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slang-Jug pomlinnn is a rod-shaped, spore-forning hactsrinn

whose options growth tonperstuo is bemoan 25 and 37 c (nergoy's

banal fa Dotsrninative Bacteriology. 1957). Although this organise

is generally oonsidsrod to be an anaerobs. it has been shown that the

species can constinoo grow in an environ-sot that is initially

aerobic (heft-ans and Harshsll. 1965). As a culture of this organics

grows. it produces an entresaly potent onetonin which see he lethal

to selected vertebrates (unease. 1959). Oral ingestion of this

sustain rather than an infection by the «ultra is that lakes

9.-MIlene-rout.

There are six distinct antigenic types of g. botulint- which

are classified as A through 1'. The toxin produced by each type is

neutralissd only by its typo-specific antitoxin and it is by a

nontralisstion test that the species is identified to type. All types

of 9,.mcan cause both hoses and aninol hotslisn. hat types A.

I, I and I are those nonally associusd with hues botulios nhile c.

D and l are the types that are soot often associated with anissl

botnlisn. Type c botclisn affects a large variety of sainsls bet is

particularly noted for causing large nortslities anong sildfowl in

the western prairies of the United states (Sciplo. 1953). Botnlisn

type D has secured prinsrily in teeth African cattle but it has also

been shove to be lethal to cattle in Australia (Si-eons and 'rsnasnagi.

19“). Until recently. the aninsls soot cos-only attested by type I

because sore donesticated sink (Scholtsns and Coshon. 1965).



A review of the literature (Delano. "60) shows that type I

botuliou has usually been associated with a series envirouut.

Cases of hues botulisn have usually been traced to isproporly

prepared narins foodstuffs. such as pickled herring. sslnon eggs

and whale scat. Pedorsen (1955) concluded that g. bgtulfl type I

is very prevalent on the sea botton and several recent investigations

have shown the organics to be present in both the Atlantic and Pacific

Oceans (Hard at al.. 1961; Craig at al.. 1968). Although Prevot and

Inst (1951) shoved the presucs of Q. bosgnun type I in fresh water

porch in hence. until recently there has been little reason to

believe that g. baggin- type I could be a factor relevant to the

ecology of the Great Lakes.

The iirot evidence that g. bogglinun type I was present in the

Great Lakes cans in l960. whu an outbreak of botulisn occurred in

tunnoapolis. Bianssota. tucked ”ciseos" frou the Great Lakes served

as the vehicle for the food poisoning (better. 196‘). Another

outbreak of hunan botulisn occurred in 1963 which was attributed to

sucked “chubs' taken fron Lake Michigan (Beholtons and Coohon. op.

cit.). In the fall of 1963. a large nortality of gulls (gr-2g

W1.-W. 19m minim) and an!“ other

species of watcrbird occurred on Lake Richigan (lay at al... 1965).

Iinilar nortalitiec. of a greater or lesser extent. have occurred

every year since l963 (Pay. l968) . Ixaninotion of blood and tissues

tron s randon sampling of these dead birds have shoun the presence



of varying accents of 9. 29m type I toxin (Kaufman and Pay.

19“; Pay. 1966). Subsequent investigations have shown the spores

st 9,.M type I to be widespread throughout the Great lakes

(’“m .‘ n1" 1965; 30“ .‘ cl" l96‘)s

The details involving the Lake Hichigan ustorbird nortslitiss

and the discovery of 9.Mtype I nicroorganisno in the Great

Lakes present good. but only oircustsntisl. evidence that type I

botulisn is the cause or the bird nortalitiss. To be reasonably sure

that botulisn is causing the deaths. a susceptibility level for the

birds not be dstsrnined and than a source of the toxin in a fora

suitable for intoxication nust be found in nature. Honhsinsr (1965)

studied the susceptibility of Ring-billed Gulls (y.W

to type I botulinol toxin and although botulisn was induced in then.

no definite level of susceptibility was deternined. Also. no direct

oviduce of ”naturally occurring" type I botulinal toxin in the Lake

Michigan ecooysten has yet been recorded. this study. in part. thus

provides the uoosccry evidence to conclude that the waterbird

nortelitiss are indeed caused by type I botulisn.

the second objective of this study is to session ecological

factors that uy have influnced shat appears to be the ”sudden

occurrence” of type I botulisn in the Great Lakes. It is recognised

that the last of investigation. rather than the absence of the organics.

nay mount for this apparent sudden occurrence. however. several

changes in the Great Lakes ecosysten in the past decade could possibly

accent f. this elevation into proninsnco of 9. pm type I.



Two of these changes are the invasion of the originally marine slowife

(Along pseudoharengus) and the accumulation of the chlorinated hydro-

carbon l,l,l-trichloro—2,2-bis(p-chlorophenol)ethane (DDT). Besides

providing a new vehicle for intoxication of waterbirds, the slewivss

may provide a suitable medium in which g. botulinum type E may grow

and produce toxin. DDT and/or the chemical make-up of aleuives may

affect the growth characteristics of g. botulinum type B so that it

produces toxin more readily than under the previous conditions of the

ecosystem. Also, DDT (O'Brien, 1964) and botulinal toxin (Brooks, 1964)

both affect an animal's nervous system and there thus may be some sort

of interaction between the two materials when both are present in an

animal. This study, therefore, also examines these aspects of DDT and

the alewives in respect to their possible role in the occurrence of

type B botulisn in the Great Lakes.



n
‘

'
a
u
'
l

l
‘
»

*
v
o
-
n
'
s
‘

 

m
A
-

"
.
'
“

I

 

 

 

MATERIALS AND METHODS

Wheaten bosom. All cultures of Q. botulinun type I

paused in the laboratory during this study uero grown in the case

basis bacterial growth nsdiu. This nediu contained 3.02 'i'rypticeso

(Isltinoxo Biological Laboratories), 0.32 poptone (Difco), 0.21

curses (Merck) and 1.0! yeast extract (Difoo). Anaerobic conditions

were produced is the culture by the addition of 0.1! oodim thiogly-

collate. Prior to sterilisation by sutoclaving, the pH of the nsdiun

was adjusted to 6.0 by the addition of hydrochloric acid. hereafter,

this bacterial nediun will be referred to as 1781.

