXOQOSIDIN
_ 4 '
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TABLE 14

DISTRIBUTION OF RADIOCACTIVITY IN DANSYL DERIVATIVES
OF C-TERMINAL LABELLED MYXOSIDIN

ZONE ' COUNTS COUNTS SCR

. cpm A cpm B (A/B)
1 Dns-Arg : 679 1372 495
2 Dns-Hya 900 . 1805 498
3 Dns-0H . 190 384 Lol
I K 223 b7 498
5 Dns-Ser cage 201 4ok 497
6 Dns-Thr - 166 326 . 509
7 ] 134 257 .519
8 Dns-X-2 186 34l 541
9 Dns-Gly . 242 475 . 509
10 ‘ 376 752 499
11 Dns-Ile .- 119 222 .536
12 Dns-Val 104 189 .549
13 Dns-Leu 99 181 545
14 Dns-NH,, 99 188 524

Blank 26 38 © .693

Samples were counted for ten minutes each on an

Isocap 300 liquid scintillation counter. Channel A

was 0.5 to 3.6 keV lower and upper limits respectively:
channel B was 0.5 to 18 keV lower and upper limits
respectively. The approxigate maximum counting
efficiency for unquenched “H samples was 60% in channel
B. Comparison of the arithmetic mean of the SCR for
the above:samples (0.51l5 + 0.018) with a standard
ElOt showed that these samples were counted at about

3% efficiency. Thus the presence of dansyl compounds
caused considerable quenching of the tritium label.
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extremely acidic ansyl~h¥9pquaéggrf?g&?cid‘and'the strongly
“padic dﬂnsyl—arginine. The higﬁ°foltage electrophoretic
separation of Arg and Hya asofree amlno ac1ds was aimed to
ellélnate this uncertalnty. JThe resuLts were as follows: thé'

a
Hya zone was found to have "28.1 net cpm/nanomole, the Arg | .
zone was found to have b,o net cpm/nanomole, that is, the -
activity of Arg was at the backgrqund level. The ratio'?f :
Hya to Arg activity was about 7:1. If the total radfoaqtivity
of the Dns-Arg and Dns-Hya zones of the dansyl derivatives
is compared t6 the background levels of the neutral amino
acids it is found to be in approximétely a ratio of 7:1.

Thus the only residue iaBeLed in native Myxosidin
was hydroxyaspartic acid. However. dicarboxylic acids such
F@ aspartic and glutamic acids are known to be labeled by
this technique whether or not they are C-terminal. (65) The
evidence presented in the next section on sequence showed-
that Hya-Ser and Gly-Hya-Ser peptides could be isolated
from Myxosidin digests., Ciearly Hya is not a C-terminal
residue, thus no residue could be identified as C-terminal
in native Myxosidin by this technique.
(£) Peptldes Obtalned from Digests of Myxosidin

Several attempts were made to digest Myxosidin with
proteolytic enzymes. The enzymes employed were: pepsin
(Nutritional Biochem.), 70 }g/ml in 2% formic acid, pH 2.10:
A-lytic protease, 70 »g/ml in.0.1 M pyridine acetaté buffer,
pH 6.4; pronase (Cal. Biochem.), ?efg/ml.in 0.1 M pyridine
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acetate buffer, pH 6.91; thermolysiﬁ (Cal. Biochem.), 70
\/pg/ml in 0.1 M pyridine acetate-0.,002 M CaClz. pH 6.69;
papain (Nutritional Biochem.), 6¥/g/ml in 0,05 M Trié+d.005
M mercaptoethanol-0.002 M EDTA-0.005 cysteine-HCL, pH 8.00;
léucine amino péptidase (Worthington), ?5//g/ml in 0.05 M
Tris, pH 7.50; carboxypeptidases A and B (Sigma), 50 pg/ml
of A, 75 pg/ml of B, in 0.05 M Tris, pH 7.50. The substrate,
Myxosidin, Qas incubated for 2 hours in the above enzyme
solutions. The antibiotic was found to be very resistant
to enzymic attack as evidénced by retention of antibiotic
activity and by the lack of other peptides or free amino
acids when checked by HVE at pH 6.5 and pH 2.1.

Peptide antibiotics are often found to be resistant
to the enzymes used‘for sequencing.(sé) The approach to
Sequencing such bacterial peptides is to produce peptlde

' fragments by means of various chemical digests. Three such
procedures were used to digest Myxosidin. These were: (a)
brief aéid hydrolysis in 6 N HCl for 5 min at 100°C; (b) cold
alkaline hydrolysis in 0.327 M Ba(OH)2 for 60 hours at 0°c;
and {c) mild.acid hydrolysis in 0.03 N for 24 hours at 110°C.
These methods and the peptides obtained from each are shown
in Table 15. In general, such chemica% digests are less
specific than enzymic diggstg. The peptide is cleaved into
many different fragments with ai!,w abundance of each type.
An exception is dilute acid hydrolysis which can be very

. : . . ) (6
specific for cleavage at aspartic acid re31dues.( 7)

£y
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TABLE 15 < - '

.. 5 ) ’ . . .‘
LPEPTIDES FROM CHEMICAL - .
- DIGESTS OF MYXOSID_I_PT

R l - -2 .
(a) 6 NHCL . 100° 5 min -
P
TREATMENTS:  (b) 0.327 M Ba(OH),  0°C . 60 hours
" (¢) 0.03 N HC1 © 110% ;24 hours
(r |
T . =
PEPTIDE B 5 SEQUENCE
a-1 and c-1 ' : | : c E;a-gg; .
St . ; » lio l.o
)
a-2 %_ﬂ?-'l?r-m
4 ® 0.7°0.9 1.0
a-3 . m-m—ﬁ;
0.6 0.9 1.0
_— —
- Ser-—
a-i P58
v-1 Gly-Hya-Ser
1.0 0.8 1.0
—_— —» ' Ile .
c-2 Leu-Leu-( X-2, Vval, Thr, Gly, Leu, Arg)
Ile
c-3 Leu-Teu-( X-2, Val, Thr, Gly, Arg)
Model: Leu-Leu- .X-z-(%ii)—Thr—Gly-Hya-Ser-Leu—Arg

Arrows denote sequence from N-terminus’
by Edman degradation; subscript

numbers are molar ratios. The ratios

of peptides C-2 and C-3 are explained in

the text.
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As shown in Tablel5., brief acid hydrolysates

yielded the two neutral fripepﬁides. a-2 and a-3, Ile-Thr-
Gly and Val-ThrfGly fespectively. These peptides complete

the evidence that Myxosidin‘is_agmixture of tﬁo homologous
ﬁecapepfides with one,vaiiﬁe'and one isoleucine in correspond-
ing locations in their éequghéeéj Although the above pair of
peptides could ﬁg séparated by descending BAWP chromatography,
the two types of Myxosidin, A (with Ile) and B (with Val)
would differ by only one CH2 group and are very likely to be
virtually inseparable. The neutral peptide, é;b, seryl-
leuéine. was also recovered from brief acid hydrolysates. -
The acidic dipeptide hydroxyaspartyl-serine (a-l1 or c-1)

was recovered from both brief acid hydrolysates and from

dilﬁte acid hydrolysates. The acidic tripeptide from cold

" alkaline treatments, b-1, was found to be Gly-Hya-Ser. These

peptides establish the sequence of Myxosidin thraugh six
residues as Ile-Thr—Gly-Hya-Ser—Leu and Val-Thr-Gly-Hya-
Ser-Leu. |

