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Arthrobacter species as a prey cell reservoir for nonobligate bacterial predators
in soil,
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CASm.A. L, Ei., JR. 1989. Arthrobacter species as a prey cell reservoir for nonobligate bacterial predators in soil. Can. J..
Microbiol. 35: 559-564.

The possibility was investigated that, in soil, Arthrobacter species might serve as a major reservoir oit prcN cell,, for the
nonobligate bacterial predators in the soil. Previous evidence had indicated this. Arthrohacu'r glolyifilrmi.v cell*, added to soil
caused an increase in the total bacterial count and the gram-negative bacteria count of the soil. Copper-resistant hacrerial
predators, such a., Cupiqnividus necator, also increased in number, apparently in response to the A. glabfinjornr cells. Other
bacterial predators did tot respond t(J A. giohrfionins. Certain soil bacteria responded specifically and quickly' (within 2.5 h)
to the A, glohifrmni.% cell additions. They bad gliding motility and could hvdrk~yzc GELRITE (the solidifying agent for
media). Addition of these bydrolyzer bacteria to soil caused marked increases in the total bacteria count, the graro-negative
bacteria count, and the bacterial predator counts. These responses mimicked those lbr A. gbohijorm0?iN soil additlIonN. 1 hle
results from an alternative method of' soil incubation that speeded up the processes. arid from other observations, indicated
that the large apparent bacterial predator attack on A. glohijitrmis in soil may actually be on other bacteria in soil that respond
to A. globiforrnis in at nonpredlatory manner. Therefore. A. globijirnris and other Arfiroactrer Species may not be servirng
as a major reservoir of prey cells in s.oil.

KeY words: predation, predators. prey, soil, Ardrrobacter. ,-

CASIDA, L.. E. , JR. 1989. Arthrobacter species as a prey cell reservoir for nonobligate bacterial predators in soil. Can. J.
Microbiol. 35 : 559--564,

tine investigation at etc entreprise sur la possibilitd que, dans les sols, des esp~ces d'Artlrrohacter puissent servir de r~ser-
voir majeur de cellules de proie pour des pr~daieurs bacti~rictis non-oblige. des sols. Des r6StLdtats aritt~ieurs uvaient indiqti6
cette possibilitý. t'ajout dans des sots de ccllules d'A. globýrfrn-i~s a caus6 une augmentation du nornbre total dc bacti~ries
et de cclui iles bactdrics Gramn negatives dans ecs sots. Des pr~dateurs bact~riens r~sistants au cuivre. comme le Cupriavidus
,recotor, otn[ au~ssi rumenict6 en nrnobre. apparemnment en r~ponse it Ia pr'5sencc de~s ceilules d'A. glohiforrnis. D'autres pr6da-
teurs bactdriens 'font p:- rt~poridu it la prt6.sence d'.i. glohiijbnris. Certaines, bact~res dur ,ol ont repct imi sliticitiquernent ct
rapidemrent, soit enr dedans de -215 h,. it ajout dc cellules d'A. *eo/ifilirmis. Cos bacto~ries. dont la rrrtirlitt6 s'operait par ghss"c-
nient, ont pu hydrolyser Ic (iELRITF. fun agent de solidification des milieux de culture). L'addition dc ces bacts~rics
hydrolysatntes dans de., sols ai CaU'a des augmentaLions niarquies dans le nonibre total de hacto~rics ct dans celui des prodateurs
bacti~riens. Ces r~ponses concordaicnt avec: kelles d'additions tie cellules dA. glolrifitrnrs (tans les sots. tDes rs~sultats obtenus
par une m~tliode alternative d'incubation permeutant d'activer les proccssus. appuv~s par d'autres observations. ont indiqu6
que lainpleur apparente de l'atraque des prodateurs bv'ct~riensý sur I'A. glabrjitrrti.% .tans Ics sols pourrait bien avoir ýti cxerc6e
sur d'autres hact6ries dcs solý qui rr~pondent ii lat presence TA. grdohij'W-ii.% d'unc fayon autre quL par pr~dation. Cons~quem-
runirt, il estr possible que I'A. gihbifirmizs et d'autics cspiccs dJ'Arthrobacter rie servent pas de rc'.ervoir majeur de cellules
de proie dans les sots.