The strain of Q. botulinun type I used throughout this study use

isolated by Er. 2.1» Johnston (Iced and cm Adninistrstion, Detroit)

fron a fresh "vhitefish chub” tat. free Lake Michigan in 1963. this

strain is identified by the Food and Drug Adninistration so 020-080x.

A culture of g. bgtulinun type I was produced using the Vancouver

Barring (VB) strain, which is a "co-on” laboratory organics, but this

one used in only one phase of the gull feeding experiments.

At the beginning of this study, 13 xi sores-cap culture tubes

containing '1'"! had been inoculated with a spore suspension of the

QMWL incubatndst300for13hoursandthonfrosen

at -13 0. these frosen cultures, thovnd just prior to use, were the

stock used so the initial inocnlu for all subsequent cultures.

Actively growing starter cultures vars used for inoculating the

nsdi- for each culturing superman. These starters were groun for



13 or 2‘ hon-s at 30 or 13 c respectively, depending upon the

to-crsture at which the experiment was to be conducted. The length

of tine that the cultures of each expsrinent were held in the

incubators at each tenporature were deter-iced by the results of a

pilot study. Cultures for this pilot study were incubated in three-

oIsIco prescription bottles at 13 or 30 c. One bottle was renewed

each day for 13 days fron each tenpersture and the level of toxin

dotsrnined to ascertain the tine period for scrim- toxin production.

Titration of the toxin produced by each culture was coco-pliohed

by intraperitoneslly injecting Swiss-Unborn:- white nice with various

dilutions of the culture broth. The nice, which weighed between 13

and 21 gran. were raised specifically for this study by the Wildlife

Pathology Laboratuy of the hiohigsn Dopartnsnt of Conservation at the

Icon Lake Wildlife Ioonarch Center. Dilutions of the toxic cultures

were node with a buffer solution containing 0.21 gelatin and 0.“

dibasic ssdiun phosphate. The pH of the buffer was adjusted to

approxiastely 6.2 with hydrochloric acid. All injections used for

titratiog toxin consisted of a 0.2 nl aliquot of the diluted culture.

The results of the titrations are calculated in terns of sense LDSO

per nilliliter of culture by the nothod of Reed and Huench (1938).

Type I botulissl toxin is known to have the property of beesniag

are toxic uh- afijectad to the onsynotic action of trypsin (Duff at

al.. 19“). lessons sons fern of self activation nay occur in none

cultures and not in others, a sore accurate essence of the total



assent of toxin present in a culture my be the toxicity following

trypsisisation. Therefore, all cultures also were titrated after

the incubation of equal parts of culture and a 1.02 solution of

trypsis (Difco, 1:250) at ‘0 c for one hour. The trypoin was is a

solution of Sorsnson'o phosphate buffer (Clark, 1928) at a pH of 3.9.

All cultures were exssinod nicroscopically to check for the

occurrence of bacterial contasinaticn. Also, a specific toxin

centralisation test was osploynd to ascertain that the lethal agent

in each culture was Q. wing type I toxin. Mice were injected

intraperitoneally with one unit (1,000 anti-Hm) of sonovalent

g. 125% type I astitoxiu (obtained frou the Conunicable Disease

Cater. Atlanta, Georgia) followed inediately by an injection of

culture containing a lethal snout of toxin. This injection of

culture, however, contained less than 1,000 souse sinisn lethal

doses (m). Survival of the protected nice and deaths of unprotected

nice identified the lethal agent as g. botulisn type I toxin.

51g.“ of Mus cg toxin prodggggn. Various asounts of a sterile

slowifs honogenats were added to the basic TPSY sediu to detersine

whether sons aspect of the chenistry of alswivns can affect the

production of toxin by g. Etulinu type I. Trash-fros- alswivns

that had be. tab. by trawl fros Lake Iichigan were thawed, out into

pieces and added to an equal value of distilled water. This sisters

was than placed into a Sorvnll Oni-nixnr and hosognnissd. The

supernatant which resulted fros centrifugatiss of this hosogonste at



60,000n g for 30 sit-too was passed successively through silliporo

filters with sosbrno porno sinus of 3.0;. 1.2}, 0.65; and 0.22}.

The fluid was filtered through each siss nonbr-e several tines until

it flowed freely. Pisal sterilisation of this alnwifn extract was

unenliohod by passing it into a sterile disposable Ialguo filter

with a sssbrsne pore sire of 0.20,.

The sterile alnwifn extract was added aseptically to ass-ts of

M! at a rate such that after the addition of one nilliliter of

starter culture, the extract sado up either 2, 6, 0 or 16 percent of

thststsl100slvol-s. Thsesntsisarsusedforthisoulturisg

were three-ounce prescription bottles. Pivn replicate ultsros were

run for cash percentage of fish extract as well as for controls

containing an extract. this espsrisou was carried out at both 15

ad 30 c for incubation periods of tea and five days respectively.

Titration of the toxin in those alnwifn-m cultures followed

several schedules (the procedures were sodified several tisos during

thisstudybeeauseofthe largonusbersofsicoandtissinvslvedis

this typoofbiossoay). these cultures growsst300weroeossyedby

isjoctisggroupsof tension. Dilutions of these culturesworessds

suebthatousgruupofsioehadlsssthos502bntsorsthas02

sottaluy while another group had sue than 502 but less than 1002

ssrtality. The cultures incubated at 15 c were assayed by injecting

groups of five sins. Dilutins used for this lot of cultures depended

upon whether or not the culture was treated with trypoin. Ilsa-treated



culture dilutions were undiluted, 1:10 and a two-fold serial dilution

with the lowest being 1:50. Activated cultures were titrated using

the case dilution schese for these cultures containing less than

50,000 sense USO/s1 toxin but for cultures with higher titers, a

wo-fsld serial dilution beginning at 111,000 was used.