The dilute acid hydrolysis of Myxosidin led to a

very specific cleavage compared to brief acid treatments in

6 N HCl. The hydrolysate was fractionated first by HVE at
PH 6.5 into four zones: two basic éoﬁgs, a neutral zone, and
an acidic zone. Ea&h of these was rerun at pH 2.1 and except
for the neutral zone each found to be homogenous. The acidic
zone containéd the dipeptide Hya-Ser which was removed from

Myxosidin quite selectiwely.
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P A study of the time course of this reaction~showed
that at 24 hours 95.7% of the total hydroxyéSpartiéuécid and .\
93.7% of the total serine was released from foosidin. At l
36‘hours 97 .5% of the Hya.and 100.8% of the éerine was |
reieaé%d. Some free glycine and.free threonine .appeared
at 36 hours. The neu&ral zone of preparative scale dilutel
acid hydrolysates was found to ébntain small amounts of
.free glycine and threonine.

Two large basic peptides were recovered from dilute
aéid diéests, peptides c-2 and c-3. Peptide 9-2 had an HVE
ﬁ;biiity with respect to arginine of 0.61. Following acid
hydrolysis its composition was found to be: Leu(5.9),

x-2 {1.7), Ile(1,7), val(0.9), Thr(2.3), Giy(3.0), Arg(3.4),

“when expressed in terms of glycine= 3.0 moles of residue.

Thus one leucine ghd the dipeptide Hya-Ser were missing from

the sequence. About one fhird of the X-2 residues appeare?

as PheSer in hy@rolysates of %his peptide. Peptige c-3 had 12 ‘

an HVE mobility with respect to arginine of 0440. Its amino |

acid composition was found to be: Leu(10.1), X-2 (3.0},

Ile(2.0), Vai(lol). Thr{2.9), Gly(3.0}, Afg(jfs). This was

equivalent to.Mqusidin. missing thg/ﬁga—Serzdipeptide. Very

~1little Ph;Ser was found in hydrolysates of this basic ‘

peptide. As with - the native peptide subtractiﬁ? Edman Zi
: e

degradations of these pgptides stopped after two cycles

and indicated N-terminal Leu-Leu sequenctes.
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Pe;;ides c-2 and c-3, lacking the dipeptide Hya-Ser,
suggest that Myxosidin has a cyclic structure in which the -
hydroxyl group of either X-2 or Thr is esterified by the
carboxyl group of either Leu or Arg. ¥

‘The lack of readily separable small basic peptides
in the various chemical digests of Myxosidin leaves the
assignment of arginine to the sequence ambiguous--it
could bé at residue 4, giving the sequence - H-Leu-Leu-
X-2 ';Arg—Ile(Val)-Thr~G1y-Hja—Ser—Leu with leucine in pesition
ten forming a lactone ring, or alternatively, the arginine
residue éould be at position ten of the sequence,

H-Leu-Leu- X-2 -Ile(Val)-Thr-Gly-Hya-Ser-Leu-Arg- ,

with the carboxyl group of Arg in a lactone ring. The
ambiguity might have been resolved by identification of the
C-terminal residue of the "neutral Myxosidin", obtained
by treatment of Myxoéidin with cold alkali. However, a
- C-terminal tritiation of "neutral Myxosidin" failed to
give a conclusive result--neither arginine nor leucine were
labelled above the rather high level of non-specific
labelling of other components. It shoﬁié be noted that
C-terminal amino acids vary in their relative reactivities
towards C-terminal tritium labelling. Arginine is an amino
acid which is labelled less efficiently than most other C-
terminal residues. The ambiguity regarding the arginine
location-was resolved by mass spectroscopy. |

The IR spectrum of Myxosidin, a portion of which_
is shown in the appendix, has an absorbtion peak at 1750 em™t

indicating a lactone carbonyl.

¢

A
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(g) Mass Spegtroscopy of Mykosidin Derivatives

] .- Myxosidin was converted to derivatives suitable for
mass spegtroscopy by a séquence of three reactions. The
first was*N-acylation to eifher the N-acetyl or N-trifluoro-
acetyl derivative. 1In the case of Myxosidin the N-terminal
leucine residue is the only target for this reaction. The
Second feactién was permethylation. The technique used in
peptide chemistry is based on a reaction from carbohydrate
chemistry, developed by Hékamori,(6a) to methylaté hydroxyl
groups. As applied to peptides, the reaction results in all
hydrogens of the'peptidé bonds being replaced by methyls, all
hydroxyls, carboxyls, amides, and other reactive side-chain
groups, being metﬁylated. Arginine-containing peptidés such
as Myxosidin, tend to be insufficiently volatile for a good
mass specirum even after permethylation. A third reaction
was used in order to improve the spectrum of'Myxosidin. Prior
to the above two reactions a sample of thé peptide was reacted
with hydrazine to convert arginyl residues to ornithyl
residues.

The'goal df”these reactions is to improve the
volatility of peptides. N—acylation'of amino groups pfevents
the formation of quaternary amonium‘éélts. The permethylation
reaction is believed to redqce the strength“and‘number of
interchain, non-covalent bonds between molecules of the

(69) .

derivative. The first step of the péréfthylation reaction
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is production of an exfreme;y powerful basg, CHB—SO-Cqu, by
mixing NaH and dimethylsulfoxide. Any hydrogens on a peptide
with a slightly acidic nature will be removed by this base.
The second step is reaction with thg methylatlng reagent,

-methyl iodide, which forms N-methyl, O-methyl, and O-methyl J
ester bonds with the peptide. The resulting permethyl—
‘Lpeptide is much more volatile than a native peptidé. |
. Permethylated peptides tend to fragmenf infoié series

of ions known as seguence ions. These ions are of the

following general type:.

R1 )
CHz—C—N— —CH-C=0
Cfig
o Ry @ R2
CH3=C—R— CH— C—N—CH—C=0*  ete.
CH3\ - CH3 '

Thg mass difference betﬁeen each succeésive ion is
charactefistic of a particular amino acid residue. The
N-terminal residue is seen at the low mass end of the
spectrum. 'Cleavages'within the amino acid side chain may
occur, resulting in non-sequence ions, which are difficult
to interpret. Occaséionally charge is retained on the

nitrogen side of the permethylated bond resulting in a
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I
Sequence of ions with the C-terminal residue at the low

mass range:

CH
o P
H—ﬁ%——$f+—c\
+
H—N—CH-—~C—N—CH—C
N " TocH Y
H Rn--] © Rn 3. el
The SPecf;um of N—aéetylated, permethylated Myxosidin
is shown in fig.35.. The N-terminal amino acid residue was -~

—
N-acetylleucine at 170 mass units. The loss of 28 mass units

(CO) from the N-terminal residue was observed, m/e 142. The

peak at 297 yepresented an N-terminal seqdenée,of Leu-Leu. ;'
The peak at 488\mass units indicated that the third residue

had a mass of 191 units.