Mors 1c/t' : lpre~ation, pr~datcurs. proic. o()l Arthrobacter.
llradu it par Ia revue]

Introduction resistant bacteriai predators. If' true, then fluctuations in

Cells of Arthrobacter species occur in. large numbers if, soil. Arihrobacte. species numbers in soil should vtfect the
In fact, some workers consider that these bacteria coiistittt, nuniher,; of the predator bacteria. This in turn should affect the
the largest bacterial population that is detectable itt stril by oin - numbers of other potential prey cell spLCeiS for thes .e preda-
ventiorral bacteriological proccdtrres tBoyien 197.1). Arunro- tors. For example, addition to soil of unique nutrients fo~r
bacier globifirnmis is an example of these soil A.-trrubacter Ardrrobacteir species could activate them or even increase their

species. In soil, A. ,tlbii')/)rmpis is attacked by indigenou: cells nr.notners, followed by rncreased predator numhers. The latter

of the bacleriiel prrdptors, Cup)riavidii.s Iecutor tMaKkar atnd wotuld not only attack Arilzrobacter species, but also attack any

* Casid-i 198~7h) and qtrarin L-2, buit notl by <ormc othecr less (other prey species in the vicinity. This predator response
powerful predators (Zeph and Casidar 19%6). Cuprias'idu.s would he somewhat fll, - that proposed by Mallory etida.

llectorandstratin 1-2 ar, representatives f- the copper- I 1983) for protozo~i when they ha vc ,lte-rnative prey bacterial

re(sistant bacterial predators (Casida I k'XX). 'I nese are nom vi.,be
obliatepreatos. nd tey :ii alackair ria tA"Ah-T aC- The pre-sent study' was undertakcn to detc.: mineý whether, in

terial species. inncludingt other bacterial predators. fr ani tire !oil, Airdrrobact'r species do serve ats a huge prey cell reser.-
roregOirIg . it woultd appi':' i tomt soil Artirrohacter, species, canu vorr for bac.terial predators such as C. ire' afr and related

serve as at large reservoir iof potential prey cells for thre copper- types. The arlternative possibility examined was whether the
predator attack that is seen might. in part. be an indirect

'Pacr oý 417in he oural eres it he t~tnsyvana Aricl- respornse to other soil bacteria that respond in at nrrnpredatoiy

turc 1:xptwi ornt Station. fsint rhoatrsei,,

1 Im I i- rixS,i Iisivrm'iii m ( ian
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Miaterials and mnethods Microbial/ tatu1meaaia'at n
Soil dilutations %%crc Miade inl 10-4fod aicremients in tubes conita tnt nc

Or.qatojsos and media(h 9 anil f atteri Ic distilled watec - Each tub11 wAas tho rouch l\ in seId %%. ith
.,11 i-i/iraicaater aQla i/ ttoni\ ýA I ( 80110). ( u/Ol taviith neta ualaori itv ne mi xer he is re I mt. L was icnmoved tot p epari tig thte itcx( dIIIL-

(AT(CC43291I) N\I k ka r aiid Cas id~t i97a .idtriii1- /eph iani tion of' the sequence. The diilutlions were plated oti various meid ia.
C~isida 1486) woer maaintained oin siatnts of 0. I strength hcart Intusioni Cln ttiesfi oprrsstn atraad(ig eedir
aia a-. St rain 1- ýxa w it copper- res istanrt. nono b ligate bacterial preda - m id~~~~~hl~r uinaa-cttiii .)
tor of 111trai0sncw~sreeahli e(ac a r. Waished spore CuC, - 2 H O (pH 6.5) . Colon\ tnunibers, for taoia bacterial Cainrts.
and (or) cr,,staii Nuspen itls oti 0IBoaciiitas tittu iuagit v~i-ys (H -t1pc 30b-2) whether copper resistant or nott were determiined using a it lediutnl
were prepared as described by Petra.s and Casida I 1985). conttaiining 0.1 trnhhetiifti ht.0( -ttit.

Washed-cell suspetisiot, of 1 ohifri/6uai were preparcd for cells 0.07 ': NjgCI1, (aHO. 'aiid 0.6'(' CiLLRITE (1iii artd Cijsida I1984, to
grow~n in heart intisifuoti broth (futll strength). tr Pt ic soý boht t or solid it 1 thc mned in i. It wkas imnportanot that the NIgC, I 6 H 2 be U is-
ssnthictic inedia. The media were dispensed ats .40 1111- pcr 3(W-nl- sovdctiitieoeadtgtc(ERITFi. The tncdiutii was
baftie-bottott fl1ask . M'lodlifled N-I synthetic ii tdium contained t). I poured at 60'C into peari plates. Girai-n-iegativc bacteria. whcther
NHCL. 0. 1 '; dextroso. 0. I t;, KH121 0. 0.02 '4 Na,iS0 4. and 0.027, copper resisiatit or ttan. were etinnierated oti a similar mediumi hut
NaCI. pH 7.0, adtlustcd with KOH. AG synrthetic medium contained with crystal violet added to givec 4.9 1M before addintg the GELRITE.
t0.25 '4 KH X04, 0I.020'4 Na,S04 . 0.0(1 '( NaCI. 0. 1 (4- KNO,. 0.02 c, All inicubations of soils and plates were at 27'C. -The plates wereý
MatCl2 6H,0. 0.027, CaCI, -2H,0. 0.01 '4FeCI, -6H,0. antd incuh;ateal 5 toa 6 dmas
0.254, dextrose. pH 7.4. adjusted with KOH. The CyEi.tKl I t, (Lin Thle tnunabers iti so'il of C~:::' _n..d L-2 cells were estimated bx
and Casiata 1 984) liydrailyiers were gorown iti trvptic soy broth. tin the miethod oft Niak kar and Casidat 1987ai.
GEL RITE' broth, or on tnitk aL'ar. Thle GELRI1'E broth was full- Thle soil enumnerationi results are presented tn 3 ways. Sonme of tlie
stremneh heart infusioti broth cotitainirig 0.2r'; GELRITE. but without results are stated as the actual nuniber., of arganisn ts th'at were present
added tiiagtiesil.iti. The GELRITE was broken uip with at sterile glass5 at the satiplinig. Other results are presented as the ratio (relative
rod Just before inioculatiorn. The inoculated flasks (or the s ariiius increase in numiberst ot the counti at aitiuven tinie for stiil incubated