“fact of gm: Q goxin pgdggfigg. the effect of ossll ascents of DDT

onthsprsductionoffi.MtypeItoxiawesdetsruissdbyadding

in levels of DU! (p.p' issuer. 1002; City Chen. Corp.. '3.) directly

nun-mummummmnmr. mourn.

first dissolved iaaostessand dilution prepared so that theedditiss

ofosonilliliterofasotaswouldsdd5,50or500partopsrbillion

(ppb)tho the TPIY. Aeostrol utnftubes reeoivodesssillilisor

sfM-freoasstone. Theseuboowerethnutsclevodtostsriliss

tossdi-ndtodrivooutthoacetose. Thsesslodtuboeth.

roesivsd0.05slofiseeul-andworsinoubstsdatoithor15ec500

ferns-drivsdoyorespsctivoly. Pourreplicstss foreaohWTlsvol

ondthoeestrolouerornsstesdtesperaturo.

The botulisal toxin produced is these DDT-TN! cultures was

assayed by injecting groups of three nice. A two-fold serial dilution

was used, with the lowest dilution being 1:50 for non-trypsiaised

cultures ad 131,000 for activated cultures.

 

n. Interniauion of the possibility of an interaction between typo

IbotuliseltosinudDDTiaasi-lownseceospliohedbyinjeotiag
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DDT (p.p' is-sr. 1002) dissolved in corn oil iatrqorit-oally into

four mo of 60 white nice at the rates of 5.0. 7.5, 10.0 or 15.0 q

of DDT per sense. A consul group received - injection of corn oil

only. Appronissuly 22 hours afar the DDT treats-st. the nine were

injected istchritcusclly with dilutins of a pure altars of 9,.

WWI. Pivo dilution sfculturnwero used, rangisgfr-

1:50 to 13300. A control group received . injection of the gelatin-

pbespbato buffer diluut. All injections were of 0.2 al.

This cupcrissnt thus contained 30sets ofnicowhich bedbecs

injectedwith various lovolsefbotb nor-abounds: toxin. Inch

soteoataissdtennies. Iontoftbosetseontaisedfivesalesosd

five fancies, but in several isstsseu one sauce was clisisotsd fros

agivos set dustoloshegeof isjsctsdsotoriel. Thesiesweighod

bonIeonllendilgr-eosdthssstowerosohessgnso-eopossible

withrnqccttsthsweigbtsofthsdes. Iadsotofsieewaohsld

issnisdividnslbesandwaoobservedfersisdsysfsllswingthom

injection. Deusiuwenressvedfrosthsbouoo. Thorecnltsare

Mocmtsgsofsicsaffcctsd,sffcctsdniesbcingthcsc

chotdieddcrisgthetsstsadthesethsthsdtypieslnnttrosoroat

thsosdofthooixdqssstpsried. Thisencrisostwasrepliasted

ascendtiss.

W.0m- mum I-

the prissry species of watcrbird a which a test the effect of 5,.

mwltenisboeausssfthnrslotiveeasewithwhiehthsy
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csnbeobtaissdasdbocausocftheprovisuowsrkdosewiththss

(medicines, op. cit.). ling-billedOnllo audIerring Cells 0,.

Whichwsrethrestofivnwschooldverotakoafrcsagsll

sootingeslosylooatedosnorthershflrnhsroansarlogsr'sCity,

lichigcs. California Gulls Q.W wereanasyoung

. the Deer liver Iigratery Iird Isfugc (sear tugbo- City, It‘) and

shippcdtclaotl-nuingbycirexpress. Allgullswnrsholdispsco

sttholesslakowildlife Research Center ntiltheywnrofullgroua.

Their dict consisted prisarily of alswivns supploncstsd periodically

withcaunoddegfsoderrussat. Adssscfthiasisshydrcchlorids

was also given periodically to prevent vitasis deficiencies caused by

thisniscsuintho alswivns.

Tosinfsrfcsdingtcthegsllounooulturcdissss-litsrprco-

criptisn bottles at 30 0 for five days. then held st -15 0 until used

in the feeding trials. The toxinwco fed to the waterbirds using a

syringe udablusted ill-inch lfgaugssccdlo. lhebeskwao'hald epss

ad the needle placed into the throat as as to avoid getting the fluid

into the trachea. The toxin was slowly injected into the esophagu-

asd the bird was then held with its neck outstretched for qprouisstoly

one sinute so that the fluid soured tho gastro-intsstissl tract

.d could not be rcgurgitated. Ilisisotios of the possibility of oral

irrigatiouduotslergovolanssefflaidwasscsqlishcdbyfesdisg

thslargsrdoonoisnliquotoof10nlstistorvalocfesshour.

no differences in the susceptibility of waterbirds to toxin

produced by different strains of 9,.M type I, so Icons (1962)
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found for chickens, was doeornined by force-feeding ting—billed Cells

with 60,000 scene 10.!) toxin. Pour birds received the '11 strain of

culture and four received the 026-wa strain. This culture was in a

vol-ssflosl. TwogroqoofthrneCsliforniaonllowornalssfed

thsdiffcrcntstrsissofcultnrn; onsbird incanhgroupwasfcd

60,000, 00,000 or 120,000 scuoo 141.0 in a volus of 10, 20 or 30 sl

respectively.

QMtypeIstraisou-waonltnrowao used udstonm

the suosptibility level of ting-billed cello. Pour grows of 10 gulls

were fed fros 1,500 ID to 30,000 In nu-trypsin activated toxin.

Inurgroqscf fonrgnllowerofodfros67,500I.Dto250,000m

trypois-octivatod toxin. All birds received a vol. of 10 n1. Cntrol

groqoiselsdsdfivegellofod 10slof aeuniussulsted‘fnfasdfive

gulls fed 10 n1 of tho gelatin-phosphate buffer which was used to bring

he can doses to their final vol-s.

Icvernl other species of waterbird were fed strain 026-000x alters

in doses ranging fros 30,000 ILD to 150,000 10). These birds included

15Ioning0nllo,ono0reatllnoheroa(m_gw, onoCosnos

mmm.umnmucuummunnuo.

