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CHAPTER I

INTRODUCTION

The use of serological properties of microorgenisms as
8 taxonimic tool is a device used by microbioclogists with many
types of organisms. It has only been recently, however, that
this technique has bsen utilized in an effort to classify the

Actinomycetales. A majority of the work done with this group

hac been concerned with the anasercbic, sometimes pathogenic

gpecies of Actinomyces and Nocardia. The aercbic actinomy-

cetes, genexally considered to be soil and water saprophytes
and non-pathogenic, failed to interest many 1nvaatiqaﬁ¢ru until
their antibiotic~producing properties were discovered. However,
any resulting attempts of large scale aero@éﬁ&&al study have
been thwarted by their apparent failure uayhtimulata specific
antibody production in test animals,

Guthrie, Roach, and Ferguson (3) reported a successful
immunization schedule using adjuvant with sonically disrupted

cells of Streptomyces species. Though the results of this

survey demonstrated improved specificy of in vitro reactions
uging gel diffusion, multiple bands occurxing in both homologous
and heterxologous reactions prevented any extensive attempt to

group the species serologically.



Common antigenic components were reported by Cumming (1)

to ke present in 2ll strains of carynehacturium. Mycchbacterium

and Nocardia which had arabinose and galactose as their prin-
ciple cell wall sugars, The antigens were noit present in

Actinomyces and Arthrobacter. In all cases, however, the prep-

arations used were poorly antigenic and the investigator used
as antigang whatever was 2ffective for the particular strain
--whether it wag cell walls, whole cells or partially disinte~
grated cells.

s8lack, Winger, and Moore (9) aestablished four serological

groups of Actinomyces, Corynebacterium and anaerobic dipthercid

species by means of fluoreescent antibody technigue using recip-
rocal adsorption. There was no correlation between habitat,

species designation and serological groupiﬁg. Tegts of group

antisera with Nocardia and gtreptoiyces revealed no apparent
Cross reactliul, “

Curming and Haxris (2) utilized the c¢hemical composition
of cell walls as shown by chromatographic technigue to group

Nocardia with Mycobacterium rather than with Actinomyces while

Kwapinski and snyder (7) found c¢ytoplasmic fractions of

Actinomyces and Mycobacterium to be antigenically raelated,

Kwapinski (6), in working with fifty-two chemically

obtained fractions of Actinomyces and Nocardia, found
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cytoplasmic materials were very closely related serologically,
genus-specific antigens being located in the cell walls.

King and Meyer (5) extracted cell-free culture media with
acetone in which species of Actinomyces and snaerobic diphther-
oids had been grown for fourteen days and then removed the
precipitate by centrxifugation. The precipitate obtained by
this extraction was used to stimulate antibody production in
rabbits. Further serclogical tests revealed that Actinomyces
israelii was serologically distinct from Actinomyces bovis
while both species cross reacted with Actinomyces naeslundii.
No cross reactions were shown between the anaerobic diphtheroids
and any of the Actinomyces species.

pirtle and Rebers (8) likewise used cell-free culture
medis of Actinomyces bovis, obtaining a aitrogen~containing
complement~£ixing antigen by precipitation with ethanol., Agar
diffusion tests with rabbit antiserum prepared by intravenous
injection of viable organisms showed single lines indicating
some degree of homogeneity. No taxonomic applications were
attempted here.

guthrie, Roach, and Perguson (4) reported the effects of
growth medivm and culture age on antigen levels in aercbic
actinomycetes. The number and titer of antigens present were

shown to be determined somewhat by the nutritive requirements.



Regardless of the medium used, antigenic components present
in largest amounts reached a peak titer in the mycelium at
two weeks of age followed by subsequent appearance in the medium.
sStandaxdization of conditions of growth medium and culture age
increased the accuracy and specificity of serological resctions,
Nu.eroug cross reactions and multiplicity of homologous
reactions between strains of the aercbhic actinomycetes have
resulted in confusion and insurmountable difficulty in attempts
to establish serological groups. It is the purpcse of this
investigation to alleviate this confusion by first testing
means of separating the antigenic componants of the aerobic
actinomycetes~~cbtaining, if possible, a monospecific antigen.
Antisers produced from these monospecific antigens will then
be tested for their possible use in the serological grouping

af the aerchic actinomycetes,
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CHRPTER JII