« "._.. The third residue appeared to be "X-27,.
The peak at 456, a loss of CHBOH. indicated that the third
residue contained an hydroxyl group in its side-chain.

Elimination of methanol is observed for tyrosine, threonine

and serine.(70) The peak at 581, a mass difference of 93



FIGURE 35

MASS SPECTRUM OF N-ACETYLATED,
PERMETHYLATED MYXOSIDIN
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units, does not correspond to a complete amino acid résidué,
but must arise from fragmentation within the side-chain of
j}he fourth residue of the sequence (note that glycine has

an expected mass difference of 71 units and even if "over-
methylated", or é—methylated to form alanine its mass
difference would be 83 units). It was concluded that éhe
N-terminal sequence of Myxosidin was ieu-Leu-"X—z", and that
"X-2" was an amino acid, aromatic, with an hydroxyl group, .
and with a molecular weight of 181. The molecular weight
was arrived at by deducting 30 units (two methyl graups)
from fhe mass of the  third residue, and adding 20 units
(two hydrogens on the nitrogen atom,'éne hydrogen to form
the hydro#yl. and one OH gréup to complete the carboxyl)

for the molecularweight of a free amino acid.

An improved mass spectrum of Myxosidin was obtained
by treatment of the peptide with hydrazine to convert
arginine residues to orgiéhine. The ornithyl-Myxosidin
derivative was treated with trifluorbacetic acid anhydride
in order to acylate theiN—terminal amino of the peptide.

The §-amino group of orﬁithine was trifluorodacetylated
at the same time. Finally, the peptide derivative was
permethylated. The fate of the original arginyl
residues is illustrated in the 'following scheme of

reactions:
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p
.*.
NH, NH
/ 8
\\(|: |
NH Hy NNH, | hNH2 TFA ANHYDRIDE
GH2 5 CH2 _ >
i
2 2
------ N—éH—q--“---- ------N—CH—(E;)------
| | |
H o) H
ARGINYL . ORNITHYL
CFCO H CFRCO CHg
y e Y
%HZ NaH/CH3éCH3 (l:Hz' ‘
H > CH
Ens CHal Eny
Ha 2 _{OCH5 IF C- TERM.)
------ N—CH—( ------ ------hll—(L.H—.ﬁI------
H O - CHz O :
NE-TFA - ORN . N¥C H3)-TFA-N{CH3)-ORN

DERIVA:TIZATION OF ARG PEPTIDES FOR MS
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The mass spectrum obtained for this defivative is
shown in fig. 36-. The N-terminal leucine appeared as
N-trifluorocacetyl leucine at 224 mass units. The loss of
28 units from 224 (peak at 196) represented elimination of
CO from the N-terminal residue. The peak at 351 indicated
the sequence Leu-Leu. The peak at 542 represented "X-2" in
the third position, as before, with a loss of 32 units
indicating an hydroxyl as a functional group. The peaks at
653 and 667 represented-.valine and éither leucine or iso-
leucine. 1In view of the evidence of tripeptides with'}he
sequence Val-Thr-Gly and I%e-Thr-Gly, it seemed reasonable
to assign the N-terminal sequence of H -Leu-Leu-"X-2"-Tle and

H -Leu-Leu-"X-2"-Val on the basis of this mass spectrum.
The composition of this series of ions is indicated
schematically in fig. 37.

The spectrum also contained evidence of a C-termimal
sequence beginning with the peak‘'at 180 mass units. The
series of peaks at 180, 307, 422, .are consistent with the
sequence Ser-Leu-Orn (-91). A reaction scheme illustrating
this fragmentation pattern is shown in fig. 38+

Thus'a complete model of the sequence of Myxosidin
A and B may be proposed: he
'H_-Peu—Leu-x-z -Ile-Thr-Gly-Hya-Ser-Leu-Arg- for Myxosidin
A; and H -Leu-Leu- X-2 -Val-Thr-Gly-Hya-Ser-Leu-Arg- for

Myxosidin B.



FIGURE 36

MASS SPECTRUM OF N-TRIFLUOROACETYLATED,
PERMETHYLATED, HYDRAZINOLYZED MYXOSIDIN
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N-terminal Leucyl "LEU X=2 . ILE"
224 351 542 667
I A
CH CH3 1 CH3 ,CH3! (OCH;3 :
(|:H | C|H 1 CéHS :CHS/CH2CH3
1 | .
0 CHy ! CHp 1 CHa ) CH o
“ ' I - [ ' ~-
CF3—C—N—~CH——%iﬂT—CH—E+¥—Q-ﬂ9+T—CH—C=O
H O 1 CHs O !CHs H} ' CHy
3 4 \ ' I
i ! !
1
: y : 653
! I
\ : ! : CH\3/CH3
I ! , { ?H
l .
! R 'N— CH—C=0
! 1
: ! | VAL

FIGURE 37

. N-TERMINAL FRAGMENTATION OF N-TFA,
PERMETHYLATED HYDRAZINOLYZED MYXOSIDIN
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C-TERMINAL FRAGMENTATION OF N-TFA,

PERMETHYLATED, HYDRAZINOLYZED MYXOSIDIN
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(h) Chromic Acid Oxidation of Myxosidin

4

Myxosidin was oxidized with chromium trioxide
following the method empioyed b&-Sheehan-et al.(71) Amino acid
‘ residues with ﬂydroxyl groups'involved in ester links survive
chromic acid oxidation, whereas amino acid residues with free
hydroxyls are destroyed. By this ‘technique it should be
pessible to identify the residue among the four hydroxy-
amino acids of Myxosidin which ie linked by an ester bond to
the C-terminal carboxyi of the peptide. ol
Ten mllllgrams of Myxosidin wes dissolved in 0.30
ml of gla01al acetic acid containing 10 mg of CrO3 and
10 ﬂl of pyridine. After standing overnlght at room
temperature 5. 0 ml of absolute ethanol was added and the
mixture was evaporated to dryness, redissolved in 6 N HC1,
hydrolyzed and analyzed for free amino ac1ds.

-

The result is shown in Table 16. The chromium tri-

[
-

oxide treatment destroyed hydgoxyaspartié{ae}d;fthredninp..ﬁ;ﬂﬂ
serine, and X-2.  The only h&&roxYI-containing‘amino acid; .
which survived was. X-3 (;-phenyleerine); This day'indicate
that the aromatic residue X-2 is profected‘in the native
peptide.' Some of the other amino acids were also affected

by the oxidation.
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TABLE 16

CHROMIC ACID OXIDATION OF MYXOSIDIN

r 4

AMINO ACID - | BEFORE OXIDATION . AFTER OXIDATION

(nanomoleq/zsqﬂl) (nandmolea/zsgpl)
‘ t~-Hya 77.9 - ‘Trace
Thr- 80.2 Trace
Ser ' 81.4 _ Trace
X-2 71.1 " . Trace
cly 86.4 67.3
PheSer - 15.7 18.8
val |  19.7 22.7
Ile N 60.4 49.3
, / Leu ' 278 : 167 e
, Arg ND ND
A
9 =%

L4

The figures above are given in nanomo¥es/250 sl

y' Before Oxidation", and of an hydrolysate of the
romic acid oxidized peptide: "After Oxidation"._

[ sample of a hydrolysate of the native peptide- {24hrs):

ace"” means less.than 1 nanomole/250 aud. o
Arginine was not determined (ND). The only hydroxyl
containing amino acid to survive the oxidation
was g -phenylserine which may imply that X-2 is
the residue involved in an ester link with the
C-terminal.
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(i) Determination of D and L-Amino Acids .

