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| A baCteri’ophzigC (Ll) was iéolated from spontaneous clear plaques in a lawn of

v1rulent (mopkey) Bordezella bronchtsepttca “The bagteriophage L1 was

ehdraetenzed in. accordance wxh the gu1de11nes established by the Intematlonal
Commlttee f’or the Taxonomy of Vlruses (L. C T V.). Morphologically;
bacter‘lophdge Llisa talled centracule bactenophage W1th an 1cosahedral head.

The buoyant densuy of bactenophage Ll in cesmm chloride was, found to be l 50

‘g/ml‘ The nuclele ‘acid of b,acteno,phage L1 is a single piece-of linear double
 stranded DN/;\ with no evidence.of modified bases. Restriction enzyme analysis

'leye-aled the-lgenomed to be appr'oximately'S(l kb in size. Bacteriophage L{l is

sensitive to l‘M sodium chlonde solutions and temperatures in excess of 4°C for

-

extended penods of tlme Host range expenmematlon revealed that bacgeriophage
L1 produces lytlc mfectlon in strains of B. parapertusszs and certain strains of B.

bronehz;eptzclcz, however,- B. pertussis strains tested showed no lytic infection. In

: additio_n‘ to the guidelines for bacteriophage classification issued by the I.C.T.V.,

protein pattems of bacteriophage L1 compared with bacteriophage T4 and ?\. were
produccd by SDS- polyacrylamlde gel electrophoresm of [1251] labelled v

bactenophage 'I’he resulung protem pattem of bactenophage L1 was distinct from

thosc of bactenophage T4 and 7\. Autoradmgraphy and stammg with € omassie
@ E4)

"'bluc rchaleéfour major bands at M, 351( 33K 18.5K, arid 17K. Fw ..more,

Call wsuahzed protein bands lwere surface labelled and therefore presumably exposed
on the surface of the bactem,phage To screen other members of the Bordetella
species for. bactenophage homo.logous- to bactenophage L1, colony blot

hybridization was conducted on several strains of B. pertussis, B. parapertussis,
R o g .. iv . ‘ , .
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and B. b’ronchisep’tica usinglpniek-trarislated bacteriopha‘ge L~I DNA as 4 probc |

Hybndlzatlon ‘was most prominant w1thm the strains of B bronc}usepaca therc.tore ‘

P

further screening was done in the form of dot blot hybndtzatton and fm.tlly

Southern blot hybndlzauon on certam strains’ of B bronciusepnca .Three strains of

" B. bronchzseptzca isolated from the same bordetellosls outbreak as strain A(JI'L

/

» camed homologous bactenophage -The bactenophage detected by Southern blot

hybrtdlzatton appeared to bc in the non- lysogemc or non- mtegrdted form. In

addmon, one other strain of B. bronchtseptzca produced a band in | the Southern

blot that weakly hybridized with bacteriophage L1 bt did not correspond to aﬁy"

bands in the purified bactenophage L1 DNA Thls strain, may possxbly carry a

lysogemc bactenophage which is homologous with bactenophage L1. The posstble

relevence of bactenophage L1 is also dxscussed

<



)

ACKNOWLEDGEMENTS
| The z;uthor_-wishes to e‘xpres‘s her appreciation to Dr. M. S Peppler

for Ahis gﬁidancé anvd support during the course of study. Also, the author
wishes tb thank the members of her supervisory committe for their |
. guidcncc: In additién: the z_lqthor wishes to thank the following peopleband
_acknowledge their c'ontributions in fhc preparaﬁon of this thesis: Dr. L.
Frost for her assistance .:with résuiction mz?l.)pin g; Dr. W Pﬁranchych for
allowiné fhe"author t‘h.q. opportunitjr to wprk iﬂn his laboratory; Dr.R. L.S.
Wh.itehogsc for thé electronmicroscopy; Mr. R. W. Sherburne for
photography; ‘Ms. Q.-M. Sun, Ms; K. Voth, and Mr. B Paloske for
technical avls‘sistan‘ce, and ﬁﬁally, Dr.D. E. Taylof, Dr. G. McFadden, and
-Dr."W. Paranchych for use of restricti;)n enzymes. The author also wishes

to thank Dr. D. L. J. Tyrrell for his support .



TABLE OF CONTENTS

' page

A DS ITaC T e v

List of T.ables ................................................................. e, Xvi

LISt - Of #FLGUIES.ceetuiiiiie i ot e e, Xvii

.List of Plates .................................................................................... Xix

D LiSt Of  ABBIEVIALONS. ... eoteeeeeeree oot XXi

1.0 INTRODUCTION

1.1 The Genus Bordetellae............ e o P v

1.1.1 The Bord/etellaa species......c.o...... e I

112 The Mammalian Pathogens.......... ................ e, PSRN 4

1.1.2.1 Bordetella pertussi’s ............... PP . 4

1.1.2.2 Bordetella pc‘zrapertuss:ls ........... ........................... 4

1.1.2.3 . Bordetella bronchiseptica.................... SURIRORURO 5

1.1.3 Relatedness of the Mammalian Pathogens....................................5

1.2 ; Virulence-Associated ‘Factors.................. ......... peeees e 6

1.2.1  Dermonecrotic Toxin.......c...co.o...... SRR |

122 Fila.memov_us haemagglutinin..............cor i -7 ....... &

123 Adenylate CYCIASE.. iuomveeeeeeeee oo 8

1.2.4  HaemolySin...........ccoooeeiioeieiieeeeeeeee e, e, 9

- i'.2..5_ Agglutinogens............. PP 10

"1.‘2.‘6 'fertﬁSSiS'_ toxin.....;..... ..... ....... 1()

13 E.xpression of Virulence-Associated Factors.......ccoovinimin i1
S B4

vii



- ' ) ’
’ .
3.1 '-P'has'e, Variation.....0eoooor . . ...... 11
1.3.2 ,» A"ntig‘cnic_ Modulation........ . ) cenennid13
1.4 Influence of Bﬁéct,criophagc.on Expression of Virulentc-Asség:iated Foctors ..... ‘_..121
1.4.1 Bacteriophage of B. "pertu;v'szjs ..... e _ ,15 .
T 142 Bacteﬁ'ophéée of‘B._bronchiSep‘ufca...‘.“..‘.....’..: ......... s ...... 17~
1.5 Bactcriophagé..: ......... ! [T I..q ...... ) ........ 18 ,
' 1.5.1° Prooagafi;/e Szfategies......L ...... R 18
. 1'5'171\ Lytic Cycle.n..n e e 19
1.5. 1& Lysogemc Cyclc...;......f.............N..' ..... ——— .19
‘-‘T 5.2 Relauonshlps of Bactenophagc and Bacterial Host Cclls..;....z ....... '..19
1S.2.1 Lysogemc Conversion............. s 19
1.5.2. 2 Pscudo-lysogeny ......... ..... 20
L 5 2. 3 ““Bacteriophage Convcrsiovn‘s‘ .................... P 21
- 1.6 Bacterlophage C1a551f1cat10n .................. e ........ 21
- 1:6. 1. Taxonomy of Bactenophage ...... eeeeedieeeans 22 -
1.6.2 Present Cntena for Bactenophage Taxonomy ........ 24 '
1.7 Scope of PrOJect.............._ ...... SOTOUS PR N S eterenes e 26
2.0 METHODS AND MATERIALS
2.1 Bacterial SITAINS.......ccooiiiveiieiiiieteeetsieeeee et ee e o eeee e e e e eeeni s 27
2.2 Media..oo i e, e 29
22.1 B. L-Gengou Agar..iiiiiiiiiiiiearans ...... 29 L
2.2 Cyclodextrm Solid Mcdlum.........;;‘... ......... ..... 29 .

viii



h |
€ ' : ' " ~
2.2.3 Trypticase Soy Broth............ [RTRITRT . S SRUURURRURRRRRPPPRR 29
224" Trypticase Soy Agar................. e ——— S 29
2.2.5  Stainer-Scholte Broth......... / .......................... s a0
2.2.6 L};-'Stainer-Schollté Agar................ e ?()
2.2.7  Luria-Bertani Medium...................ccoocoooorceerirrrrirmrir. 30
,8.2.8 Luria-Bertani Agar...............ccoooeen. PP 30
229 Slop‘py agars .' _
2.2.9.1’ PBS-Sloppy Agar.................... ORI 30
B : 2.2.9.2 Luria-Bertani Slopppy Agar...................... 30
2.2.10 Storage of Various Media."............... a3
2.3 Chemicals and Reagents..................... ."".-L ....................................... A .31.
"‘Budffers ‘ | |
- 2.3.1 SDS-PAGE Running Buffer...........ccccocoooereiiiniinn, 3 |
2.3'.2 Phosphate—Buffered Saline............. TP R e 31
2.3.3 Lambda Diluent ......... e e 32
234  Tris-Acétate (TA) BUffer. ... e 32
2.3.5 Tris-Borate (TB)_ Buffer.........cc.ccc....... e beestrenee s 32
2.3.6 Agarose Gel-Loading Buffer........... e e RUTOTRY: K]
2.3.7 Ethidium Bromide Buffer...............ocooeiiiiniiiiiii 33
238 SSPE..oiiiiieseieeeee e, ) .33
2.3.9 SSCeiiiiiiinn. PRI T U 34
Staini_ng' Reagents o
' 2.3110 Coomassie Brilliant.‘.lue Stain......... s e _ 3 4
- 2.3.11  Silver Stain Rcagents..........:.......;'.....h.........; ..................... 34
*2.3.12  Ethidium Bromide  Staif........ccooccoovervirrrrerrsorrroeroeennn, 35

ix



Enzymes' ‘ o \\\ - oy
2.3.13 V Restriction Enzymes................. SO URRUUUPRORPRRPIY 35
2.3.14  Proteinase K......ooooooiiioiiiiiiniiiinnn, 436
2.3.15  RNase....oooveereians, VPSPPSR PRROON 36
Solutio'ns | _
2.3.16  Equilibrated Phenol..................... e 36
2.3.17  Isoamyl Alcohol-Chloroform..........ccooiiioiieiniiiiin e 36
2.3.18  Ether $aturated Water.....oooooooooroooorroooe oo R 36
2.3.19 3 M Sodium ACEtate..........oooooooeomoeooroomeo . e 37
2320 0.5 M EDTA...oooooeciooonee S | { ....... .37
2.3.21  10% SDS....cocccoumn, R RN \37
2322 1 M Trls ..... et 37
| 2323 10% Trlchloroaretlc Acid (TCA).......‘.......I .......... R S
2.3;_24‘ | Laemmli Dlgestlon M1x “\,\, ....... .38
2.3.25 SDS,-PAGE Reagents for Gels ...... .39 :
12.3.26 Protem Molecular Weight Standards......'....';» ........... Teereeeens .40
2.3.27. . lodo: GenTM ...... RTIR 40
2328 ANDTOInE™. . .o O
.;2.3.’29‘":'.Geﬁecleanm..” ..... SR
2330 G 75 Colum..... oo i 407
‘2.‘3.31' .Cesmm Chlonde Solutxons .................... .......................... 41
v -‘_2.3..‘32. Dlphenylamme Reagent ...... e s 41 R S
2.4 ‘Isolatlon of Bactenophage L1 ...... S ...... o4l
2.5 Determmaucm of Bacterlophage Ll Txter (Plaque Assay) ..... 42
2.6 Preparauon of ' Indicator Plates...' ..... e ..... )43