WW- 0- M- ". 1967. um dud

aluivcs worn collsctu fron Lake lichigan just north of fadingtsn,

Indigo. m of the fish were collected free the bottos of the late

by scuba diving in 25 feet of water about 300 yards free the shore.
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the ether sin iish were taken iron the beach, tee at the high-water

line and teer trcn the water's edge. the water tenperatnre at the ties

e1 eolleetien was apprainately 17 c (62 I) while the air uweretnre

was sheet )0 c (mreninstely 80 I). All fish were yet iate platic

be. which were placed an ice within 20 ninetea alter ecllectien.

he tish were taken into the laboratory, held at l C everaight ad

tented theiellewingdq fer tygatbctelinsl tcnin. leehiiehwes

plasedsnebesrbantpeyerteraneveeneesaneistereend, tellewing

weighing. ent inte neverel pieees. A yetate rieer wee need to erase

theaeyieeaaendthejnisesthnssbtainedweredilntedwitbtbe

gelatin-pheaybste bniier. tines the endileted jnisea at even iresb

iiab bills injected nio, as lewest diletien need was 1310. lighsr

dilntius need were a twe-ield aeriea beginning with moo. no

jeises were alae treated with tryysia ad dilated in a siniler afier.

teatingisr typelbstnlinalteniawaadenebypreteetiag the-ice

with syeeitie antitsnia. he den were weed tor eeab diletien at each

fish.



RESULTS All) 0186388161

MW.sorghum-luau"-

found to be present in the alswives collected frcn both theheach

and water sf Lake Michigan (Table l). the tonic was present, therefore,

in a vehicle seitahle for the intcnieaticn of fish-eating waterbirds.

Increased taicity was not found after treat-ant with trypsin and it

e- be eenslndad that the tccinwes present in the activated fore.

the fish which were collected free the beach Qpeared to have

been washed ashore the preceding day. tons fengi were growing on the

fish bet they were set yet beesning daasieated. both of the fish

eellsctsd enderwetar were considerably decayed. Dish ls. l was

esqletely severed with fence and the head was nissing. fish lo. 2

was partially severed with fnagns hat was whole ad lees deceyed.

ltienowevidentthflfimtypeltenindeesenistia

the Lake lichig- esssysten and it is interesting to apeselats absnt

theeselcgyofthis tuin. Althenghthstcninwcsfcnndinalysns

location, there is no reason to believe that it is restricted to Inst

pcgrnhisal area at even the tin of year at which it was fond.

nemtmtmtfiinmfcndbownehuugbeedudhue

water raises the prefsud pessibility of accidental been intuieatien.

Miensly, it wen“ be heirable te have nose investigsti- into the

eeslegy at this natnrally eecnrring tonic with respect to possible

h-an invelv-snt.

M
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table 1. ‘glggggigigg,bc53m35 type I toxin in alswivns taken frcn

the Lake hichigan ecesystnn.
   

  

 

 

 

as: _‘:=‘ ~===£ w W

Highest run In

fish tits Height of dilation. lib tsnin tonic in

I'm eellsctsd fish (gab to hill.niee - per gn fish fish

1 Underwater l! 1:000 d,000 10,000

2 ' ' 26 11100 500 13,000

3 leach at 30 0 -—- --

‘watere edge

3 ' ' ll 0 -—- -—-

s ' ' 31 o ... ...

7 bench at high 30 13100 500 15,000

water line

0 ' ' l1 1:100 500 13,500
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WWW.nun-ah . mu

n-ber of galls were fed tonic prodneed by different strains of

5.mtype I, it is highly probable that gnlla do very in

their susceptibility to tonia prodeaed by different strains. All of

the California Gallo fed the 026-030: strain of tonic developed

ante- of botulisn and died, while no sins of illness of an hind

were observed in these that reeeivod the n tonic (table 1). statis-

tical .alysis by the non—pcustrie Fisher tract Probability test

indicates that, in doses fron “.000 to 120,000 10.0, the prsbdility

is only 3.08 that California cells will be killed in eqnal n‘ors by

thousstrainooftcsinnsod. Allof tholing-billedullsthat

received 00,000 10.0 of the 020-0”: tcin booe- cbvionsly ill .d

twosf thudiod,whilesnlycnegnllfedthontuinonhibited

slight syntsns of betnlian. tens of the other ling-billed cells fed

the w tsnin bosons visibly ill (table 3). The fisher Inset trebability

test indicates only a 1.1: probability that the two strains of tonic

tested have the a. effect on ling-billed Gulls.

tonia feeding trials nsing varions doses of aon-estivatad tsnia

strain 020-000! ednistered to the ling-billed Gallo indies“ that the

1.050 is apprui-tsly 12,000 nonso 10.0 (table 0). However, cslonletion

by the nothod of bed ad bend: (op. cit.) gives o 1.050 of jest endsr

10,000nonsoll0. thalevelwhiaheaeseoSOporeantof thegnlls to

been. ill is eslenlated to be approninately 12,000 nsnso 160. One of

ths'llsfed galetin-pboaphatebefferae socntsel died, bet itdid
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tile 1. tesnlts fron feeding California 0ells levels of tonin

prcdncod by two strains of g. Engine type I.

E; A rat: 
 

 

42::

Does fed 3 n ed.

(10.0) '8 026-000:

00,000 Lived Died

00,000 Lived Died

120,000 Lived Died

00esgnllreeaivodnolovelofasatraincf tonic.
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table 3. lesnlts frcn feeding ting-billed 0ells d0,000 m of

torinpredncadby twostrains «QMWI.

W

Strain of to. of gnlls lo. exhibiting lo.

genie fed fed botnlisn amt” dead

 

V11 0 1 0

020-0008 0 d 1
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tale 0. lssnlts fro-feeding ting-billodcnllavarions levels of

3,.Mtype I strain 026-080n tonin.

 

 
 

 

 
 

 

Due fed to. of gnlls lo. exhibiting 1-: llo.