The amino acids of hydrolysates of Myxosidin were
.reacted with L-leucine N-carboxyanhydride (L-heu NCA) to
form i-leucyl dipeptide derivatives. These were compared
with.standard L-leucyl dipeptides on the amino acid analyzer.

The following L—leuc;i'dipeptides were ildentified
after reaction of L-Leu NCA with hydrolysates of Myxosidin:
L-Leu-L-Thr at 159 ml, L-Leu-L-Ser at 172 ml, L-LeusL-Val at

294 ml, L-Leu-L-Leu at 350 ml, L-Leu-D-Ley a% 39\ ml. Some

of the L-Leu-L-Leu dipeptide may have arisen from the L-Leu

NCA reagent itself, but the presence of both D and L-leucines
in Myxosidin was confirmed by oxidations withlamino'acid
oxidases. A sample eluted in 0.32 N sodium 6itrate buffer
showea the PreSence of both L-Leu-L-Arg and L-Leu-D-Arg.

‘ Table 17 illustrates the result of enzymic digests
of an acid hydrolysate of Myxosidin with L-amino acid oxidase
and D-amino acid oxidase. The stereocﬁemical assignments
which méy be inferreﬁ from+i¢hese data are: 3ﬁ£§g-L-hydroxy-
aspartic acid; L-isodleucine; two moles of L-leucine for each
mole of D-leucine. No conclusion was reached for the Arg or
OHPhe residues. The positions of the D and L-leucines have
not yet been determ&ned. The stefeoassignTents of the amino
acids of Myxosidin may be summarized aé; threo-L-Hya; L-Thr;
L-Ser; (?)- X-2; Gly; L-Val} L-Ile; “two L-Lei and one D-Leu;
(2)-Arg.’ |

m
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E. DISCUSSION

i

{ .
The antibiotic substance purified from filtrates

of Myxobacter 495 was shown to be a mixture of two cyclic

.ieptidés: Myxosidin A and My;osidin B. These differed in
_.the nature of the residue a§<position four of their sequences,
Ile.in A and VAl in B. Two peptides of Myxosidin A were
present for each one of Myxosidin B. The Seguence of
Myxosidin was determined b; a combination of methods,
iﬁcluding subtractive Edman degradations; chemical digests:
and mass spectroscopy. Two unusual amino ac;ds were
detected in hydrolysates; X-2 at

position three, and threo-hydroxyaspartic acid at position .
seven. Consideration of the chromic acid oxidation result,
'peptides iselated from chemical digests, saponification with

cold alkali, thelnet charge of the peptide at pH 6.5, and
the lack of a free C-terminal led to the conclusion that
Myxééidih\{ontains an ester link between the carboxyl group
of arginine in position ten and the hydroxyl of X-2

in position three of the sequence. A diagram
illustrating this model of the structure of Myxosidin is
shown in fig. 39. '

A schematic represeﬁtétion of the ionic étatés of
Myxosidin during electrophoresis at various pH values is
illustrated in fig. 40. At pH 6.5 Myxosidin'migrates
as a basic peptide with a net charge of + 1. At pH

2.1 the net charge is-approximately + 2, an estimate based

14

-
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Myxosidin A

H
|
Leu
l
L?u
Arg V?I
LLU Th{
Str Gly
/
. Hya

Myxosidin B
FIGURE 39
PROPOSED MOLECULAR STRUCTURE OF MYXOSIDIN
As isolated from culture filtrates of Myxobacter 495,

Myxosidin is a mixture of two moles of the A-type
for each mole of the B-type illustrated above.

-

g .



FIGURE 40
[ONIC STATES OF MYXOSIDIN

A. Myxosidin at pH6.5, €= +1

O Q

OH OH OH OH

o C OO @
N |
NH3 . ] ! [ ) Q
OH -OH OH. o
B. M yxosidin at p.H 2.1, €=+2
O : ®
® | ‘ - (IZOOH |
OH OH OH o
C. Alkaline -treated Myxosidin at pH.6.5 €=0
) \ (%ooe EF ]
OH" OH OH - OH
D. A.ikcline—\trecfed .Myxosidin at pH 2.1, €=+7
® | (I:'ooH @
‘~NH3 T | — I ‘COO_H
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on Offord's ﬁomographé.(63) THLS equilibrium, is illustrated
as parts A and B of the figure. Parts C and D are an
interpretation of the electrophoretic data for alkaline-
, treated Myxosidin.. This form of the peptide waé-neutral
at pH 6.5 and basic at pH 2.1. The observed electroﬁhoretié
behaviour of Myxosidin ié consistent with the proposed model
of its structure. |
5 The presence of two unusual amino acid residues in
\x__ﬁ;%gkyxosid;n was determined by spectroscopy and by analysis
" of Myxosidin hydrolysates. An unidentifidd aromatic
residue in the third positioni.x—z. created a problem in
the sequencing of Myxosidin. Dansyl E%man and sub-
tractive Edman reactions were stqpped after two cycles,
It appeafed as thgugh some ﬁroperty of the third residue
- was responsiblé. Evidence from the mass spectrum of a °
:‘ Myxosidin derivative indicated the presence of a
hydroxyl group in X-2. Chromic acid oxidation indicated
‘that the aromatic residue was spared to some extent. The
presence of a lactone bond involving the C7terminal
carboxyl of the peptide and the hydroxyl of the X-2 -
residﬁe could .account for failure of the Edmgn degradation.
It was found that "neutral" Myxosidin, failqd to undergo |

Edman degradation at the third cycle.
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The amlno acid L- threo—ﬂ hydroxyaspartlc acid was

also 1dent1f1ed in hydrolysates of Myx051d1n Hydroxy-

aspartic acid has been reported as a component .of bacterial

L 4

peptides.(?Z) It also appears ih the toxic mushroom peptlde.

phalloidin,as the D- -erythro-g-hydroxyaspartic acid

diastereomer,\/3) In this connection it is interesting to
note that Bodanszky and Perlman have proposed a "rule of

Epimerization" for amino acid residues of bacterial

(66

peptides. ) According to these authors the D-amino acid

residues of bacterial peptides arise as the-xesult of an

. <
epimerase reaction at the o«-carbon. Supporting evidence

comes from ; survey of 225 peptides of bacterial origin. |
The authors féund ﬁo examples of D-isoleucine or
D—threoniné (except for D-threonine'in telomycin, possibly
a mistaken assignment). On the other hand, examples of
D-alloisoleucine and D-allothreonine were identified. The
allo cdmpounds arise as the resulé\of inversion at the
e<-carbon. Formation of D-threonine would require inversion
at both the «carbon and‘the‘ﬁ—carb6n. The corresponding
amino acid for the residue observed in Myxosidin, assuming
epimerization at the «-carbon is D- -erythr Tﬂ hydroxy-
aspartic acid. Thus both members of this pair have Been
observed in néturgl,products, but neither”member of the
pair: L-erythro-g-hydroxyaspartic acid and D-threo- #-hydroxy-
aspartic acid have EEEn obsef?ed in peptides.