N

\ 2.7 Growth Curve§ 6f the Indicator\Strain B. pa‘rapernm‘si.s"17'9()?-.........‘ ......... f‘
2.8 Propagation of Bacteriophage L1 ~___ ’
“ 2.8.1 Soft-Agar Overlay Method.........cococoein.... e, 44
2.8.2  Broth Method.........c.oooiii e e 45
2.9 Concentration of Bacfcﬁobhagc'Ll and Purificatipn .................. ........ 46
2.10 Propagation of Bacteriophage T4 and A |
2.10.1  Bacteriophage T4 w.coocooooiieionrrr oo A8
2.10.2 Bacteriopha‘g}éb‘i....-....;...‘ ..................... TP TUTUTOTRIR 48
2.11 Determining tﬁe Titer of T4 and A ......... 19
Co2.12 Electrclm Microsébpy .................................. - TR :...5()
213 S_urface Labélhng of Bapteriop’hageLl, T4, and & ........ ‘3()
2.14  SDS-PAGE Protein Palterm...........ccocccoorooorocorrrrrroios TS
2.15 Staining of the SDS-PAGE Mini-gels | ‘
2050 Silver StaMING...oo e 51
| '542.15L;2JL' 'C’oor'n\assie Brillli'a‘nt' Blue.......... ..................... e )
2 1? Nucleic Acid- Det¢rrﬁinétion....;‘ ....... SO SO 53
217" Bacieriophage DNA [50lation......q.rroorrr s L
2.18‘. Restriction Analysis of Ll‘,B:acteriophag‘e DNA |
. 2.18.1 Restriction Enzyme Profile......................... S ‘...'55.
2.18.2 Rcstriéti_on 'Enzyme Map ....... 55
. 2.18.3 ‘Analysis of the large Xba I Fragment........................ e 55
+ 2.19 Analysis of Bacteriqphagc L1 DNA Ends
2.19.1  End-Labelling...........ooovo. e e e 56
2.19.2 DNA Reassociation EXperiment............ccccoeuerurrnnee. S 7
. 2220 {_Nick-T’I‘rans‘lation.‘ .................................................... RO 57

xi



2.21 Isolation of Bacterial DNA
2211 . Mini-method.......cooovreerirrierieneeneens, SRR, 1.
2.21.2 Large Scalc Chromosomal Method........................ e e 59

2.22 Preparation of Nitrocellulose Fllters for Bactenophage [.1 DNA Hybndlzanon

© 2221 Colony Hybridization................ e sresrierenene e s 60

2.22.2 Dot-Blot Hybridization...........ccoooiivniinn, R ...61
‘ . ®

2.22.3  Southern-Blot- Hybridization.......... PRSP 62

223 I~beridization of Nick-Translated L1 DNA to Bacterial DNA...... .........63
‘ _ A ‘ /

3.0 RESULTS

~

3.1 Isola_tioh of Bacteriophage L1

3101 Ti-t:ar of Bacteriophage L1 on Broth Culturt:.........\.J ............... ...64
3.1.2 Pléques on Indicator Organisfn ........... ' 64
3.2 S‘oft-Agar’Ovverlay Methd‘d of Bacteriophage Pro_pégation ............. e rA
3.2.1 Effeci of {meicnt Temperature on Lysis of the
| Soft’-\Agar‘ Overlay Plates...............;..........; ........................... 64
~ ' 3.2.2 Optimal Harvest of the‘ Soft-Agar Overlay Lysates.........cccoceenen. 65
323 Paratmcter's Iﬁvﬂuencing the Titer of the Bacteriophége Lysates........... 66
3.2.3.1 Bacteriophage Adsorption at Room ‘T'emperaturc ............. :.66
3.2.3.2 The Effect of Calcium and Magnesium lons |
on the titers of Baéteﬁophage Ll s .67
3.2.3.3 Optimal Multiplicity of Infection (moi)..........ccoceivennis 67
324 Summary e SOOI 72

CoxX1i



3.3 Broth Method of Bacteriophage Propagation................... e, 77
© 3.3.1 Parameters Influencing t}/'ne;._’l‘itcrof Bactcri?phagc L1

Lysate in Broth CUMUTE oo 2 e 77

3.3.1.1 Pr;)duction of Log-Phase Host Cells...........cc.....ooo. 77

3.3.1.2 Correlating Optical Density of the Culture with Viable #

3.3.1.3 Adsorption of Bacteriophage L1 at Various Multiplicities of

. Infection and Temperatures............ e 83

34.3.1.4 Determination of Optical Multiplicities of Infection............ ‘89

3.3.1.5 Detrmination of Optical Incubation Time........................ 92

33106 SUMMATY...ooiiiiiiiiiit i 92

3.4 Morphology of- Bacteriophage L1 .......... e SRR 95

3.5 Testing for Bacteriophage L1 Plaque Production on Strains of B. pertussis.......95

3.5.1 Growth Curves of B. pertussis strains and_Efﬁciency/éf

Plating ... 95

352 f’laqué Forrr:lation on Strains of B. pertussis....... ... 100

3.6 Concentration of Bacteriophage L1 Lysates............c........iooovveennnn. 102
3.7 Sensitivity ofBacteriophage L1 to the Environment

371 1 M NaCLcoiiiieiiie e 103

372 1 M CSCliriiic e ) 103

3.7.3  Chloroform.......... N v e 107

3.7.4  Temperature................ e 107

3.8 Purificati_on of Bacteriophage L1 on Cesium Chlornide Gradicnts. ................ ﬁ.107

3.9  Protein "Pattern.............. ................................................... 108

3.10 Burton Diphenylamine A‘ssa'y. Results............ e et 117

xiii



N
N\

3.11 Restriction Enzyme Mapping...........ccccceeiiiis e, ....... 118
3.11.1 Restriction enzyme RrFOfile......cccorrveeiiererriieeernniee. e 118
3.11.2 Rcstrictionuernzymes used for mapping..........ioeieeiiiiriiiniiininnn. 118
3.11.3 Single digestS with Ss¢ I and Xba L. e, 125
3.11.4 Double digests with Sst1and X5 Looooovoreeovcioereennn. 126
3.12.4 Restriction enzyme .map ............................ e ’....126
3.12.5,"{"‘5’ End-Labelling.........c..icoocoe e e 132
3.12.6 Reanneaiing I:kaperiment.....'...'...‘ ........ ,; .......... e e 135

3.13  Hybridization Studies................. PP p 135.
3.13.1 Colony Hybridization........................ \ ..................... 136 -
3.13.2 . Dot-blot Hybridization........cccvrerrrrsrerscoorsccrrso 1136
3.13.3 Southern-blot Hybridization..........f ....... e ———— s 141"

¥

4.0 DISCUSSION

4.1 Characterization of the Bacterioﬁhage L1

................ e 150

4.1.1 Taxonomic Characterization (I.C.T.V. Guidelines).........cccoeieuenn. 150

] 4111 The Nucleic ACdorererirnnsirsronrion 150

41.1.2 The Virion ProPer.........cooooonn. e ..5150

4.1.1.3 Host Range of the Bacteriophags L1........ ........ R 151

4.1.2 Properties of the Bagteriophage L1 not required for the |

Taxonomic Classification of Bgcteﬁophage- L1..... T e 153

’ ‘e 4.1.2.1 Protein Patter......oocooee.®eereeeeeennn, i 153
v | 4.1.2.2 Restriction Enzyme .‘\,Inaiysis ........................... 156 .

xiv -



4.1.23 Analysis of the Termini of the |

Bacteriophage, L1 DNA. Foeoieciern, g 157

‘4 2 Relatlonshxp of Bactcnophagc L1 to’ the Bacterial Host...‘.:...‘.‘......f....\ ....... 158
" 4.3 Contributjon of Bactenophage to the VU’U]CHCC of the Bordetel. : species........ 161

4.3.1 Vlrulcnce Changes Influenced by Bactenophage of

B. pertussis ................. e : ........ 162
432 Pathogenicity of B. bronchiseptica..... SO U
433 B ‘parapertussis and B. avium..................... e T 165
4.4 Relevence of Bacterxophage Ll e 166
5.0 REFERENCES....oooooooovvoececeiasinnsennnsionios renenseesensecoessoes e 170
le | ) , ‘
6.0  APPENDIX......... e e D, e, 193

» . o )

N é
g
v

XV



" List of Tables

/q page
- Table 1: Differentiai .nd common éintigens of phase I strains
of fhe genus Bordetellae................... e 2
: Table 2: Differcntiat’ionzbetwccn Bordetella p'ertussz's, Bordetella
" pq'rapertus;vis, gordetélla bronchisebtica, and Bordektella 1 AV1 171 7/ S 3
T'able_3: Eii\léic “characteri'stics and frequency of major bacteﬁophage ETOUPS..ceeeeernnns 25

.. Table 4: Percent efficiency of plating € strains of B. pertussis and -

: B, parépertussis as determine for Boraet-Gengou (BGA),

cyclodextrin-solid medium (CSM), and Stainer-Scholte agar (SSA)....... ~..101

iable 5: Efficiency of concentration of bacteriophage O L 106
Table 6: Restriction enzyrﬁc profile of bacteriophage Ll'{s ................................. 121
Table 7: An}ilysis of the Zsi‘zé of bacteriophage L1 genome......cccoocomiiiininns. 122
.
» -
‘-';.

xvi



~ List of Figures
| pagé
Figure 1: Titers of bacten'ophag_e'“LI lysates harvested from
soft-agar overlays using various titers of bac‘teriof)hagc
to infect a standard bacterial suspensic;n ......................... s Cererennen 71
Figure 2: Determination of the optimal mﬁltiplicity of infection
for the soft*agar overlay method of bacteriophage L1
propagation: Effect of using various béctcrial» suspensions
for infection with increasing titers of infecting bacteriophage L1
and the titer of the resulting lysates....................... trrte e e aeesriona 74
Figure 3: Determination of the 6ptimal multiplicity of infection

for the soft:agar overlay.‘r’néthod of bacteriophage L1 .