(10.0) fed A botulisn qutons desd__

30,000 10 10 0

22,500 10 0 5

13,000 10 8 A

1,500 10 3 i

hinoenlsted

nadi. S 0 0

Gelatin-phosphate

beffor 3 0 1
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not staibit any sywtcns of botnlisn. tone of the gnlle receiving

the trypoin-aetivstsd tonic or the uinocnlatod 1'08! boo-e ill or

died.

the resnlts frcn feeding toxin 026-080: to the other waterbirds

indiccte that these species nay vary in their snecsptibility to the

ruin (Table 5). inch larger nnfierofbirds wonldbo needed to

deter-ins specific levels of tonin that are needed to prednen specific

affects a

the difference in s-eoptibility of the gnlls to the differnt

strainesffi.mmtypeltoniabooeneeofgrestintnrestwhen

consideringbeththetainlcnndinthedeedslewiveeendthemm

seneeptibility levels of the ting-billed Gallo to the 026-000n strain

oftsnia. Althoqhtho-snntsoftoninfoudinthealewivessbonld

besefficienttosichenorkillnsnyofthognllsthatnightoattho

fiah,tbegnestionnrisenastowhethertbisstrainefteniaistds

tegnlls. thisspoeifistssiafronthefishweeaotfodtsgelle,bnt

tny(1066)repertedthatssnedeedalswivespiehedqalengthebeaehsf

Lekeliehigudidhillsoneoftheeaptivegnllewhichehthund

thattypettssinwastbendeteetedintbnbloedfrontbeaegells.

this difference in onsoeptibilityney also .wer the genetics arising

frnthofeettbntthstcinfc-dinthofiehwasastiwoted-dthet

gelleroertebeleaosuoeptiblstetrypsin-entivstsdtuin. the

tdlfeudinthsfishisprdablyinsmweydiffetsntfrcethstuin

neediathielebotsteryonperinent-dthestheuetuinennyaffest
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table 5. losnlta frcn feeding varions waterbirds tonin prodnced by

 

 

 

5.Mtype 3 strain Old-000:.

==:_ “ m A- w A 4 “4—— :===

Dose fed No. of lo. exhibiting ls.

lpecies (10.0) birds fed betnlisn synta- dead

herring 0ell 05,000 5 5 1

herring Gull 90,000 5 d 0

Earring all 155,000 5 5 0

Great line Boron 150,000 1 1 1

0s.n 1e. 150,000 1 1 1

Ioraed Grebe 30,000 1 1 0
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galls differently. The proteolytis processes of a gull's digestive

systen nay denature the trypoin-actiwatsd tonic produced in the

laboratory but not chngs the activated torin found in the fish.

ch3gfiggticn as a fgggcn of gigs god tumours.

the results illustrating the relationship of tnin production to tine

ad tenperatnre are shown in Figaro 1 for non-activated senles.

figure 2 shows the curves for trypsia-astivated couples. Iron these

curves, which are drawn by inspection, it was decided that oaltnres

groweat150shonldboincubatedfsr10daysudthooogrowestloc

should be incubated for five duo. the diletius for titrating the

non-activated sanplea were a two-fold series while these for the

activated senplen were a ten-fold series; this tn-fold dilation

series ashes it difficult to ocqere the titers of the activated

sales of each teqeratnre.

We'mdmmui-mfl

typetgrowninmrconteininngerefo-dtobee-t-instedby

other basteria .d all of these ultnros were typed positive for 5.

Mag-type! rain. ttatisticel analysis of the toainitienef been

altaresatiliasdonlythseelbwvelneeebtainedfronthotrypsia-

astivetedhninfleblod). dun-aqunlysisefvarieneeefthees

detnfleblenindiutethetthelevelsefw‘fanediathisefiem

didnotaffeotthsnenntsftninpredneed. dlee,thorewasno

interesti. in the cultures bone“ 00‘! ad teqeratase when occidering

theeienreoftsniapreheed. Iowover,thie.elpsisdneeiediea.
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Curves showing the relationship of production of Q, botulinum

type E toxin (non-activated) to time and temperatures of 15

and 30 C.

23



 

  

500,0004

0 - toxin produced at 15 C.

x - toxin produced at 30 C.

50,0004

5,0004 x O

A 500.

c:

S
s
1-!

x
0
U

'3
a 50"

.4
H

n
U

o

a:

5.

f I I I I I I I I I I I I 1 I Ifi

 

Time (days)

Figure 2. Curves showing the relationship of production of g, botulinum

type E toxin (trypsin-activated) to time and temperatures of

15 and 30 C.
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table 0. s-ery of the tuicities of 3. type I snltares

greeninmenntaininghb'fat15and300.

m: r :5 ::=3

W _

15 c 30 c

00! 30316307 (IDBO) ‘_“_ toxicity (0330)

(m) lcn-trypsinised trypoiniaed lon-trypsiniaed trypoiniand

0 1,105 109,090 1,520 102,505

0 1,000 100,000 1,000 92,595

0 1,200 205,300 2,290 123,000

0 1,105 175,000 1,000 102,505

5 5,005 007,005 2,105 07,720

5 575 205,300 2,070 07,720

5 2,105 205,300 2,290 07,720

5 2,290 100,500 2,290 102,505

50 1,335 205,300 2,070 102,505

50 1,000 205,300 1,000 105,020

50 1,000 205,300 1,000 105,505

‘50 1,200 205,300 2,070 102,505

500 1,105 205,300 1,335 07,720

500 2,070 100,500 2,290 50,035

500 2,290 200,305 2,290 123,000

500 1,335 175,000 2,290 07,720
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table 7. Insults of the analysis of variance of theltenieities of

theg.