-
»

/“l
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Myxosidin may be described as an antiﬁiotic decapeptide
with an eight-membered lactone ring--where eight-membered
means éight amino acid residues (the actual nember of atoms
in the lactone of Myxosidin is 22). It appears to meet
Hook's definition as a member of the cyclodepsipeptides,
the category he calls the peptide lactones. These are
?Eséfibed as having a "1act§ne linkage thfough a hydroxy
‘amino acid...either totally comﬁ%sed of amino acids or
' having a hetero moiety attached outside the lactone ring."(74)
Fifteen exémples are cited, all from the Streptomycetes.
The same group of dntibiotic is named the "peptolides"
accordigg to the classification of Asselineau and Zalta.075)
These authors divide the polypeptide antibiotics into three
groups: "-- les antibiotiques polypeptidiques dont la
chaine principale ne contient Yue des liaisons amides;
-~les “peptolides', dans lesquels la chalne peptldlque est
ferméb par une liaison ester, créant ainsi un macrocycle
lactonique; --les '&épszpeptldes'. constitués par. un
enchainement alterné d'acides «-aminés et d'acides

o~hydroxylés. w(76)
The propertles of Myxosidin apsLar to fit wvery

well With the general charagterlstics of the "peptolide®
group. The peptolides are described as being "cyclisée
par formation d'une liéison ester entre le carboxyle de
l'acide aminé C-terminal’ et 1l'hydroxyle d'un acide amind’

hydroxylé présent du coté de l'extrém%té N-terminale.” (77 )

o
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The authors 1list nine antibiotics or antibiotic families,

all from the Streptomycetes. ‘This list is equivalent to'-

that of Hook for the peptide lactones. |
( - The peptolides‘ are also usually weakly basic and

all of them contain at least one aromatic residue. Myxosidin

shares these characteristics.

C
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CHAPTER V .

BIOLOGICAL PROPERTIES
A. OBJECTIVES

The study of the.biological properties of Myxosidin
had as objectivés: determination of suitable conditions for
biological assays by serial dilution and by disc assay
techniques: determination of minimal inhibitory concentration
(MIC); establishment of a spectrum of act1v1ty against a’
variety ‘of bacterla. fungl, yeasts, and streptomycetes;
determination of acute toxicity (LDSO) in mice;. and of
potential antitumor activity in mice.

The acute toﬁicity tests of Myxosidin were carried
out by Dr. D.R. Whitaker and Dr. A. Jackson at the Laboratory

Center for Disease Control, Tunney's Pasture, Ottawa. Tests

-for the acute tox101ty and antltumor act1v1ty of Myxosidin

were done at the Drug Evaluatlon Branch of the National
e

Cancer Institute, Bethesda, Maryland.

The above tests allow a preliminary assessment of

;the potentlal usefulness of a new antlblotlc Desirable

characterlstlcs are: a low minimal lnhlbltory concentration;

a low acute toxicity; and a useful spectrum of activity
towards‘diseasevcausing organisms. Many factors besides
these determine the eventual value of an antibiotic in wvivo,.

Of the hundreds of antibiotics reported in the llterature.

less than a dozen are of maJor Cllnlcal 1mportance
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B. MATERIALS
;Stock solutions of Myxosidin in 50% aqueous ethanol
" (1.05 mg/ml and 5.25 mg/ml) were used to make Myxosidin-
impregnated test discs with Whatman filter paper. The discs
were 6 mm in diameter and contained approximétel l’pg/disc
and 5 sg/disc of the antibiotic. Commercially available.
discs (Difco) were used for comparison: Streptomycin, 5/ug/disc;
Jtetracycline, 30/ug/disc; neomycin,,ﬁ/pg/disc; and nystatin
{mycostatin), 100 units/disc. e

Media (Difco) used for preparation of slants and
Petri plates weres: Plate Count Agar; Penassay medium
(Antibiotic Medium .1); Potato Dextrose Agar (PDAE:\ﬁnd
purified agar. FPlates- were poured in disposable 100 x 15 mm
Petri dishes (Fisher).l-Cultures were propagated on slants
iﬁ sterile screw—caped tubes.

The organisms'used for a survey of the spectrum of
activity of Myxosidih were obtained from Dr. E. A. Peterson
of the Chemistry and Biolog&'ResearCh Instifute. Canada
Department of!Agriculture. Ottawa. They compriséd 8 bacteria,
9 fungi, 3 yeésts. and 3 actihomygetés,_ For nbuti?e éssays
of the antibiofic strength of Myxosidin preparations,.the-

test organism was the strain of Sphaerotilus natans isolated

at the beginning of this investigation as a contaminant of

a culture 'of Myxobacter 495,
) Microscopic examinations were made with a Reichert

phase-contrast microscope, fitted with an o0il immersion objective.

"

Ay
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C. METHODS
(a) Cultures
acterla were propagated on slants of Penassay w
medium Fungl and yeasts were propagated on slants of
potato dextrose agar Cultures from solid media were
adapted to liquid media by subculturing at least twice
in l% casamino-1% glucose—o.l%lyeast extract'medium>

(b) Antibiotic Assays

(i) Disc assays
Plates for disc assays of antibiotics were composed
of two layers of agar prepared'as follows. A base layer
of approximately 20 ml of sterile platelcouht egar was |
poured into 100 x 15 mm petri dishes. Inocule from bacterial

cultures were prépared by addlng 2 ml of 0.9% sterlle sallne

"to a 24 hour slant culture. dlsper51ng with a loop. and adding

0.5 ml of the dispersion to 5.0 ml of melted, sterile Penassay

agar maintained at 53 C. The inoculum was immediately pOured
on top of a layer of plate count agar. Duplicate plates were

made from each slent.

The streptomycetes, fungi, and yeasts required a

"Jslightly modi fied procedure in order to get good suspensions

-

for preparation of inocula. After addition of saline to the

slants, the cultures were dispersed as well as possible with

a loop or hook and then transferred to sterlle screw-capped

-

culture tubes containing large glass beads. These were

shaken vigorously until all lumps were broken up. Duplicate

.t
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plates were prepared as above.

Antlblotlc discs were placed on the surface of the
plates with at least 20 mm between their edges. The plates
developed a carpet of cells afte; incubation for 24 hours
‘at 25°C (occasionally up to 48 hours fgr fungi) Zones
of inhibition, recognized as areas free of growth around
the disc, were measured to the nearest millimetre with a
ruler after 24 hours of ingubation. The discs were of 6 mm
diamefer;~ zones smaller than 7 mm in diameter were scored
as zero, that is, indicating no sensltivity to the antibiotic.

(ii) Assays by Serial Dilution

Routine assays of Myxosidin were carried out as

" described in Chapter II. For a survey of bacterial and

fungal sensitivity to Myxosidin, the-assay was modified as

follows. Each flask-sontained 5.0 ml of 1% casamino-1%

glucose-0.1% yeast extract mediumiof 0.1 ml of inoculum

%rom a 24 hour culture of the organism to be tested.