R

bropagation: Effect of iﬁcneasing titer of bacteriophage L1
used to inféct various bacterial suspeﬁsions and the resulting
titers of the bacteriophage L1 Iysatés | »
Figux_‘e 4: Growth curvesvof B. parapertussis 17903 in TSB
~ without a standardized inoculum
Figure‘é: Growth curveé of B. parapertussfs 17903 in TSB
with a standardxzcd INOCULUM.....oooviiiene, reererereeneniad Lt 82
Figure 6:- Adsorptlon of bacteriophage L1 to B. paraperrusszs 17903 '
. cells at 4°c ANA 37°C.ooieiieieeiee et 87
Flgure 7: Optlmal mu}Uphcxty of infection for the broth method of
bactenophage L1 propagation.......ccccceeeveummmiioriaeriniiniinininniniiinna, 91
Figure 8: The opumal time for harvest of bacteriophage L1 lysates...........cc...... /.94
Figure 9: The growth curves for B. pertusszs BB103 in SSB.........c........ e 99
Figure 10: Punﬁcanon of bactenophage L1, T4, and A on

cesmm chlonde step gradxcnts ............................................... : .....-....,105

L : xvii



Figure 11: _Burton Diphenylamine Assay Standard Curve.....l..............

Figure 12: Restriction map of bacteriophage L1 genome..........cocooivininni,

.

oF

xviii



List of Plates
W
Plate 1: Electronmicrographs of bactcriophage L1 as determined
by negative staining with ammonium molybdate................
Plate 2: The protein patterns of bactcriopﬁégg L1, T4, cad A
| Plate 2a: Coomassie brilliant blue staining of bacteriophage L1,
T4, and Aoooveieririenes e, e
Plate 2b: Xutoradiographs of bacteriophage L1, T4, and A

surface labelled with Y251 ... .....ccooiiiiiiiiiiininniinn,

‘pugc

Plate 2¢: Silver staining of~bacteriophage L1, T4, and A.......cc..c.oeeenn 114

Plate 2d: Composite pictures comparing the Coomassie

_brilliant blue stained, silver stained, and autoradiographs

" . of bacteriophage L1, T4, and A....cccccccooveirmnvmceerrrernennns. e, 116

" Plate 3: Réstriétion enzyme digests of bacteriophage L1 DNA .............. S .124

Plate 4: Restriction enzyme digésts of bacteriophage L1 DNA using
e} AR :
~ the restriction ‘enzymes Ssz1and Xba L.....0.

Plate 5: Resélution of the large Sst I restriction f‘ragments ........ Feverenrena s aeear e s 130

Plate 6:+ %}lony-blot hybmdu.anon of the Bordeteila Spp., probmg .
it bactenophagc ‘£1 DNA...ooornn. FUTR

Plate 7: Two rephcate dot blot hybridizations of various strams of

. B. bronchiseptica with nick-trasislated bacteriophage L1 DNA

Plate 8: Preliminary screening of Southern blpt hybridizations of
various strains of B brbigclﬁseéticd-"wftl{ nick-translated
bacteriophage L1 DNA .

Plate 8a and 8b: .Ethidium bforx_lidc stained TB agérose gel (8a)
and resulting autoradiog;'aph (8b) of;tlﬂc' Southern blot of bacterial

DNA samples treated with the restriction enzyme BamH 1.....

xix

................... 138



Plate 8¢ and 8d: Ethidium bromide stained TB agarose g'e'l (8c)

and resulting autoradiograph (8d) of the Southern blot of further

bacterial DNA samples treated with the restriction enzyme BamH I...............

Plate 8e and 8f: Ethidium bromide stained TB agarose gel

(8e)

and resulting autoradiograph (8f) of the Southern blot of bacterial

DNA samples treated with the restriction enzyme Xba I

XX



ADP
ATP

B. bronchiseptica

B. parapertussis.-:

B. pertussis
BGA
BSA
cAMP
.CFU/ml
Cy/mM

- CPM
CSM
°C
DNA
EDTA

g

Xg

G protein -

Gi
GTP
L.C.T.V.
hr.

List of Abbreviations

adenosine diphosphate
adenosine triphosphate
Bordetella bronchiseptica
Bord;tella parapertussis
Bordetella pertussis

Bordet-Gengou agar

bovine serum albumin

" adenosine 3, S*-cyclic monophosphate

colony forming units per milliliter
Curies perv milliMole | |
counts per minute |

cyclodextrin solid medium

degrées Celsius P | -
deoxyribonucteic aci(é‘
ethylenediaminetetraacetic acid

gram

gram per milliliter

times gravity (centrifugal force)
guanine-nucleotide-  .nding proteins
inhibitory guanine-nucleotide-binding protein

guanosine triphosphate

" International Commitee for the Taxonom‘y of Viruses-

| hour

xxi



IgE ‘ immunoglobulin E

K antigen capsular antigen
kb kilo base
kD .ki'.n Dalton -
| A bacteriophage Lambda
L-sloppy agar Laurin-Bertani slopp.y agar
LA Lauria-Bertani agar
LB Lauria-Bertani medium
LDsy | lethal dose'for 50% of the test population
LPS - lipopolysaccharide
M Molar
- min. minute-
Mg . microgram
pul nﬁcmﬁter
{m micrometer
mM | milliMolar
mg milligram
m . milliliter
r‘nm{ . millimeter
N Normal
nm nanometer
O antigen somatic antigen
oD . L ..~ optical density
PBS _ p‘hosphate‘buffered saliﬁe
PEG | polyethylene glycol 4‘

Xxiil



SDS-PAGE

SSA
SSB
SSPE
SSC

T4
TA

TSA
TSB
uv

v/v

~ polyethylene glycol precipitate -

plaque forming units per milliliter

pounds per square inch

ribonucleic acid

rotations per minute
sodium dodecyl sulphaté
sodium dodecyl sulphate polyacrylanﬁde gel

electrophoresis

- Stainer-Scholte agar -

Stainer-Scholte broth

-

SSPE buffer

saline sodium citrate buffer

bacterigphage T4
Tris-Acetate b
Tris-Borate
Tris-EDTA

trichloroacetic acid

trade mark
temperature at which 50% of DNA in a sample -
dissociates

trypticase soy agar

trypticaﬁe sby broth

ultraviolet ;

volume per volume

xxiii



wt./vol. weight per volizjme

S

XxXiv



1.0 Introduction

1.1 The Genus Bordetella. The microorganisms placed withih the genus
Bordetella are bacterial, .resp'u‘atorAy" pétﬁdgens. Bioloygical(l’y, the organisms zirc small,
Striqtly ‘aerobic, Graxp negative coc'cob'éci‘.lli At.hat localize and prolifcraté on the
resbi'ratory'epithelial E;ells of r'nammalian or avian hosts (Goodhow 1980, Musser er

<

al. 1986). In addition to these similar biological' characteristics, all members of the
genus Bordetellae are serologically related (see Table 1)_in»th~atA all possess cross
~ reactive K and O anfigens ( Pittman 1984, Eldering eral. 1957).

1.1.1 The Bordetella species. The genus Borderella is subdivided into four

specieé bn the basis of phenotypic characteristics (see Table 2) inc__lgxdirgg growth on

Bordet-Gengou agar and peptone agaf,'lr_novt-i'l'ify," énc"iv'bioche‘m_ical capacities such as

citrate utilization, nitrate reduction, and urease and oxidase activity (Pittman 1984,

Goodnow 1980 ). Bordetella pertussis, B. parapertussis, and B.bronchz"septica are’

further distinguished serologically (see Table 1), by v"irtué"of species__spcqiﬁc antigens
also tefmed agglutinogens (Eldering etal. 1957). Eidcring etal, (1957) dcécn’bcd the
~ fourteen heat-labile "K" ainu'gens or ‘a_gglut:inoécns by their ability to produce anu'scra in
rabbits that causéd the agglutination of 'spccific_Bo‘fdetella .cells. Eldering er al. found
~th'at three agglutinoger;S, factors 1, 12, énd 14, w%rc species spc_:c.:i.ﬁc_. for B pértu.ésj.f;

B. parapertussis and B. bronchiseptica respcctivclS', and could bc: used to differentiate

between the three spccies." More recent stu‘di'cs Kave shown that agglutinogens 2 and3

are associated with fimbriae rather than "K" antigens (see section 1.2.5). The studies

of Eldering ef al. also predate the recognition of the fourth species, B. avium within the .

éénus Bordetella. Available serological data for B. avium are iricomplctc. 'Ho'wcvcr,

~
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Table 1: Differential and ¢~ 10n antigens of phase [ strains of the species of the
genus Bordetella.

B. B. B

Antigens pertussis’ parapertussis bronchiséptica
K-Antigens
Common to genus:
| Fact:r 7 + - +, ' +
Species Specific: | ~
Factor 1 + N g -
Fgctor 14 ' - + - -

Factor 12 - - +

~ Other factors occurring
in one or more strains:

Factors 2,3,4,5,6,13 + - .

Factors 8,9,10 - + ' -
Factors 8,9,10,11,13 . ) - +
O-Antigen, common + + +

(Adapted from Pittman 1984) |



. Table 2: Differentiation between Bordetella pertussis, Bordetella parapertussis,

Bordetella bronchiseptica, and Bordetella avium.