003 at 15 and 30 0.

type t cultures grown in trtt'esntaining

 

 

tenperetura l

00! 3

Interaction 3

trrer 20

total 31

1,029,011,201

90,070,311

151,009,310

730,000,070

2,010,002,000

1,029,011,201 30.03

32,150,770 1.00

”.‘1‘.“. 00“

”p7”g“, '.
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that, at the 992 signifienee level, there were differences in the

“to of tuin produced at the different cornerstones. the neon

velnnofthebnieitiesoftheoeltareeincnbatedstucwas

210,002 1.0” while that of the salt-es grown at 30 c was 97,029

1050. therefore, it can be concluded that 9,. ”mm mo 2 strain

020-0”: predates significantly nae tain when inctbeud in 200'! at

15 c then at 30 c.

thefastthatthootraineffi.mgmtypstnsedinthis

enperinsuproduesonntetsninatucthsnetJOCboldesignifieant

eeelogisaliqlioatiens. lhsopti-ngrswtht-peretnreefthis

mummmuuumuasnc.m

epeneensutrntisassftbsverionsnntrisntsiathegrowth-di-

(telnn, 1900). 1thaebesnfoued,bowever,uattbeopnsieswill

predneesnell-o-tsoftsninattenperstaroeaslowasl.30

(Id-“total” 1901). lflergeaenntseftypetbotnlineltsnia

seabeprodeeediaanterestuc,esieinplicdbytbiss.erinent,

sesautbeniaforthatgivenasnitablenedin,aneneueftenins-

bepredeeedinhehelicbig-(uciewithiathewaterteqoreturca

achievedbyhsholichign). thieideeisinfoetsbstantiaudby

thepmlydisueedfindhgdtypelbetalinsltuininthedeed

alowivestahsnfrenthsbottcnsfhfisliehign. ltispesoiblothet

thespti-growthseqeratareforfi.mmtypeldiffersfrse

themataresfsptin-tonieprodastion,althonghthnprednotionof

taisattholewts-srs-seesodiathisoqerinentnqbeoqneliw
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of the particular strain of Q. botulinum type B. Strain 026-080x

was isolated from the "cold" environment of Lake Michigan and it is

not unreasonable to prOpose that this strain, as well as other strains

present in Lake Michigan, produces "large" amounts of toxin at

temperatures lower than is considered "optional" for the species.

Effect of alewiveo on toxingproduction. None of the cultures of

.9, botulinum type B grown in TPSY containing alnwifn extract were

found to be contaminated by other bacteria and all of these cultures

were positive for type E botulinsl toxin. Statistical analyses of

the toxicities of these cultures utilised the L050 values from both

trypoin-activated and non-activated samples, depending upon which

treatment gave the higher value (Table 8). A onevway analysis of

variance was used to analyse the toxin levels produced at each of

the two temperatures because of the different methods used to titrate

the two groups of toxin; if a two~way analysis of variance was used

and a significant difference was found between the two temperatures,

it could not be determined whether the difference was due to variations

in toxin levels or to the variation of the titrating method. Due to

lack of homogeneity of the variance terms of the L050 values of the

cultures grown at 15 C, these values were transformed to logarithms

before statistical analysis.

The analyses of variance indicate that, at 30 C, there were no

differences in the amounts of toxin produced at each level of alnwifn

extract (Table 9). However, at 15 C, there was a significant

difference, at the 97.52 level, between the amounts of toxin produced
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table 0. lu-nry of the toxicities of g. beglinun type I cultures

grown in 2902’ecnteining levels of alnwifn extract at 15

C“ 30 Co

W' A; “‘ 3::

a 2 u ___

15 0 30 0

lercast
. toxicity (103°) Toxicity (10:9)

Icn-trypsinised trypoinised lon-trypsiniaed trypoinised

0 0 250 000 70,300

0 300 09,050 3,200 0,220

0 300 03,900 2,900 03,300

0 020 139,770 550 10,000

0 020 00,300 090 10,000

2 070 070 72,070 70,930

2 0,010 90,100 30,730 9,100

2 3,200 29,070 23,200 37,000

2 7,200 120,050 52,000 350

2 10 0 00,050 30,770

0 500 070 00,700 30,010

0 75 05 30,030 30,000

0 05 15 05,070 3,100

0 0,930 00,000 53,770 0,070

0 300 290 00,300 1,210

0 75 0 00,010 1,000

0 00 0 50,030 17,000

0 05 0 51,020 050

0 300 05 07,570 27,700

0 15 0 00,970 020

10 75 030 00,050 1,070

10 00 0 90,100 52,000

10 300 1,300 01,350 250

10 05 0 100,390 7,010

10 00 0 59,000 320



rcbls9. Insultsofthenalysisofvarienenofthetcaisitiessf

the _c_. bgulinun type t cultures green in 270! cuteining

levels of alewife extract at 30 c.
 

 

 

m m

touree of Degree of fun of

variation froedcn squares lean square 7

dlewife levels 0 5,590,995,700 1,119,799,157 2.11
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at the different levels of alnwifn extract. Duncan's How ultiple

tango rest (Duncan, 1955) indicates that the nounts of toxin decrease

progressively as the levels of slewifs in the culture increase

(table 10).

the data presented on the toxicity of the THY-slewifo cultures

tend to indicate that at warnsr teqeratures n alewife any be a

suitsblenndinninwhichfi.b_p_tp_l_._i_ggtypt couldgrewsndprodues

toxin. This is substantiated by the finding of toxin in the alswivns

which had been lying in the sun on the bench. However, the data also

indicate that at lower tenperaturos toxin production is inhibited by

the fish extract and extrapolation of these data to an alnwifn as the

entire gruth nediu, leads one to expect very little taxis to be

produced at low tenperatures in an alnwifn. this, then, conflicts

viththeidcathattcxinecnboproduendinanalnwifeinhahe

Inchign, although toxin was fond in such a fish.

toweralpoasiblo cnplnatisns cube given as towhy typo!

botulinaltcxinwae foundinelewives taksnfronthobottouoflehe

lichng while this experinent indicates that toxin levels should be

very law. this eaporinent was carried out using pure cultures of

§.Mtypetbut itwouldbohighly unlikely thatspurs culture

wouldoeurinafishialehnuichigen. gagglggtypelheabeen

shown to have different toxin producing detectnriatice wh- grown in

associati- with other bacteria (Valeaasule et al., 1900). Also,

toxin any be produced by strain 020-000n or author strain in an alnwifn

atlswtsqeratursowhaniaonbated foraperiodlsngerthenwasused
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table 10. Results of fin .nlysis of variance ad Duncan‘s how

lbltipls tango test for the toxicities of the g.m

type t cultures grown in.290!’conteiniag levels of alswife

extract at 15 0.