Myxosidin, in 0.1 ml of sterile distilled water, at three
doncentrations, was added to each flask. The‘fest was
carried out in duplicate. Blanks for each different organism
contaihed the same ingredients as above excepl that 6.1 ml

of sterile distilled water replaced the 0.1 ml of antibiotic

solition. Cultures were incubated at 25°C for 24 hours on

‘a rotary shaker describing a circle 1 inch in diameter at

130 rpm. The flasks were sScored in comparison with the

growth of their correspdnding blanks as negetive
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'(no sen51t1v1ty) if eng_\ln turbldlty;as marginal if
;apprec1ably less turbld than the control, and as p031t1ve

if growth was completely inhibi ted.

D. RESULES .
(a) Serlal Dilution Assays’of vaoslg%g ' N

A stock solutlon of Myx051d1n containing 1.05 mg/ml

of the pyrified antibiotic was tested against a variety.of
bvacteria) fungi, and streptomycetés as shown in Table 18.
This test'was done in duplicate. The results in duplicafe
sets were usgally jdentical but in two instances an organism
was‘completely inhibi;ed at a particular concentration in
one sef of flasks and not in the other at the same con-
centration. These were‘assiéned as "marginals"”. .

Sphaerotllus natans was found to be the most

sensitive organism. It was totally inhibited at a con-
centration of O.jh/ug/ml. The least sensitive bacteria

tested were Agrobacterium tumifaciens and Staphylococcus

aureus which were nhibited at O.BI/ug/ml but not at 0.17

’fg/ml. Thus, Spha{r. natans is a good choice for a test
FA N :

organism since it grows quickly to maximum turbidity -
(about 12 hours) and is sensitive to as little as 200
nanograms/ml of Myxosidin.

(b) Disc_Assays of Myxosidin

Tests and comparisons of Myxosidin's spectrum
of activity were done by the disc assay procedure which

is more easily managed with a large number of different



TABLE 18
SERIAL DILUTION ASSAYS OF MYXOSIDIN:
BACTERIA, FUNGI, AND ACTINOMYCETES

i
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" ORGANISM Myxosidin: wg/ml
4.2 0.81 0.17 0.03

o= BRI NIC S S W VI

e il i =
Twn o

. Streptbmyces griseus
. Streptomyces carneus
" Botrytis cinerea

Agrobacterium tumefaciens
Arthrobacter globiformis

Bacillus megaterium

Corynebacterium insidiosum -

- -
]
1

Pseudomonas phaseolicola

Staphylococcus aureus

Escherichia coli

Sphaerotilus natans

Streptomyces candidus

bd. B B¢ B Bd DE bd b4 B P4 D4
i
|
]

EL T - S
|
1

. Fusarium ogxisporum ' - - -

Gliocladium roseum i - - - -

-

Each flask contained 5.0 ml of 1% casamino-0.1%
yeast extract-1% glucose medium, 0.1 ml of
Anoculum, and 0.1 ml of MyXosidin solution. The
final .concentrations in - g/ml are indicated.
Flasks were scored as follows: X, no grdWthy

¥, marginal growth, not as turbid as the blank;
and -, growth equal to that of the blank.

-
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species of organisms and types of antibiotics. The bacteria

used in this tegt included examples of both gram positive

and gram negative spec1es.
The relationship between concentration of Myxosidin

and diameter of zones of inhibition of Sphaerotllus natans

is shown in fig.41 .\Zone diameter was found to be a
logarithmic function of the dilution of the inhibitor
solution in the range of about 10 mm ﬁiameterito 25 mf.
The spectrum of antibiotic activity of Myxosidin against
various species of bacteria is shown in Table 19. The
results of these disc assays correspond weﬁl with results

found by serial dilution assays. Sphaerotilus natans was

again found to be the most sensitive of the organiéms tested
and no bias towards gram positive or gram negétive organisms

was noted. , L - //
The result shown in Table 20 for a survey of the
/
same organisms w1th streptomycin, tetracycllne, and

neomy01n indicates that Arthrobacter globlformls and Sphaer.- ’//)
natans were the most sensitive of these bacteria to all four
antibiotics, including Myxosidin. It may als# be concluded
that Myxosidin had a comparable MIC for thése organisms _
as the three standards used for comparison.

In Table 21 antibiotic activity of Myxosidin tow':a-.rds.
actinomyqetes. fungit aﬁd yeasts is compared with activity

of tetracycline and nystatin for the same species. Myxosidin

was found to have no activity towards éhy of the fungi at tﬁe

r\/ . o
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DIAMMETER mm
INHIBITION ZONE

l |

r v ‘ 1.0 2.0

LOG;q - DILUTION 5

FIGURE 41 \-/ ",
_ INHIBITION ZONE DIAMETER AS A -'

FUNCTION OF DILUTION:
ANTIBIOTIC DISC ASSAY OF MYXOSIDIN

Ch
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'TABLE .19

INHIBITION ZONE DIAMETERS FOR BACTERIA:
DISC ASSAY OF MYXOSIDIN

ORGAyISM

Agrobacterium tumifaciens 13

Arthrobacter globiformis 17

Bacillus megaterium 13

Corynebacterium insidiosum 14

Pseudomonas phaseolicola 13

Staphylococcus aureus 12

Escherichia coli 12

Sphaerotilus natans- 18

;

s

Plates were in duplicate; results are given as
diameters of inhibition zones in mm =+
and are the arithmetic mean of two plates;
zero implies growth to the edge of the disc;
zZones were measured after 24 hours incubation
at 25°C; a blank disc was included on each
plate and showed no activity.

-
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TABLE 20

INHIBITION ZONE. DIAMETERS FOR BACFERIA:
DISC ASSAY OF STANDARD ANTIBIOYICS

’

-

ORGANISM ' Streptomycin Tetracycline Neomycin
. 5 /ug/disc 30/«g/disc 10./«g/diéu

Agrobacterium tumifaciens 10 L2 7
Arthrobacter globiformis _ 17 Lo .9 ?
Bacillus megateriﬁm _ 10 13 ‘ 7
Corynebacterium insidiosum 11 12 7
Pseudomonas ‘B)iaseolico_]_.g 10 14 7
Staphylococcus aureus 7 10 0
Escherichia coli ' 8 8 7
Sphaerotilus natans 14 30 12

The results shown are the arithmetic mean of
_two plates, the same plates,as those of
Table 19. : .