tiicia eresliket fo 2- da~ sat 7W efoe Waslifl th cels, with added cells, as compared with the control soil incub ated f'or the
Milk ai~ar was placed in pctri plates. It comiprised nutrient agar to same perioad but with ottl\ w~ater added. Lastly. sorte of the results
which had been added 0.1I'/, yeast extract and I .0'4 fon'ait a re presented as, the ratio 'of the counts at a given ltile during incuba-
dehy drated mill, powder. After incubation o'i the plates, f-or 5 daNs., it a h on 't a rsatatttter.lti i1ae h ot
the 'cells were gently scraped friari the agat surfaIce wvith 5 tiit. of trol ale to bh e Cout nitwai wherceoni watltl ero was s addd lowe the soi beair
diiuble-distilled water, then %%aslted. All except the Synthetic tiiedia it was incubatedI.
were Difeo proiduct,, iDih.co Laboratories, D~etroit, NIb).

sod! a~~intwhI!O~ns Results
SoilsN RS94. RS85. atid RS86 were at Hagerstown silty clay, loam~t. Naltural (fnonsterilizd ,72t oil was, inctthtated 2 ways for these

Tites c were obitainied 1'raiti di!t trent tfacids atnd itt ditiercrit ttiies trom trials. In order to rouahiv approxiwsatc its state in nature, soil
at farm near Untiversity Piuk. PA. 'Tile soil pH values were 6.3 , 4.9. was placed in bottles and adjusted to 60%4 of' MHC' for incuba-
and 5.S. respectiisclv. lion. Alternatively, to speed uip microbial activity , soil wats
The siiils, were iticubated in various waty s, For the soil-bottle prtice-

dare, the soil was passed thrtough a 3-tiiii sieve, then 10-g portions submerged in water arid incubated shaken in at flask.
wkere added tai sterile I -oiunce Wi~t. 29.6 tiiL screw-cap bottles. Sterile Soiil bottle inctubationls
water t .2 m1_1, washed-cell susýpetsion. tir chemical Saolution sse re Artht-obacte'r k'vbifimi~s wats incubated 3 days in bottles
added to I-ring the siiil all 6l4 Oaf- Its, iiioistUre-hatlditig capacity oiatii 0g0 aiIajse a ( 4afMH.Tecltal

!vIHC.ý Thc caps, wvere clet partially% loose d(uirinag i ncubattion. I ncUba-
tim,. usually was f'or 3 days tat 27 _'. L~onger inCu~batitins oft the soil received water instead (if A. g/o/d/or~niis cells. Table I . based
were itviulved "iheta sequetitial additions of washed A. u'Iohiliaaaoia on six repeat expcrnimrittts with three soils (two for each soil).
cells w?,ere made. At time /ertao 2m. portiots, of' was". J cells air shows that the total bacterial count and the gratn-negative bacL-
water wkere added to ses eral bottles (it soil. Further additions, q'f tetial coutat oif the soils responded strongly to A. glohifinrmi.s
03-alt I port io ns (it cell Suspenlslion or i, ate r wore made itt 4. 1.II. add I tiott. Simaile1r re spotase,,,. haowever . atlso occurred lort .the
,), atid .2i days%. Tiiera:1orc. sone oif' the baittles that hitaaI receied bacterial predators. C. ne~ dor and straiti L-2 . The niumbers

cell. ý0 little /cra, teci5 d kk ater iat itl[ Succeedting t ittes, while others of' (he A. globijinnmi.s cellIs in the Soil decreased only slightly
receiked additiional cells. Other baottles received only water itt till[ drn h reb~n hswssoni te rasta
tinecs. I nclud ing titme zeroa. extende over inuatin Thswssoni te rasta