MATERIALS AND MHTHOLS

Antigen Production

Organisms used in the production of antigen were gtrep-—

tomyces griseus (ATC #11429), sStreptomyces antibioticus (ATC

#8663), and Streptomyces parvus (A1C #11796). All cultuxes
were maintained on liguid starch medium as reported by williams
and McCoy (3) in tubes containing slants of 1.0 per cent ion
agar. The starch medium wag wodiiied to contain the following:
10 grams soluble corn starcu, 5 grams oif casamino acids, 0.5
grams of dibasic potassium phosphate, 0.5 grams of sodium
chloride, and 0.1 grauws of ferrous sulfate in one liter oi dis=-
tilled water. ~Flaske containing :ifty milliliters of liguid
starch mediun were inoculated from stock culture and placed on
shaker at room temperature. The contents of the flask, actively
growing after twenty-four hours, were transferred to a one liter
flask containing 500 nmilliliters of liguid starch medium which
was placed on the shaker at room temperature uwitil secondary
surface mycelium 2pf ared--usually f£our to seven days. The

laxrge flaske were then set aside. At tws weeks of age, the



cultures were harvested by centrifugation and/or filtration
and washed thoroughly with deionized water. The organisms at
this point were either utilized immediately or were frosgen for
later study.

Organismns were subjected to sonic disintegration until of
uniform consistency by a Branson Sonifier (2000 <ycles). The
homogenate was centrifuged at 3000 to 4000 rpm to deposit cell
wall fractions. Furtber separation of antigen components was
performned with the cell wall fraction and the cytoplasmic
supernatant.

All tests for the determination of antigenicity of the
fractions were Ly means of agar diffusion preclpitation. 7Titerxs
were determined by antigen dilution against antisexra. Pretri
plates were prxepared with 1.0 per cent lon. igar containing
phenol in a final concentyration of 0.5 per cent., Wwells were
cut in the agar using a "yeinburg Agar Gel Cuttex" (Consoli-
dated Laboratories, Inc., Chicago Heights, Illinois) in a
pattern of one large central well surrounded by six smallerx
symmetrically arranged wells. aAfter application of antigen and
antiserum, the plates were naintained in a humidifyinyg chamber

at room temperature for four days before results wexe recorded.



Cell wWall antigens

{1) Cell wall fragments were washed thoroughly with
deionized water and tested for antigenicity,

(2) The washed cell wall fragments were them treated
with purified trypsin after the method of Cumnins and Harris
(1). Fragments were incubated with crystalline trypsin (0.5
mg/ml) at 37° c for four hours, recentrifuged (4000 rpm) and
both fragments and supernatant tested for antigenicity.

Cytoplasmic Antigens

Each test was run separxately. The numbered seguence fol-
lowing does not indicate @& series.

(1) Cytoplasmic materisl was subjected to electrophoretic
separation with 2 Shandon cellulose-acetate electrophoresis
apparatus at five milliampheres for six to twelve hours.

(2) cytoplasmic material was heated at 60° ¢ for four hours.
Coagulant was removed by centrifugation at 2000 rpm and the
supernatant tested for antigenicity.

(3) A portion of the cytoplasm was digested with crystal-
line trypsin (0.5 mg/ml) for four hours at 37° ¢, centrifuged
(4000 rpm) and supernatant tested foxr antigenicity.

(4) Cytoplasmic material was treated with streptomycin
sulfate (£final concentration of 1.0 per cent), The precipi- |

tate was washed thoroughly with phosphate bufifer (p 6.9) after
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razoval by centrifugation at 4000 rpm snd resuspended in buif-
fer. Both precipitate and supernatant were tested for
antigenicity.

(%) portions of cytoplasnic material were treated with
sodiun sulfate in concentrations varying from 26 per cent to
40 per ceat. The precipitate tinus obtained was removed by
centrifugation at 4000 rpm and resuspended in physlological
saline (0.85 per cent). The precipitate and the supernatant,
after dialysis, were tested for antigenicity.

(6) Trichloroacetic acid, in f£inal concentrations of 4.0
per cent was added to cytoplasmic material. The resulting
precipitate was removed by centrifugation at 4000 ypm, resus-
pended in saline (0.85 per cent), and tested for antigenicity.