 

 

 

WW }#%

toarce of Degree of I- of

variation frendcn squares Mean square 7’

Alewife levels 4 22.20309 5.55002 ms

trror 20 25.93703 1.29005 -

tetal 20 00.10072 — ..

 

Percent fish. . g _,_,..,, . _._1.0______L J..____..9...

 

Othcselovelsoffishbeuoenwhichtherearenosignifieant

differnoss are underlined .
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inthisexperinent. Another possible explanationisthottoxinncy

beproduesdindeadolewivcswhilothoyarocnthebocehandthat

thasefiehcrethenwaehodbachiatofioweter duringastoru. the

eslderlehewater would tendto"preserve"thetoxin. therearethas

an-ber of factors that could influence toxiaproductiee in thelehe

lichigan esosysten.

in interesting phensnsncu occurred in the nit-alnwifn cultures

incubated at 30 c; the toxicities of the trypsia-cstivatsd s-leo

decreased progressively as fie level of fish extract in the cultures

increased, while u.- toxicities of the na-cstivated sun-,1.- than.“

as the level of fish extract increased. ttstisticol analyses of these

data by the non-paranetric Sign test (Siegel, 1950) indicates that,

at the 992 significance level, trypeia increase the toxicity of a

culture when no fish extract is present but when 102 fish extract is

present in a culture, trypsin dnsrsueo the toxicity. lxanination of

.tho unchanien of fiis phcnsnsnoswas acconplishod by repeating the

eaperinsntct300nsiag firecreplicstseosfioftheoxandlfl levels

of fish extract. However, prior to adding the fish extract to fie

culture, the extract was heated at 121 0 for five uinutes to denature

any protein present. the results (“table 11) show that heated fish

entrust does not inversely affect the activation of toxin as does

unheated fish. A ave-deny analysis of variance of fioae data (table 12)

indicates that there are no significant differences in the anouets of

toxinprodacedbctwoenthe02and102fishculturosorbotween fie

trypoin-cstivated and the nee-estivated couples. the nsu-pcr-strie



fabloll. 0.xryefthotoxicitiosdg.mlimtypetcaltares

grown in.trt! containing 02 and 102 heated alnwifn entrant

  

  

 

 

at so 0.

====~ _3: a======:' ‘ fife ~+A —:=:____=r

Percent A f toxicity (“50’

alnwifn 'fiznetrypiinited ps #_J

0 070 22,005

0 335 2,000

0 335 13,335

10 335 2,000

10 000 13,335

10 000 13,335

 



table 12. Insults of fin analysis of variance of the toxicities of

tugmtypotcultureagrowninMoontaining

02end102hcatodalcwifeextraetct300.

W

 

...... of Degree of u- of

veriatia frosdon squares Hoax square 9

Aluife levels 1 7,570,352 7,570,352 0.000

trypeia 1 302,005,002 302,005,002 3.103

Interaction 1 53,503,007 53,503,007 0.071

Irrer 2 227,009,035 113,700,017 -

30001 5 050,710,050 -- ...



30

test could not be used to analyse fiesc data because of the snall

a-bor of replications used. the snall amber of replications is

also the cost probable reason fist significant differences were not

found baboon the activated and non-activated toxin.

the conclusion that can he nude free file culturing experinsnt

using heated alnwifn extract is fist fie protein present in . alnwifn

extra“ obviously effects, in acne way, the toxin of 9,. 1m

type 2. the protein probably affects the toxin at the nclefilcr level

and it is possible that it activates the toxin in a cancer siniler to

trypoin. This is substantiated by the fast that the toxin fed in

the fish was activated. the unchnian of this “activation“ «not be

exactly the scan as trypsin because the aolecule would not fies lose

its tniciw when treated with trypoin. as it did in this experient.

suc sive botuli l and adninis a to t

mm. the results frcn injecting nice with both 003 and type 2

botulinal taxis are shown in table 13 as the actor of nice affected

ever fie total saber of nice injected with each level of toxin and

DD! for both replications of fie exporinent. Inspection of fines

results indicated that sales and fennles reacted sinilarly and so the

data in this respect were conbieod. ttctistical analysis of these

results utilised a two-way analysis of variance, although fie data

were first changed to percent affected and than transfer-ed wifi the

Arcsin transfornstion. This nalysis (table 10) indicates that, at

the 97.52 significance level, fisrs were differences between DD‘r levels

aswellasbetwcnntsxinlevela, fidtherewascninterastienbefiesn
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table 10. results of the nalysis ofm of the nice affected

bysueesaive injectionsofDD‘fendtypelbotalinel

 

 

toxic levels 5

nor levels 0

interaction 20

lrror 30

total 59

0,005

00,750

3,907

0,221

090

215

10.19

30.27

2.30
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Mad typelhetelinelteeiewheeeiteetin; eieeee treetedie

thie men-eat. thie eeelyeie elee indieetee thet the DD“! treeteeet

levele etfeeted e11 eiee eieilerly in the eoetrel grew thet

teeeiwee DD! enly (r e 1.10).

the elepe e! the DDT-hotelieel teeie ietereetiee ie ehwieee true

the dete; ee the lad e1 teeie eeereeeee, it tekee e greeter cent

e1 DD! te eneet the eiee. whee ee ”50 ie eeepeted hy the eethed

e1 Ieed ene neeheh (up. eit.) fer theee eiee efteeted ee eefi level.

ethetelieel teeieeedeedleweletm, theelepeeeehegrqhieelly

illeetreted (11;. 5). the elopee eeleeleted hy the leeet eqeeree

nthed for both DDT end hotelieel ted: ere wirteelly untied. It

ehoeld he eeted, however, thet the 501 peint meted ier eeeh level

e1 Wt ie dependent epee the level e! teeie end wiee weree.