Satils were also incubhated by shakinig for 24 h with addied waa r air etn dovragreater period of limac. bFtr exatmple. 9.4 x
cell suspiciasia'as. Fair these trials. I g at stil wvas platced tin it s.terile 10" cecls/g souil at timec zero wits 5.3 X 10' at 6 days and
tube with 9 ml. aif sterile distilled wxater. Twat droaps tat'v\ttshcd cell 2.2 X 10' at 3 weeks.
suspenstitio mreradded. The stall plus wateriatid cells ira the tube were The nature of the predator bacteria respoinse,, Was CvalUtited
tifiti miixed thairaanghlh with a Vortex Gecnie Mixer (Atritricual Hits- bv mnakin g sequential addit ions of' .. glohi/bnni~s to the souil.
pitail StAPPl v Ca rpa arat i in. F vasii. 1t1.) tatd potatred se Pticlcli Into iit its oppoised toi just tone, initial addition. The respoinses atf

steirile MX)-il- [rlcniatuevr flask. T his, was shaaken 24 h at 27 C. indigenoaus U necataor and straini L-2 cells in the sail are seen
Fatirilher dillu1thatas ftar plaititig were theti prepared fraitt this 10' itt Figs. I and 2. It would appear that tnakirtg several additioins
diiliu ttio. 0i' A. g/uhformi~jj, at Sail did ratito (ii an extetnt increase the
The ss ashet t clI sti speri~i si s that were addedi 1at s(itu praov ided rittttt- nC.idator, or strain L -2 couanti beyond t .hat lair a single addi -

hers af at cl,, per g aif sail w, hit lhaa 1
'ws Yt r A. ghahilo~ruoi,a. tfile t1111it I S tuber d

,sere i.01 .. I(; lair cells graas atiti niutrieiit brattla. ~and 9.0 / 10" laor a. ti ircj nl'Ae atLU

cells pratwi itl trvptic stay hmirth. (L1 RIlE hdti(ral.y/r sirnt is, 487 (ilutiarnic acitd ( 1.2 fill,.otatia I ',/ SalUtitull was added ti( Soial

tand (;F3R1' griasrat ii iry ptic stay biatla gave 4.0) .X 10' atd 4.0 / 10". instead of addirng A. ,loi/~Oha~tains cellIs. As at result, the numnbers,

respectively,ý, per g at) stai. Ih I(- I-3RP caount paass ýibi lo hi- bcause (if C'. 1luYJIor and strain 1 -2 la, the Sail each tluse toi 1 .3 x
tat alitictIltytiti couataitn tg the ait. Thea B. ;orot,'iih .n i .av.. spa rcs give II0f/p so il with inr 3 days. Their itit ii~i al nibcets in thte Soili werac
3.9 / l0' ltcr g taf' soitl. I1.3 x 10' and 2.3 x 102. respectively
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I A I L I. Re laivie increases in bacterial counts tor
soil incubated 3 days at 6(Ki of- NHC with added 5.0r
A. Iohl`1t/ofixcls CANs. c~ittpared Witl[ Control sOil

incubated w-ith onI) added water

Bacteria Increase ill count. !old
4.0

Total count, 96(2(0 300)
Graint negative 29513 -- 862)
C. nicao!r 4

Nit ii I tie x itue iir total minit andga nti % o itii m g,.
I tt ýý e vri ti ni %%th he I r,:ý s k I tteim dtI Iv . ire ia' er ,i'

lmt the s alues Ire %hiimsn tt thin the paii nfliese 1 he ( neaiter md
stradii I.-" %ahite% are :(ir the RS84 soti U

`tesidimil tini.4. eit-ijoronr% celt'. or aný multimpli ctiln (ifi them. U
mas nii a eotiiprinen iot the total couiit. 0 2>.0

Total-bacteria Counts made on GELRI rE medium11 (110
crvstal violet) for soils that had been incubated with added 10
A. gli-bif'rntis cells showed somne small, concave depressions
on the surface of' the mnedium. In general, they were about 2
to 7 mml in diameter and I to 3 mmn deep. In some cases, how-
ever, they extended down through the miedium~l to the glass
bottomn ot the petri plate. The organisms that Caused these 4 8 12 16 20 24 28 32
depressions did mit necessarily produce a defined colony at the TIME (DAYS)
bottomn tofthe depression. Separate experiments, not reported
here, showed that ,hcse organisms were able to hydrolyze Eto;. 1 . Growth response ol- indigenoor. C. ,tecoror cell. itt soil to
GELRITE. sequential additions ot wr ge .ilobifowmi.is cells. The cell additions-

The relation of GELRITE hydrolysis to A. glo/nformnis was were made at time zero without Itirther additions I ), or at time zero
studied. Artlirohacter g'hahiforni.v was grown in tryptic so but with further adlditions, teUItulatiVe) also, Made at each iif the
broth, full-strength heart infusion broth, modi fied N-I syn- "Un~iplitig l ittles- except die Ii nai one at 32 da~ s t0t.