(7) Cytoplasmic material wae placed in high speed, refrig-
erated International centrifuge and subjected to differential
centrifugation at speeds of 3000, 5000, 7000, 10,000, 13,000,
15,000, =aré 17,500 rpm. Fractions obkained at these speeds
were resuspended in saline and tested along with the supernatant
' for antigenicity. The supernatant remaining after centrifugation
at 12,000 rpm was the fraction utilized in the subsequent pro-

duction of antisera.
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Antisera Production
Antigenic fractions were mixed in l:1 proportions with

Freund's complete adjuvani and injected subcutanecusly according
o the schedule reported by Guthrie, Roacn, and Fexguson (2);
i.e., three injections of two milliliters sach every othex day,
one weex of rest, a repeated injection schedule, and another
weeik ¢f rest. Aantisera, in this manner, was produced ifirst to
whole cell homogenate of 5. griseus, S. parvus, and §. anti-
bioticus, and later to the antigenic fractions isolated from
each of these species. Rabbits were bled each week for three
weesxs and the like antisera from at least two immunigzed rabbits
ware pooled. PFhencl was added to the gerum in a £inal concen-

tration of 0.5 per cent and the serum preserved by £freezing.

Production of Antigen for éurvsy
Actinomycete cultures used in the serological survey were
certain naued species as shown in Table I.., and the available
marine actinowmycete isolates of 8 numbered "N* series. The
naned species, as indicated in Table I, . were cobtained from
either American Type Culture w: through the courtesy of
Dr. Blwood B. Bhirling, Ohio Wesleyan University, Delaware,

Ohio. The "H* series were organisms isolated by this laboratory.



TABLE X

ACTINOMYCETES USED FUR SURVEY

12

Actinomycete Species and Source

Antiserwa
Production

Streptomyces griseus (ATC #11429)
Stxeptomyces antibjioticus (ATC #85663)
Streptomyces parvus (ATC #12433)

Antigens
fox
survey

Stxeptomyces abikoeusis (ATC #12766)
Streptomyces antibioticus (ATC #8663)

S8treptomyces coelicolor (ATC #10147)
Streptomyces fradise (Shirling)
Streptomyces gouvgerotiil (ATC #10975)
Streptomyces griseolus (ATC #11796)
Streptomyces griseus (ATC #11429)
Streptomyces lavendulae (ATC #8664)
Streptomyces netropsis (Shirling)

Streptomyces parvus (ATC #12433)
Micromonospora chalcea (ATC #12452)

All cultures were grown in eight ounce screw top bottles

containing a slant of 1.0 per cent ion agar and thirty milli-

liters of liquid staxch medium.

wyceliun were harvested after two weexs yrowth, washed

thoroughly wit:.

later use.

deionized wiktex, sonicated, and frozen for

Both submerged and surface
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Agar Erecipitation Survey

An extensive survey was run comparing antisera wnich had
been produced in response to whole ¢sll acwogenate and anti-
sera built to the antigenic fraction of those cells, In the
first section of the survey, the antigen used consisted of the
whole cell homogenate and ir . -¢ second secticn, the antigen
was the supernatant remaining after centrifugation ©f the wihole
cell homogenate at 12,000 rpm. In all cases, the antigen was
placed in the wells surrounding the center well which contained
the antisera. All reactions were read after four days at room
temperature in a humidifying chambex. A1l naned specles and
numbered isclated were grouped according to the numnber of
precipitation bands produced in common with each of the three

antisers.
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CHAPTER IIX
RESULTS

Separation of Antigenic Components
Most of the procedures utilized for the separation of
the whole cell homogenate into its various antigenic compo-
nents did not prove satisfactory. The chemical processes for
the most part resulted in eithex tﬁa loss or the alteration

of antigenic properties.

Cell wall Antigens

(1) It was found that after thorough washing of the cell
walls, most of the antigenicity was located in the washings.
The cell walls themselves were only slightly antigenic after
washing.

{2) 7The slight antigenicity remaining with the cell walls
after washing was almost totally removed by digestion with
trypein, After centrifugation, the supernatant was found to
contain some of the antigenicity originally present witiv the
cell walls, but scme precipitation bands had disappeared

altogether.

15



16

Cytoplasmic Antigens

(1) It was not possible to demonstrate any separation
of components using electrophoresis.

(2) After heating cytoplasmic material at 60° ¢ for four
hours, it was found that many of the precipitin bands, both
homologous and heterclogous, wers destroyed.