I~
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TABLE 21

" DISC ASSAY OF MYXOSIDIN:
INHIBITION ZONE DIAMETERS FOR
ACTINOMYCETES, FUNGI, AND YEASTS

e

A
ORGANISM } MYXOSIDIN TETRACYCLINE NYSTATIN
' 26 5.3 1.1 - 30 100
1. Streptomyces candidus 28 23 14 30 0
2. Streptomyces carneus 27 20 0 0 0
3. Streptomyces griseus 18 14 8 24 0
4. Botrytis cinerea 24 17 0 10 0
5. Fusarium oxisporum 23 18 11 ' 25 0
6. Gliocladium roseum 0 0 O 0 14
7. Cephalosporum acremonium 0 0 0 0 29
8. Ceratocystis ulmi 0 0 0 0 bl
9. Helminthosporum sativum 0 0o 0 0 50
_10. Aspergilius niger o o o0 0 30
“¥11, Paecilomyces marguandii 0 0 0 0 10
12. Gliomastix murorum 0 o 0" . 0, 23
13. Rhodotorula mucilaginosa 21 17 11 13 . 20
14. Saccharomyces cerevisiae 0 17
15. Sacch. carlsbergensis . 7 0 0 20

-

Conditions werq as for Table 19, except that

some of the slower-growing organisms were
incubated up to 4 days. Numbers 1 to 3 inclusive
are actinomycetes; 4 to 12 inclusive are fungi;
and 13 to 15 are yeasts. Amounts of Myxosidin
are pg/disc; Tetracycline is wg/disc; Nystatin or
Mycostatin is in units/disc. -
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ﬁighest levels tesfgg?fﬁ;;l of the streptomycetes were
inhibited by Myxosidin but only one of the yeasts. This

pattern of activity was duplicated by tetracycline, except

that no activity towards Strep. carneus was found. ® Nystatin

. was not inhibitory for any of the streptomycetes tested,

but all of the fungi and yeasts were found to be sensitive.
It was concluded that Myxosidin was not an anti-fungal agent,
but rather was more like tetracycline in its spettrum of
antimicrobial activity. Like tetracyclinb{/Myxosidin can
be described as a broad spectrum antibiotic,

A survey of activities against pathogenic organisms -
wés conducted by Dr. J.R. Dillon of the Antimicrobial Section,

.

Laboratory Centre for Disease Control, Canada, Department of

Health and, ‘lfare,jmunney's Pasture, Ottawa. Antibiotic
discs of M¥x981din were prepared at %-/g/disc and zijpg/disc
concentrations. -Sensitive org;nisms at these two levels
were all gram podsitive. They wef;: Streptococcl of types -
A, B, and D; S‘taphylococeci; and Bécillus sp. Correlation
with a gram positive spectrum is curious in that Sphaer.
natans, the host sensitive of the bactefia teéted in the
survey detailed in Tables 18, 19, and 20, is a gram negativé
bacterium. | ‘

Myxosidin was tested for heat stability és follows;
Six screw—cépped culture tubes, each containing 3 antibiotic
discs (BIFg/disc), were awtoclaved at 121°C, 15 psi. One

tube was removed énd coole fter 15 min, and one at each .
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of 1, 2, 3, 4, and 6 hours in the autoclave. The discs were

assayed on plates of Sphaer. natans as descrigégggﬁove.
The result is shown in fig. %2. The discs_retaifmd their
biological activiéy for up to four hours of heat treatment.

The above reSuit.'éndicatiﬂg-the excellent héat
stability of Myxosidin, is consistent with other observations.
For example, Myxosidiﬂ retains its activity as é dried
powder at room femperature for at least three months, and as
a powder stored in a freezer at -20°C for at least three years.

" (e) Minimal Inhibitory Concentration

. <0
The relative efficiency of antibiotics may be

Eompared-by a determination of their minimum inhibitbfy
coﬁcentratio MIC) defined'a: tﬁe lowest concentraf;bn at
which the antibiotic exerts its 1nh1b1tory actlon The
growth curves jllustrated in fig. 43set a range of conéén-

trations for the MIC of Myxosidin for Sphaerotilus natans

as a test organism. Low concentrations of the antibidtic,.
such as that illustrated fof a concentration of 0.08/ag/ml,
had rela!ﬁvely little effect on the rate of increase during
log-phase growth but gave appreciably lower turbidities at
the end of 24 hours. The gr;wth curﬁe for the intermediate
concentratlon of 0. 3/pg/ml show$s a distinct lag-phase, of

<;aboqt six hours in this instance. ThlS concentration
appears to be at the lower limit of inhibitory effect for
these experimental conditions. At 1.6 ug/ml the test

cultures were completely inhibited. Microscopic examination

~
—

L]




14

DIAMETER mm

ZONE

)

| | . | |

HEAT STABILITY OF MYXOSIDIN

I
1 2 3 4 5
TIME IN AUTOCLAVE (hours)
- FIGURE l“sz.r

187




- —
2} N o

ABSORBANCE at 660 nm
N

=+ 188

control

0.08 pg/ml
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.

h

—» 1.6 pg/iml

6 12 18
TIME (hours) .

: : FIGURE /43

} . A
MINIMAL INHIBITORY CONCENTRATION OF
MYXOSIDIN TOWARDS Sphaerotilus natans

’ )
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of fhese‘cultures showed that apparently int.ct cells from
the inoculum fere stlll present; there were rlo indication
- of lysis.” It was concluded that the MIC for Myxosidin .

| pe/ml

an antibiotic

against Sphaer. patans at 26°C lies between 0.

and 1. 6)#g/ml It is a desirable property T
to have a low MIC since when used 1n v1vo here are obv1ous
advantages in being able to reach effective inhibitory
levelg 2t low concentrations. The MIC for Myxosidin is
ro&ghly comﬁarablé'to that of tetracycliné and qphér we;l

known antibiotics.

(d) Acute_Toxicity :

The first set of tests were carrled out by Dr. D.R.

Whitaker and Dr. A. Jacks'on at the Laboratory Centre for
Disease Control, Tunney's Pasture, Ottawa. Acute toxicity

. was -assessed from the survival rate after single injections
of Myxosidin into "the peritoneal cavity of mice. The
solutions ank}njection were prepared by diluting a
concentrated ethanolic solution of the antibiotic with
physiological saline and adjusting all solutions 1o an

\

ethanol concentration of 1%. . One ml of each solution was
A :

N

—_—

injected. The tests were made in triplicate for. the st
concentration tested and in quadriplicate for all other
concentratlons. All mice injected with the highest con-
centration tested—-260 mg/kg body weight--were-dead within
6 hours. All mice injected at the lower concentrations

tested--132, 88, 44, and 22 mg/kg body weight--were in

—
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apparently good health until -the end of the observatlon

_period (one week after injection). The LD Kfor‘?lce was

t——

taken to be between 130 m and 260 mg/kg

A second set of tests was aréangéd by the Drug
Evaluation Branch of ‘the National Cancer Institutq, Bethesda, .
NMaryland, in ponjuné%idn'ﬁith tests for anti-tum

4

"In these fests, groupsfof mice were given i

activity.
aperitoneal
injections of Myxosidin (in saline). None of.the group
receiving 150 mg/kg but all of the groups receiving 75
and 3?.5 mg/kg survived the sixth day after injection. X
These results assign an 1D, between 75 mg/kg and 150 mg/kg.
Both estimates are in the range for an antibiodtic of low
toxicity.“ ‘

Tests of anti-tumor actiyity were arranged by the
Drug Evaluétion Branch of the National Cancer‘Institute.
Bethesda, Maryland. Anti-tumor activity was tested in mice
with P 38 lymphocyticleukemia tumor. No activity was
ihdicated by these tests,
E. DISCUSSION