thetic medium, or AG synthetic miediumn. The cells were
washed, added to bottles containing either RS84 or RS85 soil. forinis gave 2.0 x 101, GELRITE-hydrolyzing organisms/g
and incubated for 3 days. Dilutions of the soil then were plated soil, and Ml. luacux gave 7.0 x 10'. There was no hydrolizer
for total counts on GELRITE medium. Incubation of- the RS84 organism response to addition to soil of' Agr-ohacteriUM
soil (PH 6.3) with A. globifarntis cells yielded 2.6 x 10' tutnefticiens, Aqromvc~cs ramposust, Nacai&rdj .sahnonicolor, or
(SD ± 2.5 x 106 ) GELRITE-hydrolyzing cells/g of soil. Eslvdic/t-ic co/i. There also was no response to BaWiIIL%
Incubation with the RS85 soil (pH 4.9) gave 3.9 x I10' (SD ± Illuring iensi~s spores and (or) crystals, or to strains 50 or-
3.6 x 10"), Only occasionally did at GELRITE hydrolyzer GF3RP cells (see later) grown on milk agar or in GELRITE
ocecur in the absence of .4. globilormis. For these counts, the broth. Note that neither A. globifi.wruis nor A4. lutetts can
depressitns in the GELRITE mccdiuti were apparent regard- hydrolyze GELRITE onl their own.
less of' the presence of other bacterial colonies on the low- Addition of' aqueous solutions of' various compounds.
dilution plates. Growth of' .Stieprom tice~s species and Bad//uhs instead of' A. glohifrbrmis. to provide 1 .0 mng/g soil did not
nivoie from the soil did not interfecre because these organ- cause the appearance of' GELRITE-hydrolyzing otganistus.
isms. in somec manner, were held in check when A. globlifiwmi..i The compounds tested were GELRITE, dipteolinlic acid, argi-
was added to soil. The choice of" the medium for the initial nine. tryptophan. threconine. and isoleucine.
growth of' A . g/hibfirwmi.t toi Obtain thle washed cells did not The response of the indigenous GELRITE-hydrolyzing cells
affect the rcstilts. The culture filtrates obtained fromn grtowth in soil to addition of' washed A. g/ohifiurmis cells (grotwnin
(if the A. glohifrrmiNv Cells in either of the synthetic media did tryptic soy broth) occurred very quickly. (FLRITE-
notl cause growth of the GELRITE-hydrolyzitig organisms hydrolyzing o~rganismls were not presetnt (I0- t11161 dil'tin ofsoi)
when the filtrates were added to the sotil. This wats also true at timle zero, I h. aind 3 weeks. T hey were detected, hi iwever.
for at 10-fold concentrate (rotary vacuum evaporator) made of aheie a 2.5-h soil incubatiotn (3.6 X I 05/g soil) and after 6 days
the modified N-I synthetic miedium filtrate. Therefotre. thle (2.0 x I 0'1g soiil) .
activity apparently resided with the cells themiselves. In three L
separate trials, A. g/obibin-mi.'s cells that had been autoclavcd So, -expanse It) Itl-ra/vcer iso/alexi
before addition to the soil retained 3. 19. and 69(/(. respec- . ,oted abhove, various GELRITh-hydrolyzing bacteria -___

iivciy . of- their bliiity to s~t imuate growth of tile uILL.R! i. t, up when A. globilormnis eellIs were incubated iii soil.
hydrolyzinig organisms in the soil. minrce representatives, of these bacteria were isolated for'

In addition t(o A. globift)lwti~s. oinly Mhcraoiucht~t luteuco, further study. They were dlesigtnated ats strains 50. 487. atid
sttmulated the (iLRi I E hyd rolyzerý. Io show this, washed (iF3R P. Straini 501 hydrolyzed U Oil RITEL on isolation front k) e s
cells of varioust bacteria (grown in full-strength heart infusion Soil, bitt lost thle ability duiring later transfers on m iedia not ) r
brotlh) were incubated 3 days in RS84 soil. Arthrobacfer gb/u containing (iLlIAZITE. The tither isolates retained the ability.
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with A. globiformis, Tile gram negative count increased
5.0 931-fold with strain 50 and 861-fold with A. globifrrmis.