r. eeeertein thet it wee the teeie end eet eoee ether eeteriel

ietheeeltere thetee-eetheintereetiee, mere-ped50eiee

were injected with the different levele e! but. he of theee grape

wee thee injeeted with e 1:500 diletie- e! «here which hed heee

treeted with eetieeru epeeitie for 3. 1932.1!” type I teeie te

ieeetiwete the tale tree the culture. he reeelte (tin 15)

elelyud hy the Inmate pelted t-het ehow thet, a eppeeed to the

group e! eiee thet receive! the 1:500 eiletiee e1 teein net treeted

with eetieeru (t I 1.708), e etetietieeny eieiler e-her e! eiee et

eeeh- level e! m wee effected in heth grewpe (t I 0.511).
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Figure 3. Points at which 50 percent of the mice become affected

when injected with levels of DDT and Q, botulinum type

B toxin.
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tehle 15. heelte tree injeetieg eiee with e 1:500 diletien e1

hetelieel teeie preteeted with entieer- epeeiiie fer

type 8 toxin. Iigutee repreeent the nueher of nice

eueetee ever the tetel euer e1 eiee injected with eeeh

 

DDT hule

W

1:500 dilution e0 Gelatin

m tuie tuned with theephe.

(ulneee) epeeitie entieem letter

5.0 1110 0/10

7.5 0110 5’10

10.0 ”10 0’10

15.0 ‘ 0/10 0]10
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A peeeihle explenetiee ef fiie intereetiee liee wifi fie nodee

ef ethic of fin tee uteriele. the nervene eyeten ef DDT-pinned

ninelereepeeee teeeiegleetiuleewithetreieefhigh—freqeeney

i-nleee, melting in ere-ere in the mini (o'lrien, 1967). Smu-

dpeieeeinghevebeee eeereleteewifi fieeeeeentretieeefm in fie

eeetrel neeveee eyeten (Dele et el., 1505). Ithe prinery node of eetiee

dbetelieeltenineiepreventingthereleeeeefeeetylehelineet

fielinergieelly eetivetee nerve eyupeee (Iroehe, 1500). tyler (1905)

eeted thet the teeie ney effeet the ehelieergieelly eetivetei

inhibiteey tern. ef the epieel eerd (leneh- eelle). therefore, if

fieefilefielleveleeffiehetnlineltuinueeinfiieenyerineet

ifiibit the ifiibitery eelle ef the epinel eerd, fie inpnleee eeneed

by the Mwenldhe traenittednere freely firongh fie eeetrei nervene

eyefin .0 the elicit e greeter thee netnel rupeeee. Int, ee the

deeege ef tenie deereeeee, the effeet en theee inhibitery neereee

deereeeee although eene effeet ney be preeent et fie nyeneetel eyeepeee,

th. giving 'preteetiee' free the Ill-emu! trenere.

Wfieteeetieeuetbeenereieedwhuentreyeletiegdete

frudeeinjeeteeinfielfietetetyteeeineleeefieyeeeerinfie

will, itdeeeletqpeerthet-yeeelegieel eignifieeeeeeeebeeen-

elnledwh-reletingfiereenlteeffiieenperinenttefieleheliehigen

until“ mute. 00 Int, luleveleef betelieelteeiIney

preteeteueiedividnelhirdefrenm, bntitdeeeeeteeenlihelyfiet

leegembereefhirlewenleebtein fiepreeieeqeentitieeeffietne

enteriele that fiie expeunfit indium ie neeeeeery for en eetegonien.



the reeulte of file efidy inly, qnite eceeleeively, thet the

Leke Xichigen weterbird nortelitiee ere indeed eeneed by type I

betnlien. Q.Mtypeltesiewee fenndintheeeeeyeteniee

vehicle eeiteble for “infection of veterhirde end the gen eeeeep-

tihility experiencte indiccte fiet fiete wee enough teein in fie deed

elewivee te effect neny ef the birde thet night eet th-. A teneining

piece of infernetien thet wenld be deeirfile in - ebeerveticn ef e

free-living weterbird eeteelly eeeennieg end then beeedng effected

hyeneterellyeeenrriegteniefieh. thiewenldbeeeentrenely

difficult tech, te eey fie leeet. 1t wenld elee he deeirehle to etedy

the effeete cf veriene eevirenneetel etreeeee nyen hirde effected by

enb-lefiel inch of 9,. 19535;. type I tenin.

the eecend objective of fiie etedy - te deternine fie reeeen fer

fieenerent "enddeeeeenrrenee'ef typelbetelieniefieoreet

lehee - ie, ufcrtneetely, etill net eeqletely newered. thin etndy

indieeted thet DD! yrchfily hee not directly inflneneed fie eeenrrenee

ef the dieeeee by either effecting fie prodnetien ef tcnie er hy

eetieg eyeergietieelly with the toxin in effeeting ninele. however,

anbenindireet infleeeeehytillieg fiehwhieh fienney

heeueeeeitehle nediuinvhichfl.ng_l_imtypel e-grewend

yrednee tenie. Int, eeetedieeheveyetyrevedm tcbe fieeenee

ef eey fieh .rtelity in the career hehee.
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M

rhcrelefiettheclewivecpleyintheoccerrencecftypel

betnlien in fie Greet Lckee ie etill uncertein. Thin etedy hee chown

thet ct werner teqereteree en clewife c- he e eeiteble grevfi

nedinn for tenin production bnt, ct colder finperetnrec, en elewife

would not be c eeitehle nedinn fer the predectioe of tonic. Rovever,

fie feet etill reneine fiet type! toninwee fonndindeed clewivee

tehen free hfie Iichigen. ln eny eeee, the recent cdvut ef elcvivec

in the wper Greet Lckee doee provide c potentielly ncre eveilehle

vehicle ef inteniectien cf weterhirde then wee preecnt before fieir

invecin. Another role thct fie elcwivec ncy heve pleycd in relctien

to type I hotelicn in the erect Lchee ie fie poccibility fict, cince

9,. mm type I in ecneidered to be of ncrine origin, the elewivee

ncy heve intrcdneed the ergfiicn into the Lehec whnn they invedcd

free eelt wcter. lhie ie indeed en interecting hypethecie.
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