{(3) S8imilarly, digestion with trypain resulted in the
removal of the mmjority of heterologous and homologous
precipitin bands.

(4) Cytoplasmic matexial treated with streptomycin
sulfate yielded a precipitate which, when suspended in buffer,
did not exhiibit any antigenic properties. The supernatant
retained most of its antigenicity.

(5) The sodium sulfate treatment, of all the chemical
procedures, showed the most promise as a possible means of
fractionation of the actinomycete cytoplasmic materxial., The
precipitate obtained after treatment with the salt, after
resuspension in saline, exhibited ccnsiderable antigenic
sctivity. Those bands, not appesring in the precipitate
fraction, which had been originally present were retained in
the supernatant, A series of treatments with varying concen-

trations of the salt would have appeared to be an ideal
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method for separating the components of the cytoplasmic
fractions; however, the procedure did not have universal
application. In two of the actinomycete species tested, §.
griseus and 8. parvus, addition of the salt even to the
saturation point failled to prmdu&c any type of precipitate.

(6) Trichlorcacetic acid proved to be too drastic a
treatment. Possibly the heaviest precipitate of all was
obtained by this method, but the antigens were denatured
completely. No antigenic activity was demonstrable by this
method.

(7) Simple mechanical separation of the antigenic com-
ponents was found to be possible by differential centrifugation.
‘Mggt of the antigenic activity was removed with the heavier
dobzi: at 3000 rpm., Each fraction obtained at speeds above
3000 rpm wp to 12,000 rpm exhibited limited antigenic activity
which was relatively indistinguishable, None of the material
deposited at speeds above 12,000 rpm appeared to be antigenic.
The supernatant, remaining after 17,500 rpm, retained a limited
amount of antigenicity. Wwhen checked by antisera produced to
the whole cell homogenate, the supernatant appeared to be

monospecific.,
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Agar Precipitation Survey

The first section of the survey consisted of a compar-
ison of antisera built to whole cell homogenate and antisera
produced to the cytoplasmic fraction checked against the
whole cell homogenates of the "H" series isclates and ATC
species. The results of this survey did not show a reduction
in cross reactions and multiplicity of reactions as was
expected. Reactions were, however, considerably sharpened.
For example, what appeared to be a broad, blurred precipitin
band with the whole cell sera was actually shown to he several
sharp, definite, narrow bands with the fraction sexra. Multi-
plicity and nunber of reactions still prevented any attempt
to group the actinomycetes.

The second section of the survey consisted of the same
comparison of the whole cell sera and the fraction sera but
the antigen in this case was the supernatant remaining after
ceantrifugation of the whole cell homogenate at 12,000 rpm.
The results of this survey demonstrated a marked decrease in
the multiplicity of both homologous and heterologous reactions.
This simplification of antigenic response made it possidble to
arrange the named species and the marine isclates in groups
displaying similaxr serclogical properties as shown in Tables

II through V.. . Most of the actinomycetes fell into five
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large groups with fourteen other isolates making up twelve
minoxr categories., The five main groups consisted of (1)

those actinomycetes which did not react with any of the three
antisera--in¢luding K72, H13, H48, H29, H65, H66, H6l, H74
(all similar in pigmentation-~buff-grey with no soluble
exopignent); H1l, H9, H10, H7, H129 (all white with no soluble
exopigment); and one named species which did not fit into the

three pigmentation catejories, Micromonospora chalcea. (2)

rhé second group consisted of those actinomycetes which reacted
only with the 8. parvus antiserum to produce a2 single precip-
itin band-~-including H128, H10l, HB2, H93, HS85, HE0 (all
ruff-grey with no soluble axopigment). (3) The thixd group
consisted of those actinomycetas which produce a multiple
reaction (two or more precipitin bands) with both §. pazvus

and S§. griseus sera and no reaction with §. antibioticus serum

-=including H104 (buff-grey with no soluble exopigment): HI121,
#8123, H135, H11l3 (buff with dark exopigment); H127, HL1S5,
H120 (white witi no exopigment); and one name specles which
did not easily f£fit into the pigwentation categories,

Streptomyces fradiae. (4) The fourth group consisted cf the

actinomycetes which produced multiple reactions with the
8. parvus and §. griseus sera and a single precipitin band

with the §. antibioticus serum—-~including H126, Streptomyces
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griseolus (buff-grey with no soluble exopigment); H90, H106,