Shaken flask incubations
Various bacteria were added to soil that had been placed in

40 ,..flasks in an excess of water. The soil was then incubated by
4.0 shaking the flasks for 24 h at 27"C. This was done to speed

- - up the interaction of predator cells with prey ,,ells. It was also
done to increase the rate at which the soil total bacteria count

S, _and gram-negative bacteria count would respond to the organ-
3.0y isms added to the soil. Finally, it was done to decrease the

"amount of time available for the occurrence of ,equential
events in the soil. An example of the latter was bacterial mul-

. tiplication that could not occur until the multiplication of other
U rbacteria had occurred. These goals seem to have beeno2.0'-

2.0- achieved (see Table 2). Note that the results are stated slightly
0 differently than before, i.e., the results are stated as the rela-_J tive increase in cell numbers after incubation as compared

with the value at time zero. This allowed the control values to
1.0 be shown where only water was added to the soil before it was

incubated.
With the soil incubations carried out in this manner

(Table 2), the soil total bacteria counts and gran-iicgative bac-
.I teria counts in response to the GELRITE hydrolyzers (in this

4 8 12 16 20 24 28 32 case CiF3RP and 487) no longer were the same as for the
TIME (DAYS) responses to A. globiformis. The incubation time period (24 h

total) may have been too short to allow the buildup in soil bac-
FIG. 2. Growth response ot indigenous strain L-2 cells in soil to terial numbers when starting with A. globiformis, but not when

sequential idditions of washed A. globi.'rmis cells, The cell additions starting with the GELRITE hydrolyzers. There was a strong
were made at time zero without further additions ( 70, or at time zero saing it the nersTo hydbolyers. T rewas a trn
but with further additions (cumulative) also made at each of the buildup in the numbers of the bacterial predators. i.e..
sampling times except the final one at 32 days (t). C. necator, strain L-2, and the other copper-resistant types.

"1hese predators increased in number in response to both

The three isolates were gram-negative rods that demonstrated A. glohif'r.5is and the GEI.RITF hydrolyzers. Simultane-
T n mthreeisolity. Tweire graxoom-n ic podsin tas d onclrad ously wire this, the numbers of !he GELRITE hydrolyzers
gliding motility. Their taxonomic position was unclear, decreased, as would be expected il they were being attacked
however. by the predators. The numbers of A. globifortnis. however.

Strains GF3RP. 50. and 487 were added to soil in bottles did not decrease. In fact, a five-fold increase was observed. A
and incubated for 3 days. The results were approximately the possible interpretation is that A. globifortnis was not being
same regardless of which of these organisms was chosen or attacked by the predators to any extent.
which soil was used. For eight experiments, the total bacteria
count of the soil increased 33-fold more (ranee = 18-68)
when the organism was added than it did for soil incubated Discussion
with only water added. The gram-negative bacteria count of In preliminary studies (results not reported), use of agar
the treated soil increased 516-fold more (range = 140-950) plates with the overstreak procedure of Casida (t988) showed
than it did for the water-control soil. These results were that the growth of A. globiformins was not affected by being
obtained regardless of the medium used for growth of the admixed with various copper-rcsistant bacterial predators,
hydrolyzers (i.e., milk agar, GELRITE broth, or tryptic soy including C. necator and strain L-2. These trials, however,
broth). Autoclaving of the hydrolyzer culture cells before were on agar plates and not in soil. For organisms actually
incubation in the _:)l also did not change the results. Although residing in soil, arguments can be raised for considering that
two of thc three lhydrolyzers could still hydrolyze GELRITE. A. globifoirmis is a major, if not the major, source of prey cells
addition of I nmg GELRITE (dry powder) per gram of soil for nonobligate bacterial predators of bacteria in soil. First, of
along with addition of cells of the hydrolyzer organism did not course, is the conclusion (Boylen 1973) that Arthro'acter
affect the soil total bacteria counts or gram negative counts species comprise the largest group of bacteria in soil, at least
attributable to the hydrolyzers. Also. addition to soil of GEL- for those that can be isolated. In addition. it was shown by
RITE by itself without addin~g the hydrolyzer organism did not Zeph and Casida (1986) and the present stud)y that indigenous
increase the soil counts. cells of the coppcr-resistant bactcrial predators, including

In comparing various experiments in which the hydrolyzer C. necator and strain L-2, increased in number in soil in
bacteria oft A. globiforini, had been incubated 3 days in soil response to added A. glob(lormi.s cells: other less powerful
bottles, it appeared that the results were similar. For example, predators did not respond (Zeph and Casida 1986). This
a direct comparison of A. globibrmis and strain 50 in the same increase in predator cell number, however, could not he
experiment showed the following. Relative to the results for increased further. For example, sequential additions of A. ghdubi-
soil incubated with only water added, tile increase in total bac- fortnis cells showed a buildup in numbers of' C. necator and
teria was 68-fold greater with strain 50 addition, and 87-fold strain L-2 after the first addition of A. globij'irmis cells. but
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TAh 2. Relative increases inl cell numnbers for various inad igenous soil bacterial populations durn g a 24-I1 j nCuba -
tionl Wit dlashled cells of, .4. glbifortnis, strain ( V3 RI1 or strain 487