Characteristics B. B. B. B.
pertussis parapertussis bronchiseptica avium
Motility - - - -
Growth on BGA: ° )
1-2 days - | + | + .
3-6days - + | + o+ +
| Growth on peptoneagar:
J"Phase I - + o+ +
Phase IV + + B o+ R
Browning - + - +
Growth on MacConkey
g agar: - + 4+ +
Citrate Utilization: - + ‘ + o+
Nitrate Utilization: - ' - + +
U -ease ' - + | + : -
Oxidase ¥ - s

( Adapted from Pittman 1984) -



Hinz et al. (1979) reported B.-avium iselates had an O antigen which cross reacted
with an O antigen of a strain of B. bronchiseptica isolated from a pig.
1.1.2 The Mammalian Pathogens. With the exception of B. dvium , whieh was
isolated from domestic fowl with respiratory infection (Kersters et al. 1984 , Hinz ét
al. 1979 ), all species of Bordetella are mammahan pathogens These Bordetella
species demonstrate preferential adherence to mammahan ciliated epithelial cells B.
parapertussis ang B. pertussis preferentially adhere to human cells however, B.
“bronchiseptica strains preferentially adhere to nonhuman mammalian ciliated cells of
rai)bits, mice, and hamsters (Tuomanen et al. 1983). Aithough man can be infected by.
all three mamimalian pathogens, man is the only known reservoir for jﬁst two of the
three mammalian pathogens, B . pertussis andB . parapertussis ( Pittman 1984).'
This is interesfir{g in the light of reports of carriage of B. pertussis in man being:low or
nil (Linnnemann et al. 1968 ).
”1.1.2.1 Bordetella pertussis. In man, the most serious “infection is that caused
by B. pertussis. This organism is the etiological agent of the childhood disease
wheoping ough or pertussis, which prior to the extensive vaccination progre™ ~aused
the deéths f many children (Stewart 11984). The disease is characterized by « .calized
bacterial iftfection of the upper resplratory tract, specifically the nasopharynx and the
production of toxins which cause the characteristic paroxysmal cough and other
systemic sequélae including heuroic, ical symptoms, lymphocytosis, hypermsulmerrua,
and hypoglycemia. | "
1.1.2.2 _ Bordetella parapertussis Infection with B. parapertusszs can lead to
subclinical infection or may cause a milder form of pertussis (Linnemann and Perry
1977). In rare cases, infant mortalit/ as.a result of pneumonia and encepholapa_thy

caused by B. parapertussis infection has been reported (binnemann and Perry 1977).
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Infection with B. per:us§is and B. parapertussis are considered to be irﬁmunologically
distinct with no inductjoq oflcross irr;mﬁnity (Granstrom and Askelof 1982, Lautrop
1958). o

1.1.2.3 Bordetellaw bronchtseptzca O® occasion, man is infcctcd With B.
'bronchzsepnca producmg a mild respiratory infection, but thxs is rare and can be traccd
to persons in contact with infected animals: and is therefore con51dcrcd a zoonotic
. infection ( Goodnow 1980, Gho;sh and Tranter 1979). The rqajér problem of B.
bronchiseptica infection is in the sv:inc ind kennel industry and in laboratory settings,
where large numbers of animals are raised in confined areas ( Musser et al. 1987,
.Goodnow 1980 ). The ofganism is a major etiologicai ’agcnt,in éw\inc infectious
atrophic rhinnitis and pneumonia ( chis and Wilson 1985, Straw et al. | 19.83, Ross
et al. 1963, Switzer 1956), canine tracheobronchitis or kennel éohgh (Tischler and
Hill _1977, Wright ez al. 1973), and rcspiratéry infection in such laboratory animals as
monkeys, rats, :fabbits, ferrets, marmosets, and guiﬁca pigs ( Goodnow 1980, Ferry
1913).. The Qrganism is a}so responsible for epidemic infections in wild animals such
as foxes, opossums, racoons, and skunks (chié et al. 1977’, Pittman 1984).

1.1.3 Relat_edness of the Mammalian Pathogens. The three mammafian
pathogeﬁs, B. pertussis, B. parapertussis, and B. bronchiseptica, are genetically highly
reldted. Kloos er al. (1978) reported DNA homologies as determined by DNA/DNA
reassociation reactions of 72 to 93% betwecn strains of B. -bro‘nchiseptica and B.
+ pertussis and 88 to 96% between strains of B parapertussxs and B. pertussis. In
“addition, Kloos et al. (1978) reported Lhe transformation of leucine and tryptophdn
auxotrophs of B. pertussis by DNA of B. pa(apertusszs and B. bronchiseptica at close
to homologous vaiues.' Confirmation of the transformation system in B. pertussis was

done by treatment.of B. pertussis with N-methyl-N"nitro-N-nitrosoguanidine to create

N



auxotrophic mutants which were used as recipients in transformation experirﬁ ts.
Johnson and Sneath (1973) reported in a numerical taxonomic stxrvey t}:at thcjrains of
the genus studied had a cophenetic cc:rrelation of 0.96. Musser ez al. (1986) measured
the genetic diver§ity in natural Bordetella populations by analyzing the allelic variations ‘
of ﬁﬁccn enzymes by electrophoretic mobility. Musser_founa the mpulad%n structure
of Bordetella spc:cies to be clonal and suggested that the division of the genus

Bordetella into three mammalian species is not justified when compared to the diQersity
found within other genera of pathogenic bacteria. Unique to B. pertussis is the
production of pertussis tokin, a major virulence factor thought responsible for much of
the pathogenesis of whooping cough ( Pittman 1984). However, Marchitto er al.
(1986) reported that the pertussis toxin genes were present in both B. parapertussis

and B. bronchiseptica " but were not expressed in these species. Nicosia and Rappuoli
(1987) dctermine;d the pertussis toxin genes were arranged in an operon and that
weaker promoter sequences in B. parapertussis and B. bronchiseptica did not allow
for the expression of these operons. This suggested a very recent divergence from a
common ancestor ( Arico_and Rappuoii 1987).

1.2 Virulence-Assdciated ‘Factors. The mammalian pathogens have s;verai
properties iﬁ common, one of which is, production of similar virulence-associated
factors which endow the Bordetella spgcies with the ability ‘to attach to and proliferate
on the cilia of the naso-epithelium (Tuomanen er al. 1983, Bemis and Kennédy 1981,
Yokorrﬁzo and Shimizu 1979, Muse et al. 1978), and then to maintain infection of the
host. The second is to undergo phenotypic variation which affects the explression ofa
number of these sharéd virulence-associated factors, as shown in in virro experiments

of phase variation and antigenic modulation (Peppler and Schrumpf 1984, Weiss and



Falkow 1984, Lacey 1953). There are several virulence-associated factors produced
by the Bordetella species.

1.2.1 Dsrnlonecroiié toxin. Dermonecrotic toxin, produced by all three species
and ‘also known as heat-labile toxin, is toxic to rmice and guinea pigs and causes
dermonecrotic lesions when injec‘jtcd subcutaneously into rabbits (Munoz and Bergman
1977, Nakai er al. 1985). The native toxin, purified from B. E;;nc}ziseprz'ca cult_un:s,
’ shows a mobility of approximately 190,000 kD during sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and trypsinized preparations can be
reversibly dissociated into two polypeptides (fragment 1 = 75 000 kD and fragment 2 =
118 000 kD) by .treatment with urea and dithiothreitol (Kume and Nakai 1987 ).
Nakase and Endoh (1984) report the molecular weight of the dermonecrotic toxin of
both B. bronchiseptica and B. pertussis tc; be 102 300 kD by gel filtration. Antitoxin
producedagainst formalinized B. bronchiseptica dermonecrotic toxin has been shown
to neutralize the toxins of all three 'Bordetélla species (Evans 1940) indicating a
similarity in the toxins of the three species. Dermonecrotic toxin activity has been
shown to have a positive correlation with the ability’ of strains of B. bronéhiseprica to
cause respiratory dis¢ase in swine (Roop er al. 1987, Collings and Rutter 1985, Elias
et al.‘ }982),and dogs (Goodnow er al. 1983). Thc role of dermonecrotic toxin in
human‘tgiisvea»se has not been determined (Robinson er al. 1985, Weiss et al. 1984 .
Although‘a‘p'otent‘toxin, the mechanism of toxicﬂac»tion is not known.‘ It has been
shown that the addition of dermonecrotic toxin to a mixture of ATP and Na*- K*
ATPase signiﬁcantly inhibits 'the conversion of ATP to ADP, a process necessary to
p{gevcm vascular muscle contraction (Nakase and Endoh 1984). The contraction of the
vascular smooth muscle induces vasoconstriction which has been proposed to cause the

dermonecrotic lesions.



1.2.2 Filamentous haemagglutinin. Filamentous haemagglutinin can be isolated
from the.culture supernatant fluids of B. pertussis, B. parapertussis, and B.
bronchiseptica (Granstrom and Askelof 1982, Munoz et al. 1981, Irons and
MacLennan 1979, Morse and Morse 1970). Filamentous haemagglutinin of B.
pertussis is a heterogeneous population of polypeptides appearing in neéatively stained
clectronmicré)graphs as fine filaments 2 nm in diameter and 40 -100 nm in length with
molecular wcight‘of‘approximate]y 200,000 (Irons eral. 1983, Arai and Sato 1976).
Although it has been implicated in the édherence of B. pertussis to mammalian cell
surfaces (Gorringe et al. 1985,' Tuomanen and Weiss 19‘85), the role of filamentous
haemagglutinin in pathogenesis of whooping cough is uncertain. Weiss et al. (1984)
found that in the infant-mouse n;odel, mutants deficient in production of filamentous
haemagglutinin were almost as vinilent as the wild-type organisms. The function of
filamentous haemaggutinin in other Borderella infections is unknown. Piliation or other
attachment fact;)rs are important in the péthogencsis of B. bronchiseptica infections
(Bemis er al. 1977). A role for filamentous haemmagglutinin in the pathogenesis of B.
bronchiseptica is within the realm of reason. Bemis and Plotkin (1982) reported no
différences in haemagglutinating capaciiy of B. bronéhiseptica strains from different
animal isolates. The role of hacmagglntinins as accessory attachment factors seems
more likely when the host spéciﬁty of B. bronchiseptica isolates is considered.