Btreptomyces lavendulase, Streptomyces netropsis (buff with

dark goluble exopigment); and Streptomyces -arvus {whita with

no soluble exopigment). (5) The fifth large group consisted
0i those actinomycetes which exhibited multiple reactions
with all three aaii&erawoincluﬁing Hlls, BL0%, wW13l, ne4q4, =9%,

H73, gireptomyces coelicolor (buff with darx soluble pigment);

HLO7, stseptomyces gougerotii, Streptomyces griseus (white
witn moe %oluble pigment).

The minor catégories included one or two isolates each;
(1) sinyle precipitin band with g. griseus aerum~~ﬁl38 (buff-
grey with no soluble esxopigment); (2) single ?xacipit&n band

with §. antibioticus serum~--H17 (buf:r-grey with nc soluble

axopigment); (3) single precipitin band with both £. griseus
and 3. parvus sera-~--H30 and K99 (buff-grey with no soluble
exopigment); (4) single Lrecipitin band with both 8. griseus

and 3. antibioticus sera-~H124 (buff with dark exopigment);

(5) sinyle precipitin band with all three antisera-~H3 (buff-
gray witch no solukle exopigment); (6) wmultiple reaction with

8. gxiseus serua~-ditreptomyces abikocensils (buif with dark

exvplgment): (7) smltiple reaction with g+ antibioticus

serum--H56 (bufi-grey with no soluble exopiguent); (8) multiple
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reaction with g. griseus serum and a single precipitin band
with §. parvus serum~-H137 (buff with dark exopigment); (9)

multiple reaction with §. antibioticus serum and a single

precipitin band with 3. parvug serum--p8l (buff-grey with no
soluble exorigmeni); (10) multinle reaction with both 3.

griseus and 3. antibioticus sera--Stxeptomyces antibiovticus

(buft with darx exuplguent): {L1l) wultigle reaction with
§. griseus serun and single precipitin bands with both 3.

parvug and o. antibioticus sera-~-hl0&, H®L (butf with dacgk

exopigeent); and {12) - ultiple reactions with both §. griseus

and 5. antibioticus sera and & single orecipitin band with

§. parvus serum--Hl02 (buff with dark exopigment).



CHAVITER IV

DISCUSSION

The primaxy uvbstacle in approsciing the problem of
separation oi the antigenic components of the actinomycete
cell was that the nature of these antigens and their location
in the cell was unknown. 7The two principle portions oi the
cell, the cell wall and the cytoplasis, were subjected to
stankiaxd chemical methods used to isclate various components
of cellular material. MoOst of thesa chemical procedures did
not prove satisfactory. Since the nature of the antigens was
unknown, it was impossible to determine if antigenic activity
retained after treatment had in any way been altered. The use
of sodium sulfate to induce precipitation of protein material
showed promise in that both precipitate und supernatant
appeared tc retain most of the antigenicity of the original
cytoplasmic materiasl. However, this technigue failed to spply
to all species investigated. In two of the actinomycete
species tested, §. griseus and §. parvus, additlon of the salt,
even to the saturation point, failed to produce any type of

precipitate. It is possible that the antigens demonstrable in

26
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thege species either ware not protein in nature, or were
protein bound to other types of coapounds in such a nanner ss
to grevent denaturation. The eiiects of guch chemical com-
pounde as trichloxvacetic acid, streptumycin sulfate, and
tryysin indicacs that at lesst & porticu of scwe ul the anti-
genic components are roteln. The resulis oi heat application
to cytoplasnmac materisl would seem to indicate thace che most
likely swnplanation i that some 0f the antigens are Jrotein
in nacure B tie rewslining antigens are ol & aliferent com-
position ~~probakbly pulysaccharice in uature. The failure to
obtalin separation usihg elactroupnoresis voula be explained in
thig manner, a8 polysaccharides would nut be expected to
migrate in an eleciric field.