Increase- (toid ) in cou nt after add it ion of-:
]line tecro. -___ _________

Baici la counts/g, soil RSSXN Water 011k .4. glohifolwlis (ri 3 RI 4X 7

Total count" 3.3. xl10) 3.9 12.5 87.5 2250)
6rain negatitvL 0.3 x 101 9.7 22.2 11 5) 444
copper-1 esistait, 1.1 X 10 10.4 177.8 177K 178
C. nueator ± L.-2 3.6 x 101 2769'1 t1ll 000 74214 15 it52
Recovery, of added organismis' .-- 4.9 0. 1 (13

'A. ctimpiredi ý ith viltcii at ime /co:not tatc ~id a,b nit' ram tthe incre.i'e in numbet, "hen nirecr aI''iie i~a adieticlt nil hel .i'im inctihaiosnii
'RcidLul iii the a~dded OiiganI~ffii ( It lutilien iiultipiicatioin tui it, vSno liti a eriiponiiiIl otite iiiiai cmiiiii
Re~istaiii to' 0 01 % ('uCl,- H,0.

"Reýprescntx attack on indigeniou, lifc cell,.
'Residual iii added i'ruanisin. oir further multipleation oa it. ii t endl of experinieni.

not afte succeeding additions. The Lock of' further buildup in hyirolyzing cells were ahout the same ats wNhen A. globiftrmini
predator numblci ,was not due to their ttriai of a miaxi- cells were added to soil instead ot' the GELRLTE-hvydroly~inlg
mun~u possihie number for the predators in soil. This wa.N :onl cells . ~Since A. gloi,/fiwmis had the ahility to quickly activate
eluded because additions ot elutamnic acid instead of prey cells a p~reexisting population of" indigenous CEIF RTE-Ilvdrol\'zing
to soil quicklyN elevated the indigenous C. nc'cato/ and strain cells in thL sOil. the responses of the other bacteria to A1. glohi-
1.-2 numbers to a much higher level than was obtained by finrmis addition to the soil may actually have been to the
adding A. gdohifrinds cells. The glUtamiei acid acted by serx'- GE.LRITE-hydrolyzing cells that were responding to A. ginbi-
ing! as an alternate carbon source for growth of' these non- jor-mis. Further indication this miight be the case was obtained
obligate predators (Nakka, and Casida 1987bi). and for by using the procedure ot adding the soil to an excess of water
production of' the growth initiation factor needed for their in flasks that were incubated by shaking for 24 h. Addition of'
initiatioit of' growth (Casida 1987). the GELRITE hydrolyzers to soil handled in this way caused

The fact that . after the initial response, further additions oif marked increases in numbers of the total bacteria, gram-
A4. gluhiftwmi~s Cells to Soil did not provide additional increases negative bacteria, and copper-resistant bacterial predators
il the tuinbcis of C. uccaulr and sri uin L-2 could nicaii that. (irrJudIML, C. foccah'r awl1 :,di am L-2). Addition to soil ofi
in soil, the predator,- were responding only partially. if at all. A. glohifi~rmis instead of' the GELRI1'F hydrolyzers. how-
ito the added A. g/nbfiuorni~s cells. Instead, the predators might ever, caused niultiplication of only the predator bacteria. In
hci: esponding to somic other bacterium that had increased its this case, there was plenty (Of time1 for the indioenious
growth in response to A. globzifiwnfis. The response of the GEL.RITE-hydrolyzing bacteria to bccome activated by the
other bacterium to A. g/ohilormisv would not have to be a A. globiformis cells and then undergo sonic limited multiplica-
predatory response. One possibility is a response to Sonic tion. This would make thern Susceptible to attack by the preda-
stinliulatory chemical elabo'rated by A . globiiwiniis. Actually. tors. There was not enough timec, however, for enough
A. globiforniis was previously known to have somle ability of' multiplication to occur (in response to the indigenous GEL-
this type I Labeda et al. 1974). Addition oif A. globiformis cells RITE hydrolyzers) of the total and grani-negative bactoria to
to soil did, in f~act. markedly stimulate the apparent mnultiplic-a- cause a marked increase in their Counts. This Could mlean that.
lion of another kind of bacterium, the indigenous GELRITE- with the longer termi soil incubations as in the bottles, either
hydrolyzing bacteria. Mihrococcus /ut'us was the only other all of the microbial responses to A. gloh/curntis were actually
bacterium from amrong those that were tested that was to the GELRITE hydrolyzers that had responded to A. g/oIbi-
stiniulatory. but the numbers (Ifthis bacterium are usually low ormnis, or only the predator responses were actually associated
in soil. with the A. globiforinis cells. An argumient in favor (of' the