1.2.3 Adenylate cyclase. Extracellular adenylate cyclase is produced by virulent
cultures of the three Bordetella épecics (Endoh et al. 1980). Novofny etal. (1985) -
found that adenylate cyclase activity from the culture supernatants of all three Bordetella
species could be absorbed to the sa.me__e'xtent by the same mohoclonal immunosbrba_nt.
The adenylate cyclase of B. pertussis has a molecular weight of 69 000 to 70 600
(Hewlett and Wolff 1976, Hewlett er al. 1979) and the enzyme aﬁtivity is found



largely in association with the cell membrane of the organism in‘Contrast to the largely
extraceliular location of adenylate cyclase of B. parapertussis and B. brohchis"eptica

(Confer and Eaton 1984, Endoh er al. 1980, Hewlett et al. 1979). However,

adenylate cyclase activity was reported in a 68 000 kD protein isolated from the outer

membrane of B. bronchiseptica ‘(Novomy' et.al. 1985). Novotny and co-workers

(1985) could not determine whether tfie 68 000 kD p\rotcin was a component of -

adenylate cyclase or whether it was; an unrelated protein associated with the enzyme.
Adenylate cyclase has been proposed as a potent foxin of mamhal‘ian cells, in.particular
phagocytes, by becommg internalized by the target cclls and causing the unregulated
production of cyclic AMP and the impairment of cellular function (Confer and Eaton
1982, Bourne eral. 1971). It has been implicated as a contributing factor in the.
impairment of host defences seen in Bordetell; infections as evidenced in reports of the
severe impairment of alveolar macrophage activity in rabbits infected with ‘B.
bronchiseptica and the repovrtcd lack of neutrophil response noted in the human
whoopi'ng cough syndrome (Hoidal er al.- 1978, Olsen 1975). Mutant strains of B.
pertussis, deficient in adenylate cyclase activity and haemolysin, could not produce
infection in the infant—mbusc model (Weiss et al. 1984) suggesting the toxin adenylate
cyclase may be required in human infection. Mutants deficient solely in adenylate
| cyclase activity have not yet isolated.
124 Héemolysin. Haemolysin causes the lysis of erythrocytes of man‘y spc‘cies
of animals and has been used along with colonial morphology, as a standard marker of
virulence of Bordetella species when grown on Bordet-Gengou agar (Peppler-and
Schrumpf 1984, Pef)pler 1982). Investigation of the role of haemolysin in Bordetella
infection has produced rather iﬁcdnclusiv_e results. Experimental ;nfcction of piglets

with B. bronchiseptica strains expressing the haemolytic activity and colonial



morphology of virulent organisms were not always found to produce infection and
disease (Roop et al. 1987). The mutant strain of B. pertussis deficient in both
ha:zmolvsin but as well, adenylate cyclase could not produce infection in the infant

mouse model (Weiss eral. 1984).. Itis unclear whether both adenylate cyclase and

<7
u

hemolysin are essential to produce infection or only one of the two may be required.
1.2.5 Agglutinogéns. vThc agglutinogens are associated with adhesive properties
| of the Bordetella spccie:s and in this capacity, deemed as virulence-associated factors
(Robinson ez al. 1987). Eldering er al. (1957) déscn'bcd fourteen serologically distinct
surface antigens that stimulate the production of antibodies and cause the agglutination
of Bordetella celis and have been used to serotype the genus Bordetella. More recent
studies have characterized the agglutinogens as membrane proteins with gnoiecular
weights ranging from 10 000 t_cS 23 000 and containing some carbohydrate (Zékharova
1979, Novotny er al.. 1979). Agglutinogen 2 and 3 of B. pertussis have been
demonstrated in association with fimbriae (Ashworth er al. 1982, Robinson ét al.
1987). | |
1.2.6 " Pertussis Toxin. Pertussis_ toxin, also known as lymphocytosis promoting
factor, pertussigen, histamine sensitizing factor, or islets activating protein, is the major
\}imlence _factér associated with vwhoopir'lg cough and is prbduced solely by B.
' pertussxs (Pittman 1984, Robinson er al.” 1985). The toxin, a protein of 105 kD, is
compnsed of five different structural subunits that can be divided into two functlonal
moieties. The A moiety, composed of one subunit, S1, posesses ADP-
ribosyltransferase activity. The B moiety, composed of four subunits arranged in two
dimers ( {SZ and S4} and {S3 and S4} ) held together with S5, is able to bind to

rcceptors on the eukaryotic cell surface (Sekura er al. 1983 Tamu.f'a et al. 1982).

10

Thc genetic information codmg for the toxin subunits 1s‘arranged,m a single operon _



(Nicosia er. al. 1986, Locht and Keith 1986). The mechanism by which the toxin
exerts its effect on eukaryotic cells involves binding to the cell surface with the B
moiety and introducing the ADP-ribosyltransferase of the A moiety into the cell. The
enzyme ADP-ribosylates the alpha subunits.- of certain GTP-binding proteins,

particularily the Gj regulatory protein involved in the receptor mcciiatcd down-

regulation of adenylate cyclase. The G proteins are involved in the transduction of

signals across the cell membranes through the secondary messenger cAMP (Hsia et al.

1984, Katada and Ui 1982). Pertussis toxin has many biological effects such as
causing lymphocytosis, histamin_e §‘ensitization in mice, hyperinsulinemia,
hypoglycemia, adjuvanticity (espcgiélly for IgE), increased susceptibility to
anaphylactic shock, and mitogenicity for lymphocytes (Robinson et al. 1985). It
causes the release of fatty acids from fat cells, interfers with chemotactic migration, and
changes peripheral vascular permeability (Hewdett eral. 1983, Munoz er al. 1981)
1.3 . Expression of Virulence-Associated Factors. The ability' of the
Bordetella species to cause disease is conferred through the expression of the genus-
and species-specific .virulénce determinants. ~All three species, however, have the
propensity to undergo phase variation;which among other things includes alteration in
the virulence capacities of the organism. This can occur especially on serial passagc on
laboratory culture media.

1.3.1 Phése Varation. Phasc'vari_ation within the Bordetella Spec.iés, which has
been correlated with alterations in colonial morphology, envelope protcins;
cytochromes of the respiratory electron. transport chairs, growth requirements and
antibiotic sensitivities, also involves the switching between v@lent phase, in which the

virulence factors are expressed, and an avirulent phase. The usual direction of the

switch is from virulent to avirulent and can be reversible (Leslie and Gardner 1931, ~

/
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Lawson 1939, Florsdorf er al. 1941, Standfast 1951, Kasuga er al. 1953, 1954,
Ezzel eral. 1981, Ezzel etal. 1981, Peppler 1982, Peppler and Schrumpf 1984).
"Leslie and Gardner (1931) deseﬁbed feur antigenically distinct stages in phase vanation
in B. pertussis strains: phase I corresponded to toxic orémisms as isqlated, phase II
were passaged organisms but still toxic to guinea pigs, and phase III and phase I;(/
being relatively non-toxic. In the scheme of Leslie and Gardner (193, , the phase
variation consisted of an ordered loss of virulence determinants with the end result of a
non-toxic phase IV organism. On further investigation, Lawson (1939) suggested that
there were severz;l barely distinguishable intermediate forms (phases) and that the
process involved a gradual loss of virulence. Parker‘(1‘976, 1979) propc;sed that the
phase variation was the result of a random process caused by the.accumulation of poinf
mutations and the selection of-avirulent mutants due to their enhanfed ability to grow in
©in vitro conditions Avirulent phase variants have been shov\;n to have an increased
resistance to fatty acids and certain antibiotics (Dobrogosz et al. 1979, Field and
Parker 1979, Peppler and Schrumpf 1984). Wexss and Falkow (1984) proposed that
virulence determinants can be lost or regained in a smgle step event. Alternatively,
Goldman er al. (1987) found that the chromosomal DNA of viruient strains of B.
pertussis was protected against enzymatic d1gest10n by a modification and that the
variation in B. pertussis may be caused by changes in the modification of the DNA
rather than by mutan(o/n. h _ - ‘
Nakase (1957) described strains of 8. })ronchisept_ica freshly isolated from
guinea pigs as phase I organisms that upon subsequent su%c/ulture switched to phase II
ana 1. Ocassionally, there was a further phenotypic change that would correspond to
phase 1V. Peppler' and Schrumpf (1984).&150 found phase change in B. bronchiseptica

strains.



Kasuga er al. (1958) reported phase variation within B. parapertussis strains.

Three antigenically distinct phases corresponding to phase I, I, and 1] characteristics

of Leslie and Gardner (1931) were observed \;'-i[h phase I organisms being in the -

pathogenic phase.

1.3.2 Antigenic Modulation. In contrast to the heritable, stable changes of phase
variation, B. pe_r"tusslis, B. parapertussis , and B. bronchiseptica have been sl{own to
undergo reversible alterations in serological composition when cultured on a modified

Bordet-Gengou agar in which the NaCl has been replaced with MgSOy4 (Lacey 1951).

In addition, B. pertussis has been shown to undergo freely reversible antigenic '

modulation in which there is switching between the virulent form (X mode) and the
avirulent (C mode) in Tesponse to the concentration and type of salts, pH, temperature,
and presence of nicotinic acid during the growth of the organisms (Lacey 1960,
‘ Pusztai and Joo 1967). In the virulent form, B. pertussis egprcs’scs various
biologically active-components such és pertussis %oxin, dermonecrotic tbxin, adenylate
cyclase, haemolysin, filamentous hacmagglutini;y agglutinogens, and certain outer
membrane proteins that . are ass‘ociét.cd with the virufence of the organism. Weiss ez al.
(1983) found that extracellular adenylate cyclase, haemolysin, and pertussis toxin are
factors that contribute to the virulence of the organisms in an infant mouse model
system and hypothesized that these virulence determinants as well as other virulence
factors, ~may be positively controlled by a trans-acting vir gene product. Not only does
“the vir gene product control the phase variation but the vir gcnc\beiﬁg sensitive to the
environ;nental stimuli controls ‘a_ntigénic modulation iWeiss and Falkow 1984). The
‘t,riggerring“ factor(s) ih:it control(s) the expression of the vir gene has not been

determined. Nicosia and Rappuoli (1987) showed by anvalys'is of a Tn 5 mutant of B.

B



pertussis (Weiss et al. 1983) that the product of the vir locus was required for the
transcriptibn of the pértussis toxin operon.
Peppler and Schrumpf (1984) reported reversible phenotypic modulation in

strains of B. bronchiseptica in response to growth on media other than Bordet-Gengou

or blood agar. ,Collings and Rutter (1985) reported the in vivo antigenic modulation of’

14

B. bronchiseptica possibly caused by the immune response of the host to phase I

antigens. The molecular mechanisms of control of phenotypic and antigenic =

modulation in B. bronchiseptica are unknown. Lax (1985) suggested that antigenic
modulation exhibited by B. bronchiseptica strains in régsponse to different growth
conditions both inl vitro and in vivo may in fact, be more important in understanding
the pathogenesis of bordetellosis than the phase variation observations. Lax (1985)
hypothesized that the phase variants'seen after in vitro phz;se variation were those
organisms which had switched by antigenic modulation control mechanisms and had
become trapped through a low rate of mutation and then were selected for by in vitro
culture techniques.