The actinonycece antigens aypear not only to be present
in the cytoplasm or the cell, but are also bound in some
faghiion o the cell wall. The antigens appareutly are bound
by peptide linzxige, as trypsin accomplishes thelr relesse. in
oppousition to the Findings of Xwapinski (1) lnvestigating the

Necardiz and sctinomyces epecies, the cell walls, after washing

to remove cytoplesalic naterial tragped in tae debris, were
essentislly antigenically inert. The cell wall removal
elininaced many of the cxoss reactions awong the isclates
indicating that the strain specific antigens are in the

cytoplasmic matexial.
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The beast method of separation of the antigenic components
of the actinomycetes proved to be that of 2 simple mechanical
process~centrifugation. It was found that high speed centri-
fugation eliminated the majurity of the antigens from
cytoplasmic material leaving behind what agseared to he a
wonospecific antigen in the supernatant (12,000 xrpm). It was
later found that the xunospecific antlgen in reality stimuleted
antibody which produced & multiple homologous reaction., It is
presumed that the cellular debris, which was contained in the
wihole cell homoyenate used to uroduce the original antiser&,
nesked these cytoplasmic antigens, thus preventing the forwation
of thelr specific antibodies. Therelore, the gupposedly
monogpecific antigen actually consisted ox several antigens
wiiich were not demovnstrable with the whole cell serum.

Since the antigens used Lo stimulate antibody production
were not monospecific, the results of ths {irst gurvey wera
guite confusing £f£rom the standpoint o .ultiplicity of
reaciions. The precipitin besnds were, however, considerably
sharper and more definite. igain one assunes that the cellularx
debris used in production of the whole cell serud magked many
antigens resulting in less speclific reactions. This would

tend to produce one large, broad band which would actually
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consist of several narrow, tharp bands. In oxder to obtain
workable results from a taxonomic viewpoint, the second
saurvey utilized the reactions between the cell fraction
antigen and the cell fraction antisera. The results showed
a narked decrease in multiplicity of reactions aand
five large serologicel groupa containing a total of forty-sin
isclates were demvnstrated. Fourteen outher isolates fell
into twelve winor catejyories.

wo of the actinomycetes used to produce the grouping
Bera, $. parvus and $. yriseus, were found to be almost
eexrologically identical., It is significant to note that even
with two sera which are so closely related, it is possible to
obtain the serologicsl separation that is reported in this
investigation. #urther expansion uwf this survey to include
sera Of other isolates would strengthen the validity of these
serological groups and indicate the importance of each of the
twelve wminor cate Jories., Tin no Case was there any Cross

Yeaction Letween sera .roduced to the Strevtomycaes soecles

and the actinomycete dasignate& ag belonging to the genus

Micromonogpora.

The actinomycetes are classaified by Bergey according to
their type of pigmentation. This investigator grouped all

the “M" seried marine isolates and the named species using
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their characteristic pigmentation into three general morpho-
logical groups: (1) the puri-~grey group, none of which
produced a soluble excpigment; (2) the buff group, all of
whichh produced a dark exopigument; and (3) the white group,
none producing an ouwopligment. It is Lo e okserved in the
dacta, that there wasg very little correiation between serclog-
icel grouping and piguentation. only the groug wnich rsacts
with & single grecipitin band to g. paxrvus antiserum forwmed a
homogensous grouy in rigmentation--all were Hufi-grey with no
soluble pigment. It may be concluded fxrom this data that
servlogical grouping of the actinouycetes is possible using
the methods described in this investigaticon., Thais grouping
shows very little correlation with the grouygs formed Ly
prasent taxoncaic criterisa of pigmentation and yross morpho-

logical charactexistics.
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CHARTER V
SUMMARY

Mechanicsl weens oi separation ur the antigenic components
oi the actinomycete ceil were found to be desivable over that
0l chewical separation.

The use Of cellulax fractions of actinuaycetes to
stimulate ancibouy production produces anticera with highly
inproved specliicliiy over that of antiseru j roduced in resgonse
to whole celi homogyenate.

The Lraction antiserwn, when cested in survey with antigens
consgisting of similar iractions oi named species and warine
isolaces, Genonstrated & drasiic reductica il the auaber and
multiplicity of homologous and necercvluycus reacclous. Mis
sinplification ol reaciion permitited the servioylcal yrouping
of sixty sctinomycetes inte five large groups containing
forty-sais isolated wilh Louriean vl lsoiaves Iforming twelve
Mminor cacegories.

Tnis grouping showed very liviie correlation with the
Groups formed by present taxonomic criteria of pigmentation

and gross morphological chaiacteriscics.
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