Antibiotics are divided into several broad categorie
on the basis of their anti-microbial spectrum}78) Narrow
spectrum antibiotics are active against a restricted group
of bacteria or fungi. TFor example, penicillin is active:®
agaiﬁ?f#gram positive bacteria; polymyxin is active

against gram negative bacteria.
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Antibiotics of the peptolidelclass ‘have been
‘reported to be active agaihst the tubercule bacillus and
gram-positive bacteria partfaularly against Staphylococc1
- and Streptococ01) but not agalnst gram- negatlvejbacterla.(?9)
Mqusidin may be exceptional in that, as indicated im Tables
\;ﬂ\ ‘18, 19, and, 20, it id active agginst_yariousigram-negative

organisms, one of these, Sphaerotilus natans, béing the most

sensitive 6rgani5m tested. However, reports of the inacfivify
of other peptolides towardé”éram—negative bacteria may simply
' . be a reflection of bias towards pathogens in the selecti%n
,Jffﬁw of test organisms. B
The values obtained for the LDSO bf Myxosidin, @&\
measure of its acute toxicity, indicate that it is relatively
non-toxic. All antibiotics have side-effects in at least
some host individuals. The most frequently observed of
such-effects are allergic reactions, repal and liver damage,
damage to the 8th 'cranial nerve (affecting balance and hearing)
and nausea, vomiting,_and diarrhea.(ao)' Antibiotics which .
are fér too toxic fér systemic use, éﬁEAhhgygyégf be valuable
as antiseptic creams or dressings. Bacitracin and neomycin
are used for the treatment .of infections of burns, althoﬁgh
they are too toxic for useﬂz;xgrnally. |
. The above considerations suggest that Myxosidin, with
its low acute toxicity, iés significant spectrum - of activity,

its ease of production, and chemical and heat stability,

- may prove to be a useful agent.
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~CHAPTER VI =
GENERAL DISCUSSION
Myxosidin is only the second antibiotic to be isolated
and-characfegized from a member of the order Myxobacterales.
Th?;pther. produced by a related organism,(23) is myxin
which is a'pﬁenazine antibiotic and not a cyclic peptide.
Most of the known pept%dg antibioti?s are produced by strept-
omycetes or bacilli. For example.-Bodanszky and Perlman's
listfﬁii_:} k2 peptide antibiotics contains 35 which are
Q(T\x produced by those two orders of bacteria. Myxosidin is

the first example "of a peptide antibiotic from the order

- Myxobacterales.

S All other peptolide antibiotics reported‘§o far-are

produced by speciés of the genus Streptomyces (Table 22 ).

It is of interest in this connection that Myxobacter 495

and a species of Streptomyces are unique in another respect--

both‘produce serine proteases with aminolac;g sequénces which,
unlike those of other bacterial proteases'qf known amino acid
Sequence% match the amino acid sequences of the pancreatic
serine proteases. (82) 8Thus the production ofc a peptolide

antibiotic by Myxobacter 495lmay be another reflection of

- an evolutionary pathway Shared with Sireptomyeces.

The peptolide, Myxosidin, produced by Myxobacter 495

has some distinctive structural characteristics when compared
with other members of the group. One such differerice is
£ :

~

the presence of a free N-terminus in Myxosidin. The rest
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“of the peptolides are all isolated as N-terminal amides,
includiné Echinomycin which is a cyclic dilactone with two 4
N-terminal amides present in the same molecule. Thé most
frequently seen group ié an N-3-hydroxy-picolinyl moiety,

but N-formyi. N-acetyl, .and N-ﬂ-L—aspartyi amides have

been reported for the peptolides. Myxosidin is also unusual

in that it contains an arginine'résidue. Bodanszsky and

Perlman have noted that "cer?ain amino acids commonly found ’ -
in p;oteins, for example, arginine, histidine, and methioﬁine.
apparentlj occur rarely in peptide antibiotics."(66) None-

of the other peptolides contain arginyl residues. Further-
more, among fﬁe peptolides only Myxosidin a?d telomycin do
not contain any N-methyl amino acids (sge Table 23).

_The number of antibiotics reported in the lLiterature |
is now in the thousands. It is guite unlikely that any
tof&ﬁly new types remain to be d;scovered in the future.
Almoét every type of infectious disease is susceptible to
some form of antibiotic -treatmgnt; The major exception 1s
disease caused by small viruseé. How can the search for new
antibiotics be justified? While it is true that a handful
of antibiotics are used tq control the vasf ma jority of
diseases, these drugs may not be the'optimum choices when
considerations of toxicity, shelf-life, ease of manufacture,
‘and other practical factors are taken into account. The rise

of resistant strains of bacteria, sinde tgg/advent of the

antibigmic era, sometimes forces the use of less desirable

N

\
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alternatives. This trend can be expected to increase and
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can only be countered by an effort to develop new derivatj

of known antibiotics and the careful development of
antibiotics, e;pecially from novel sources.
Aq\}deal in_cliniPal applications of existiﬁg anti-
biotics, whiefi is only recently gaining widespreadl
art:tenti.on,(83 ) is the use of narrow-spectrum drugs in order
to control a givea infecting organism'while leaving the
normal flora qf the host as little affected as possible.
This approach tends to.supress the selection for resistant
strains of bacteria, and to minimize the, possibility of
-secondary infections overgrowing the original infecting
species. |
The study of new antibiotics as well as the older

established ones, from a biochemical point of view, has
contributed greatly to t ndergtanding of protein
biosynthesis, ﬁ;cleic acid functions and (cell wall strycture.
Antibiotics with no clinical significance at all have become
‘invaluable tools for biochemical and mglecular biological
investigations. The search for new antibiotics is an
important facet of biochemistry as long as their biosynthesis,
structure and mode of action continue to provide insights into

the nature of microorganisms.
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APPENDIX

INFRARED SPECTRUM OF MYXOSIDIN y

v The infrared spectrum of Myxosidin was recorded

on a Pye Unicam SP 1800 scanning spectrophotometer as a

KBr disc.- A weak absorption maximum at 1750 c:m_l

indicates a lactone carbonyl. The stréﬁ@’absorption at
S

1 is due to the carbonyls of peptide bonds. Thus

1680 cm™
the IR spectrum obtained for purified Myxosidin is

consistent with a cyclic lactone peptide structure.




208

ZWQHWOMHE J0. NOHLOHIS IHVHANT
C ]

)
:lEu 0891

RERLHY

o
o

¢

01

N

[

¢6

001




209
ABBREVIATIONS

BAWP butanol:glacial acetic acid:water:pyridine (60:12:48:40)

CAS
cpm
DAO
DFP
Dns
GCMS
GLU
H
HVE
Hya.
k
Kav
LAO

LD50

hydrolyzed milk proteins, "casamino acids"
counts per min

D-aﬁino acid oxidase <
diisopropylfluorophosphonate

5-dimethylamin aphthalene-l-sulfonyl chloride
gas ehromatogr::gzzfiig spectromeéry
monosodium L-glutamie acid

depth of medium in a fermenter vessel
high voltage electrophoresis
hydroxyaspartic acid

second order velocity constant
partition coefficient

L-amino acid oxidase

acute toxicity in mg per kg body weight

L-Leu-NCA L-leucyl-N-carboxyamide

MIC
MS

minimal inhibitory concentration

mass spectrometry

NAD /ﬂ—nicotinimide adenine dinucleotide '

PDA potato dextrose agar ~
PheSer phenylserine
PITC phenylisothiocyanate
»psi  pounds per square inch S
Q aeration rate in litres per min
rpm revolutions per min
SUC sucrose |
v volume



EL

210

elution volume

yolume per volume per min (aeration rate per unit volume

_of medium in a fermenter)
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