1.4 Influence of Bacteriophage on Expression of  Virulence-Associated

Factors. Bacteriophage have been reportedly isolated from strains of B. pertussis

(Mebel et al. 1980, 1981) and B. bronchiseptica (Rauch and Pickett 1961). Of

pam'culér interest to the study of virulence expreséion within the Bordetella species are
t\};_ée findings of Mcbcl etal which ﬁavc indicated that the virulence of both B. pertussis
;ﬁd B. parapertussis strains can be ’i,nﬂt‘len'ced by bacteriophage isolated from
, heterqlogous B. pertussis strains. The bacteriophag. -olated from B. bronchiseptica
strains have not been examined as’ possible contributors to the virulence of the

organisms that carry them. A review of bacteriophage bioi'ogy pertinent to the
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discussion of the influence of bacteriophage on the virulence of the Bordetella species is
provided in sectiohs 1.5.to 1.5.2.3. |
1.4.1 Bacterlophage of B. pertusszs Bactcﬁophage have been isolaied from

various strains of B pertussis which have been shown to alter the exprcssnon of

e

v1ru1ence assoc1ated factors of both B. parapertuss:s and heterologous strains of B.

pertussis (Mebel et al. 1980) Bactenophage were released both spontaneously and
by mitomycin-C induction from laboratory passaged strains and clinical isolates of B.

perwssis (Mebel er al. 1981). Host range determinations revealed the bacteriophage

1 ’ k4 .
produced both clear and turbid plaques on all strains of B. parapertussis , certain strains

of B. bronchiseptica and certain heterologous st'rajns\- of B. pertussis. Colonies of
bacteriophage-resistant B. pertussis.‘ and B. parapertussis with altered colonial
morphologies and growth rates were isolated from the plaques. These bacten’oohage-
resistant colonies, both B. p'ertussis.'a‘nd B. parapertussis, were able to produce
bacteriophage both spontaneousl'nd.through rhitomycin-C induction-and were

considered by the investigators to be lysogenic bacteria. On further characterization f

the bacteriophage resistant colonies of B. pertussis, several alterations in the phenotype .

of the host bacteria were observed, presumably under the direct influence of the

bacteriophage. The lysogen’ic strains of B. pertussis Or variants, grew to form

colonies in 24 hours that were urease posmve and appeared to have altered growth rate

and blochermcal capacity. The bactena also exhibited changes in their outer membrane

components as measured by serology The variants pﬁssesscd spccxcs spec:ﬁc'

agglutmogcns for more than one species of Bordetella. The variants were able to

multiply within mouse spleens for up to ten days (test period) but without splenic

Py ' :
atrophy or spl#fiomegaly. One variant resulted-in a lower I.Dsg, produced higher

levels of toxic compounds, produced higher levels of histamine sensitization and was



lethal on intracerebral challenge to mice as-cornﬁared with the par‘entalﬂ strain of B.
pertlzssis. Both the parental strain and, the strain from whieh the bacteriophage was
originally isolated produced a lower level of tOXlC products mcludmg histamine
sensmzmg factor and was not lethal on intracerebral challenge of mice. The variants

also had a decreased sensitivity to antibiotics: Other colonies of newly lysogenic B.

pertussis displayed B. parapertussis-like traits as evidenced by alterations in the’

serotype of the B. pertussis to an org'anism. with the serotype similar to B.
parapertusszs (Mebel and Lapaeva 1982). Mebel and Lapaeva (1982) reported
toxogenic variants of B. parapertusszs thh manifold combinations of agglutinogens
pecxfnc for all three Bordetella spec1es A hypothesm was forwarded that B.
parapertusszs was merely a form of B. pertusszs that had been cured of bactenophage
(Granstrom and«Askelof 1982). The_genenc.relatedness of the two organisms,
coupled with the clinical finding of 'co—isdlagion of B pertussis and B. parapertuss;'s
during infection were used to support the Lheory; : . . L
Recent studies, however, do not confirm the switching between B. pe;tus;is
and B. paraperrussi& . Studies by Musser et al. (1986) indicate that although there isa
: ~clos‘e_ genetic relatedness between the two organisms as meas'ured by allelic enzyme
diversity, the two species have sufficient genetic distance to nlake tne conversion h}ghly
unlikely. Arico and .Rappuoli (1987) found af. - comparison of the nucleotide
sequence of the peljtu'ssis toxin operon present in B. pertuss';'s and B. pa{rapertunsis,
that,gpnversion hetween the two snecies is unlikely. Palgheimd et al. (1987) could not
corroborate the initial observations:'bféMebel and Lapaeva (1982).. .‘Pa‘ldoheimo et al.
(1987) reported that the bacteriophage- resistant vanants con51dered to be lysogenic B.

paraperrussxs by Mebel anéi},aﬁ’y eva were actually persistantly mfected cells or

pseudolysogcns (sce secno_ns 1.5.2.1 and 1.5.2.2). These variants showed no

I
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increase in virulence or alteration of agglutinogen pattern. The only diffenence between
the parental strain ‘/and the pseudolysogens wae an altered lipopolysaccharide (LPS)
from the normally smooth type found in B. parapertussis to a rough LPS characteristic
of B. pertussis. Further, -Paloheirno et al. (1987) suggested that the eurlier
observations of an altered serotype/agglutinogen pattern were due to auto-agglutination
as a result of the rough LPS of the variants. These observations, while addressing the
conversion of B. parapertussw mto&B pertussis through lysogenic conversion, do not
explam the increase in the virulence observed in "converted" heterologous strains of B.

.

pertusszs

1 4. 2 Bacterlophage of B. bronchtsepttca BacteriOphage were also reported
‘isolated from several strains of B. bronchiseptica (Rziuch and Pickett 1961). ‘Host
range determination revealed that the bacteriophage were able to plaque on certain
heterologous strams of B. bronchxsepnca and all strams of B. parapertusws but not on
any of the strains of B. pertussis. The further charactenzation of the bacteriophage was

not done as the investigators were trying to probe the relaicdness_ of B. bronchiseptica

to B. pertus.ris and B. parapertussis and also develop a bacteriophage typing scheme*

to distinguish strains 'of B. bronchiseptica. The ability of B. bronchiseptica
~ bacteriophage to lyse cultures of B. parapertussis suggestec a similar, if not identical,
receptor site on both organisms and that the organisms iwere similar enOugh to belong
to the same genus“ A practical bacteriophage typing scheme could not be established
from the collection of bacteriophage due to the instability of the bactenophage and the

' relative insensitivity of some strains to the bacteriophage

The incidence of bacteriophage within the genus Bordetella and the possible ‘

contribution of the bacteriophage to the expression of phenotype of the Bordetella

species are intriguing avenues for further investigation. The bacteriophage 1solated



from the Boruciella species to date are poor]y characterized and there is some confusionr
as to the actual relatlonshlp, either lyogeny or pseudolysogeny, between the
bacteriophage and the host bacterial cell (see section 1.5.2. 1 and 1.5.2.2). Further
investigation of the Bordetella bacterlophage requires characterization of the
bécteriophage both with respect to properties of the bacteriophage particles and the
relationship of the bacteriophage to the host Bordetella cells.

‘1.5 Bﬁeteriophage. ‘To understand the relationship between Bordetella
bacteriophage and the host bacterial cellve‘specially regarding expression of virulence
determinants or possible conversions, | is important to define the current understanding
of bacteriophage biol'ogy. Bacteriophage are struct.urally‘and func’ti’oﬁally adapted as
obligate par:asites of bacterial cells. Structurally, a bacteriophage consists of a nucleic

“acid core of either DNA or RNA surrounded by a protein coat which affords protection
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to the phage nucleic acid. The bacteriophage may or may not possess an enveiope. '

The outermost componen'ts of the bacteriophage are responsible for adherence to a

suitable host for the further propagation of the bacteriophage. The bacteriophage

-particles are functionally metabolically inert and therefore totally dependent upon the
host cell for all biosynrheticr'and'replicative functions. The means by which the
bacteriophage replicate have profound effects upon the bacterial host.

l‘.5.l Propagative Strategiesv of Bacteriophage. The bacteriophage have
been divided into two see.mingly mutually exclusive classes, virulent and temperate
phages, by virtue .'of their propagative strategies. -

1.5.1.1 'Lytic Cycle. Virulent bacteridphage peopagate through the lytic cycle
which involves the injection of the phage nucleic acid into the host bacterial cell and

subverting the function of the host cell to the production of maximal numbers of

bacteriophage progeny. The lytic cycle, as the term suggests, results in the death



through lysis of the host bacterial cell with concomitant dispersal of maximal numbers
of phage particles.

1.5.1.2 Lysogenic Cycle In contrast, temperate bacteriophage have the option of
propagaton through the lysogenic cycle. After injection of-the temperate bacteriophage
nucleic acid into the host cell, the bacteriophage genome can integrate into the bacterial
chromosome and enter into ihe prophage state where it replicates in synchrony with the
host chromosome. The prophage retains the ability to excise from the bacterial genpome
and enter the lytic ‘cycle either spontaneously or under the influence of inducing agents
suchias ultraviolet light, mustard gas, mitomycin-c, or hydrogen peroxide. Not all
temperate bacteriophage can be induced by inducing agents (Bradley 1967, Barksdale
and Arden 1974). | |

1.5.2 Relationships of Bacteriophage and.Bacterial Host Cells. Bacteria
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infected with a lytic bacteriophage will be lysed but bacterial populatiohs infected with a .

lytic bacteriophage may enter into an equilibrium state with the bacteriophage (sce
seétion 1:.5.2.3). However, the bacterial cell thét carries a prophage is, by definition, a
lysogenic bacterium and as such, possesses certain properties. Lyisogeny is a heritable
trait conferring lysogenic bacteria with immunity agai * infection by other
bacteriophage parﬁcles of similar nature ar. the capacity to produce bacteriophage.

1.5.2.1 Lysb_genic Conversion. ‘In certain cases, lysogeny can produce

phenotypic modification in the lysogenic host either due to the expression of the |

prophage genome or by sWitching on or off the bacterial genes. These bacteriophage-
determined phenotypic modificatior . termed lysogenic conversions have been well
studied in various bacterial strains. Medically important examples of iysogcnic
conversion include toxigenic strains of Corynebacterium diphtheriae (Groman 1955,

Groman and Eaton 1955, Laird and Groman 1976, Costa er al. 1981), Group A
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- Streptococci (Zabriskie 1964 , Johnson er al. 1980., Weeks and Fe;etti 1984.;
Johnson et al. 1986), and cnteropathogenic; strains éf Escherichia coli (EPEC)
(O'Brien et al. 1984 , Scotland et al. 1985 Strockbine et al. 1986) WhiC;l are
converted to the toxigenic phenotype through expression of specific prophagé genes in
the host bacteria.