The fact that those bacteria hydrolyzed GELRITE did not former and against the latter is that A.g Iobý'formos did not dlie
seemn toI be significant other than that they could be detected back in the soil flasks but actually multiplied, Uinder the same
(on media solidilied with GELRITF. The reason behind the conditions, the hydrolyzers decreased in numbers. Even in soil
response oft indigenous GFl.RITE hydrolyzers in soil toI bottles with their longer term inctibations. the numbers of'
A. glohi/binmis was unclear. They did not respond to addition added A. ghlibilbi-mi~s cells only slowly' declined during pro-
to soil .of' pure GELRITE, various other chemicals, or longed incubat~ion.
A. glob ifi.rm i~s culture filtrate~s. They did, however, respond to As rioted earlier, sequential additions (If A. globiformnis cells
au.toclaved cellIs oft A. glohif~riris. When the response to soil in soil bottles did not cause at Coriecspomiditig sequeiitial
oIccurredl. it apparently was not one of extensive cellular mimI- increase in bactk rial predator numbers. This streiigthened the
tiplication. This is concluded because it occurred so quickly. argument that the predator respons~e was toI an intermediate

ewithin, 2 5 h . This would seem to indicate thIt the ora ism, such ats the bydroly.,ers. inistead of' a direct attack
response actually was some kind of a breaking of dormiancy (of tin A. gilohiforfliis. A possible explanation was that., when
a preexisting population . It is not known whether cysts mnight A. globi wrini was added to solil,. the indigenous hydrolyzer
represenmt the dormatu a fi o rm. bacterit, r-spiindcd 1o A. g/iobffniwiis by breaking dormancy.

Inr soil bottles incubated 3 days at 6(ze of, soil MH[C. the The activated hydrolyzer baoctria then caused the roultipl ica-
increases in tiunibers oft U . ne(alor. strain IL-2,. total bacteria. tioi (of' the other bacteria. However, in the process the
and grami-negative bacteria in response to added CIELRITE- hydrllyzer bacteria also suffered serioIus atlack by thle prcdli-
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to r bacteri.1 As at result, the h ydrol y zer bacteria wer im n atbhle Ceo iD, L . F.,JR. 1 987. Rclart ior to coppet ol N - I a nairobi i ate
t0 reCspondL again when [tic next addition of A. globi ju-mis cell,, bacterial predator. AppI. Lriivirorr. Microbiol 53: 1515 -- 1518.
wats made to the soil. -___-- 1 988. ResponTISe in soil oft' 'upriaviduivisr neaor anrd other

As noted ahove. the rLSUlts of' these studies suggest that copper-resistant bacterial predators of bacteria to addition of"

Arr-hr'obtictr cells s irmilate a breakin- of' dormanicy b' wateor, SOtLN ulll nuriellts vaifolus baCte r iil spceOr hO ilhox
t, . y t~~~~~horintigirnsi.% spores/crystals.Ap Fio Mcbi.54hivd.rolv icr cells, which inl turn stimiulate extensive roultiplica- 2!26.- A~l nio.Mirbo 4

tion of other hacteria, both gram positive and negative. inl the tABEDAr, t). P., lItNi, C'. MI., anid CAH'.snr L. Ei... JR. t1974. Plar ne
soil. This overall sequence, however, appears to be usually ioaino aiu aaacn'~tv irognssfo ol
prevented hy the activity of the bacterial predators. The preda- AppI. NIicrohiol , 27: 432 -434.
tor bacteria attack thm' hvdrtoly;ýer' hKctcria (and other bacteria), LIN, C. C., and CAxSroDs 1.. 1".. JR. 1984. GYELRITE as, ai gelling agent
but 1rot the Ardt hohaucit cells. The bacterial predators them- iiinwoedia for the gros tlr of' therniophil ic microorganism.Is. AppI.
selves, however. are held in cheek by the fact that they remlove hrnviron. Microbiol. 47: 427 -429.
the hydrolyzer bacteria from major activ ity' in the sequence. MAKKAR, N~.S.and CASslo..\ L. H-. JR. 1987a. Technioquie foir
This prevents the hydrolyiwer baeteria from responding further estimiatinim low numbers of a bacterial strain(s) in soil. AppI. Erivi-
to the Arrhrohacter- species, and the other bacteria in soil fromn rrrn. Microbiol. 53: 8871--M18.
responding, to the hydrolvier bacteria. As at result, the preda - 1 9871) Ct~riavi(iririo neo gen.i n. ,q. novr~'. : a itnonibli

toir bacteria do noit henel'it front additional numbers of' these 3ate 3a23 r- 3tpearr r atri n6. it .S .Bcero
other bacteria tok serve ats prey: cells for themn. MAI I oRN, I.. W ,, Yr K. C.-S., 1.1 .'N(, 1.-N.. and AI rXAr\ OR. M.

1 983. Alternative pres : a ecehamnsti lhr elimri nat ion (it h acte ri a
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