1.5.2.2 Pseudo-Lysogen‘y. “The lysogenic state possibly resulting in lysogenic
conversion, must be distinguished from the carrier state or pseudolysogeny and its
pogsiblc ensuing bacteriophage conversion. Pseudolysogeny is a persistant lytic
bacteriophage infection in which the bacteriophage can infect only a fraction of the
bacterial population. The bacteriophage involved in the carrier state are lytic
bactcriophégc, either obligately lytic, virulent mutants or clc;ar-plaque mutants bf
temperate bacteriophage (Barksdale and Arden 1974). The lytic infection is kept in
check by conditions within the bactérial poﬂulaﬁon. One means of establishing
pscudolysogeny is by limiting the number of available ‘rcceptors on each bacterial cell,™
either through a p?gcess of natural selection or by tﬁe actidn of endolysin.
Bacteriophage-sensitive bacteria give rise to resistant mutants having no bacteriophage
receptors at a rate as high as 10-3to 104 (Baker et al. 1949) which are selected for by
being able to survive the lytic infection. These resistant mutants héve an altered
phenotype due to the presence of the bacteriophage but the changes are not directed by
‘the bacteridphége; In 6thcr systems such as T7 infection of Shigella dysenteriae,
‘ infected cells produced a receptor-destroying endolysin which is produced by resistant
cells without phage rece‘ptors'(Li etal. 1961). The resulting population was comprised
of two sub-populations, oné being ba‘cteriophage—sensiti\',;e and *producing
bacteriophage and the other rendered resistant to bacteriophage infe_cti;n by the action

of endolysin. Again, the bacterial phenotype is altered due to the presence of the



bacteriophage with the host bacterium but the changes are npt directed by the
bacteriophage.

1.5.2.3 Bacteriophage Convgrsions. Pseudolysogeny may‘ Manifest itself in
modifications of the bacterial phenotype. Such phenotypic modifications wi
bacteriophage conversions i'ather than lysogenic conversions. The modification
involves only apparent rather than actual genetic changes in the hqg! cell as a result of
bacteriophage infection (Barksdale and Arden 1974). Li er al. (1961) reported lactose-
negative strains of Shigella dysenteriae which normally ng\:v ag Clear colonies on

r
MacConkey's plates would convert to red, apparently lactose-posjtive colonies when

carrying the bacteriophage T7. A T7 endolysin changed the permeability of the

bacterial cell, allowing leakage of macromolecules, in this case B-gajaCtosidase, into the
medium to produce the apparent phenotypic rpodiﬁcation. The modified phenotype of
the S. dysénteriae-T? clones was stable even after fifty-seven ggrial single colony
isolations. Many characteristics of t-he ps_cudolysdgenic and lysogefic strains are very
similar. In both conditions the host bacterium is resistant to infectjon by other related

bacteriophage, can produce bacteriophage and may express stable heritable phenotypic

modification. Demonstration of the bacteriophage genome integraged into the bacterial

chromosome is the method to establish a true lysogenic state. The distinction between

virulent and temperate bacteriophage and whether they produce 3 lytic, lysogenic, or

pseudolysogenic state with the bacterial host is further muddied by the fact that many
bacteriophage are capable of both propagative cycles depending upgg the bacterial strain
they infeet. The terms can thus be used as a description of a bacterjobhage-host system
rather than as a means of classification (Bradley 1967).

1.6 Bacteriophage Classification. This thesis describeg Fhe isolation and

characterization of a new bacteriophage from B. bronchiseptica. It was necessary to
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ascertain which properties of the bacteriophage sh'ould be reported to allow meaningful
comparisons with other bacteriophage. A classification system is required tc; provide a
means of cataloguing the vast numbers of reported bacteriophage isolates as well as a
framework within which the systematic rep&rting of novel bactcriophage isolates can
procecd Taxonomic grouping, defined by salient propernes of the bactenophage
determine if in fact a "new" bactenophage has been 1solated and also facilitates
compamvc study of the "new" isolate with other bactenophage. A system of
nomenclature is inherent in taxonomy and would standardize the naming of

bacteriophage (Adams 1959). To date, the classification system for bacteriophage is

_still in a rudimentary state, although much-advancement has been made in recent years

(Ackermann 1987).

1.6.1 Taxonomy of Bacteriophage. The foundations of the present taxonomic
system ‘for bacteriophage are gleaned from the various attempts to classify
bacteriophage. D'Herelle cohsidcred all bacteriophage to be a single species, Protobios
bacteriophagus, with extreme powers of variation (Adams 1959). As more
bacteriophage were isolated and studied, it became clear that the singfle species concept
was premature. Bacteriophage were found to be a heterogéneous population extremely
stable upon serial passage with high host specifiéity, all properties unreconsilable with
the proposed powers of adaptive variation. Systematic bacteriophage cla’ssiﬁcation was

x

first dev1sed for groups of bacteriophage specifically attacking a group of bcteria.
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Bactenophagc classification was based on distinct serologicat groupings but other -

A
characteristics such as plaque morphology, resistance patterns of bacteriophage-

resistant host cells, particle size and sensitivity to inactivation by urea, chloroform,

heat, and ether were correlated with the serological specifities (Burnet 1933, Evans |

and Sockrider 1942, Adams 1952, Friedman and Cowles 1953, Adams and Wade



1954, Wilkowske‘et al. 1954, Adams and Wade 1955). Holmes (1948) was the ﬁrsi

to propose an extensive taxonomic system encompassing all known viruses.

Bacteriophage, animal viruses and plant viruses were classified as suborders in the

order Virales. Bacteriophage were placed in a single genus "phagus” and forty-six
species based primarily on host range and symptoms of the disease. This system was
- never implemented by researchers in the field, mainly because of the reliance on host-

related rather than virion-specific characteﬁstics to classify the viruses. Adams (1953)

proposed an extensive taxonomic system for bacteriophage based on more virion-

specific characteristics and leavingvthe relationship between bacteriophage and plant and
animal viruses for study at a later time. "Species" as defined by Adams was based on
distict serological groupings, the size and ﬁlorphology of the virion, unique chemical
composition, latent period, susceptibility to inactivation, and distinctive physiological
properties (such as calcium requirement for bécteriophagc adsorption). He proposed
that taxonomic divisioﬁs above the level of species could be determined by electron
microscopy and that the Linnacan binomial nomenclature not be implemented until
genus and species assignments had bqpn determined. The propsals of Lwoff and

Tournier (1962) established the criteria by which all viruses, including bacteriophage

could be classified. The basis of the classification, four features called the "essential-

integrants" of the virion are as follows: (1) genetic.mat‘crial (DNA or RNA); (2)

symmetr); of the virus: helical, cubical, or binal (refering to viruses with head and tail);
(3) nucleocapsid: naked or enveloped; (4) quantitative data: diameter of the
nucleocapsid for the virion with helical symmetry; number of capsomeres for the virion
with cubic symmetry. - Thé taxonomic system wés hierarchical with arbitrary
assignment of the lowest taxonomic group as family. No phylogcnétic relati\onships

were established and there was room for subdivsions of genus and species.  The
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system was the mostfworkable .of its predece$sors with the groups cﬁrrently known as
Microviridae, Leviviridae, and the Inovirus genus still in use in the present
"’ci-assiﬁcation 'systcm (Ackermann 1987). Lwoff and Tournier (1962) also grouped all
tailed bacteriophage in one order Urovirales. )
Bacteriophage iaxOnomy has a unique problem in that 95% of all bacteriophage

were tailed and were in the order Urovirales (Ackermann. 1987). Bradley (1965)
proposed further distinction of bacteriophage by morphological details of the tail
structure. Of siéniﬁcance was the separation of Urovirales into three>sma11er groups
characterized by having contractile tails; long, noncontractile tailg and short, non-
contractile tails. Bacteriophage morphotype as described by Bradley is critical
information for the claséification of bacteriophage in the presently accepted taxonomic
scheme for bacteriophage.

1.6.2 Present Criteria for Phage Taxonomy. In 1966, the International
Cvommi,’ttee of Taxonomy of Viruses (I.C.T.V.) was founded. Sub-committees were
formed for the spccifi; classification of viruses infecting vqrtebrates, invertebrates,
fungi, and bacteria but all use the same basic rules of virus classification, The ICTV.
use every known property of the Yirus for the classification and has no hierarchy ‘of
criteria. The criteria, considefcd with ‘equal weight by the I.C.T.V. for the
‘classification of bacteriophage are (1).nucleic acid: nature, mass, composition; (2)
virion: symmetry, dimensions, mass, gross composition; (3) aptigenic relationships,
host range, and resistance zgainst environment (chiefly ether, ch roform, heat). New
critéria may l;e acded as ['™\ A-DNA hybridizat.on and DNA séquencing are developed
(Ackermann 1987). There are ter%/t/amilies’ and eight génera approved by the LC.T. V.
(Table 3). T



Table 3: Basic characteristics and frequency of major phage g'roups

Shape Nucleic acid

Genus

Particulars

Familyr Members
Tailed DNA,2,L  Myoviridag - ‘Tail,contractile 811
Siphoviridag  ------ Tail long, '
, N non-contractile & 1469
Podoviridae ~ ------ Short tail 441
Cubic DNA, 1,C  Microviridae Microvirus Conspicoué |
: capsomers 30
2,C, S Corticoviridae Corticovirus Cgmplex
caps-id,lipidé 27
2,L Tectiviridae ~ Tectivirus  Double-capsid,
pseudo-tail, lipids 14
RNA, I, L Leviviridae  Levivirus =~ ------ 417
2,L,seg Cystoviridae Cystovirus  Enve'ope, ‘ipids 1 |
Filamentous DNA, 1,C Inoviridae  Inovirus Long rods ) ‘ 25
o Plectovirus . Short rods 15
2, L F3 Grouﬁ -------- "Ehi'/el‘ope; lipids 3
Pleomorphic DNA,2,C, S Plasmavifidae Plasmavirus  Envelope, lipids,
' | no capsid 3

Abbreviations : C = circular ; L = linear ; S = superhelical ; seg = segmented ; 1 =

single-stranded; 2 = double-stranded ;.---- = none.

*®
(Adap,tedkfrom Ackermann 1987)

¥
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1.7 Scope of Project The goal of this project was to characterize a bacteriophage
which was spontaneously released from a virulent strain of Bordetella bronchiseptica.
The characterization followed the guidelines established by the I.C.T.V. for the
taxonomic classification of bacteriophage as well as additional information in the form‘
of a restriction enzyme map of the bacteriophage nucleic acid. In order to determine if

the bactcnophage was present within other strains of B bronchisepticd, or\the other

{ Bordetella species, the bactenophage nucleic acid was radiolabelled and uskd to probe

strains of B. pertussis, B. parapertussis, and B. bronchiseptica through "DNA
hybridization techniques. The actual relaticnskip between the host bacteria and the

bacteriophage, either lysogenic or pseudolysogenic, was explored.
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2.0 Materials and Methods_

2.1 Bacterial Strains:

The strain Bordetella bronchiseptica AG1-L used was sent to Dr. M. S. Peppler
(Department of Medical Microbiology and Infectious Diseases, Univcrsity of Alberta)
by Dr. Hilton Klein (Whittaker M. A. Bioproducts, Walkersville, Maryland) from an
‘outbreak of lethal bordetellosis in a green monkey (Cercopithecus aethiops) colony.
Previous work had shown tl;at B. bronchisepticd' AGI-L spontaneously prodficed
bacteriophage and was not inducible by irradiation with ultraviolet light. Host range
determination of the bacteriophage had revealed that it pldqucd on tfhrée of six B.
bronchiseptica strains and on all fifteen strains of B. parapertussis tested. There were
no plaques formed on ‘any of the five strains of B. pertussis ‘tested (M. S. Peppler,
unpublished data).

. | | | 3

The indicator organism used was Bordetella- ,a;apertussis 17903 obtained from the

| Michigan Department of Health, Grand Rapids, Michigan.

The following strains of Bordetella pertussis , Bordetella parapertussis and Bordetellu

bronchiseptica were used: (Peppler 1982, Peppler and Schrumpf 1984, Musser et

al. 1986)
B. pe‘rtussis |
3779'+ , J.'J. Munoz, Rocky Mountain Laboratories,

3779- Hamilton, Montana



BB103

2753

SAK*
SAK-

B. parapertussis
504

PL-1

17903.

B. bronchiseptica

Rab-10
214
AGI-L
AG9-L
AG11-L
AG11-H
110-H
‘Rat-1
“BTS
501
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C. R. Manclark, Food and Drug Administration
Bureau of Biologics, Bethesda, Md.

the mouse challc‘:nge strain B. pertussis 18323 of
P. Kendrick obtair;ed through Merck Sharpe &
Dohme ‘ "

Kachiko Sekiya, Kitasato Universit‘y, Tokyo,

Japan

H.-W. Ackermann, Laval U~ rsity, Quebec
Provincial Laboratory, Edmonton , Alberta
Michigan"Depanment of Health, Grand Rapids,
ML

J. J.-Munoz, as above .
J. J. Munoz

H. Klein

H. Klein

'H. Klein

H. Klein

D.A. Bemis, Uni;/ersity of Tennessee, Knoxville .
D.A. Bemis |

D.A. Bemis

D.A. Berrli-s_,,
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1764()-SAC , D.A. Bemis

Columbus o D.A.‘Bemis
87 v " D.A. Bemis
Ft. Collins D.A. Bemis

o

-

The coliphages T4 and A were propagated on Escherichia coli strains 364 and 176
respectively. The coliphages and their.respective hosts were kindly provided by Dr. D.

E. Taylor (Department of Medical Microbiology and Infectibus Diseases, URiversity of

ax

Alberta).

2.2 Me_dia :

2.2.1. Bordet-Gengou Agar (BGA) : (see appendix)
(?eppler, 1982) o '

2.2.2. Cyclodextrin Solid Medium (CSM) : (see_appendix)

(Aoyama er al. 1986)

2.2.3. Trypticase Soy Broth (TSB) : |

Trypticase soy broth was prepared by dissolving 30 g of trypticase soy broth

- powder (Difco) in 1 liter of double distilled water. The brdth was dispenscd into

© Wheaton bottles'in 100 ml portions and autoclaved for 2G;minutes.

2.2.4. Trypgcase Soy Agar (TSA) :
Trypticase soy agar was prepared by dissolving.30 g of trypticase soy broth
powder and 10 g of Nobel agar (Difco) into 1 liter of double distilled water. The agar

E



was autoclaved for 20 minutes. The agar was transferred to a 56°C water bath and

poured when the agar had reached 56°C.

2.2.5. Stainer-Schoite Broth (SSB) : (see appendix)
(Staine~ nd Scholte 1971) |

2.2.6. Stainer-Scholte Agar"(SSA)' : -(see appendix)
(Peppler 1982)

~

2.2.7. Luria- Bertam Medlum (LB) O
_ Luria-Bertani mé‘dlum was prepared by dlssolvmg 10 g of Bacto-tryptone, 10 g *
of NaCl, and 5{6@0[0-}'%5; extract-to 1 liter of double distill¢d water and adjusting

the pH te pH 7.5 with 10N NaOH. The broth was dispensed into Wheaton bottles n

100 ml portidns and autoclaved for 20 minutes.

2.2.8. Lurm Bertani Agar (LA) : - ’
 Luria-Bertani agar was prepared by addlng 10 gof Nobel agar (leco) to 1 liter

of LB and autoclaving for 20 mrr_rutes.The agar was cooled to 56°C and poured. #

2.2.9. Sloppy agars -~ > . g
2.2.94 PBS Sloppy -agar : 'PBS- -sloppy agar was prepared by dissolving
(L‘é g of Nobel agar (leco) into 100.0.-ml of phosphate buffered salme (PBS, see -

seéuon 2.3.2) and auroclavmg for 15 minutes. The sloppy agar was dispensed soon

*
L

after removal fre'  the autoclave. o IR
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2.2.9.2. Luria-Bertani Sloppy-agar : Luria-Bertani sloppy agar was
prebared by dissolving 0.6 g of Nobel agar (Difco) into 100 ml of LB and autoclaving

for 15 minutes. The sloppy agar was dispensed soon after removal from the autoclave.

2.2.10 Storage of the Various Media. All autoclaving was done at 121°C and f

at a pressure of 18 psi. All agars (with the exception of the sloppy agars) were
dispensed in 15-20 ml portions into 15 x lOO mm plastic petri dishes. After pouring,

the plates were allowed to dry at room temperature for 12-16 hours before storing at \
4°C in the plastic bags which had originally contained the unused petri dishes. The agar
wés used within two weeks. The sloppy agars were dispensed in 2.5 ml poriions into
~sterile 13 x 100 mm screw-capped tubes and stored at 4°C until required. The sloppy

agars were used within two months of preparatior. The broth media \:\I/crc stored in

glass Wheaton bottles at room temperature and used within two months.

2.3 Chemicals and Reagents: .
' Buffers® : - ,
~ 2.3.1 SDS-PAGE (Laemmli) Running Buffer (Lacmmli 1970)

The following was dissolved in 4.5 liters of M‘illi-Q“’Y1 water :

25 mM Tris (Sigma 7-9) - 15125 g
191.7 mM Glycine (Sigma) = 720¢
SDS (BDH or Bio-RAD). 50¢g

The volume was adjusted to 5 liters and stored at room temperature until

. use. . ' ¢

"‘"’\;-u
AN



2.3.2 Phosphate-Buffered Saline (PBS)

The following salts were dissolved in 0.8 liter of distilled water :
54 mM NayHPOy (anhydrous) 7.65¢

13 mM KH,POy4 (anhydrous) 174 g

73mM NaCl_ - 424 ¢

The volume was adjusted to 1 liter and the PBS dispenced into 200 ml

~aliquots, autoclaved to sterilize andstored at room temperature.

2.3.3 Lambda diluent (Schleif and Wensink . 1981)
Working solution-is 10-mM Tris-HCl (pH 7.5), 10 mM MgCl;

Concentrated solutions (100 x) are I M Tris-HCl (pH 7.5) and1 M MgCls.

Concentrated Lambda diluent solutions were filter sterilized through a 0.22 pm

"Nalgene filter and stored at room temperature. Working solutions were made

up from the concentrated stocks as necessary.

AN

°\? 4 Tris-Acetate (TA) buffer (Maniatis e al. 1982)

Working solution’ is 0.004 M Tris- acetate 0.001 M EDTA.

Concentmtedvhsjmck Solution (10 x)

Per 1i'tér_ s

Tris base — 48.4.¢ :
glacmf acetic acid 1142 ml |
5 MEDTA (pH80) . 20ml

: "_ _O'nc liter volumes of stock TA buffer (10x) were prepared and stored at

room temperature.
2



2.3.5 Tris-Borate (TB) buffer ( Maniatis ef al.  1982) NE

Workmg solution is 0. 089 M Tris-borate, 6:089 M bone acid, 0. ()()’ M EDTA

h
Concentrated Stock Solutron (10)() ' ‘
Per liter : |
Tris t?‘ase 108.0 g
boric txcid o . 550 g

OSMEDTA (pH 8.0) 40.0ml
One hter vdlumes of stock TB buffer (1()x) were prepared and stored at

Y

room temperature.

2.3.6 Agarose Gel-loading buffer - (Maniatis er al. ~ 1982)

A IO x buffer consistinfg of.0.25 % bromophenol blue, 0.25 % xylene

Cyan_ol,425 % Ficoll (type 400) in water. The buffer was $tored at room
tempera-ttrre: | ‘. e | | —

—

2.3.7 Ethidium Bromlde Buffer (Dr A.R. Morz,dn Deprtrtmcnt of
Biochemistry, University (()f Alberta)
A solution of the followmg composition was prepared for the fluorometric
readmgs of the DNA samples
. SmM Tris-HEI (pH 8.0)
0.5 mM EDTA |

0.5 ng ethidium bromide
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2.3.8 SSPE (20x) (Maniatis et al. 198'2)

A stock solution was préparcd by dissolving‘ 174 g of NaCl, 27.6 g of
NaH,PO4-H,0, and 7.4 g of EDTA in 800 ml of HyO. The pH was
adjusted to 7.4 with NaOH (~ 6.5 ml of a 10 N solution). The volume was

adjusted to 1 liter, dispensed into aliquots and sterilized by autoclaving.

2.3.9 SSC (20x) (Maniatis et al. 1982)

A stock solution was prepared by dissolving 175.3 g of NaCl and 88.2 g -
of sodium C;itratc in<800 ml H2O. The pH was ;djusted to 7.0 with a few
drops of 10 N solution of NaOH. The volume was adjusted to 1 11ter

dlspcnscd into aliquots and autoclaved to sterilize.

Staiming reagents

'2.3710 - Coomassie brilliant blue R-250 stain (Peppler 1982)

The stain consisted of 0.2% boomassie brilliant blue R-250 (BIO-RAD)

‘ dissolved in a 7% acetic acid-25% isopropanol. The destaining solution

was 7% acetic acid—éS% isoprop‘anol.'The gels were washed in a 7% acetic

acid solution as a final destain and storage solutions.

2.3.11 Silver stain reagents (Tsai and Frasch 1982)

Reagcht grade ammonium hydfoxide solution (29% wt./vol) and stored at room
temperature in the manufactur¥rs glass bottle.

Silver nitrate solution was made to 20% wt./vol., filtered through a

(0.22 um Amicon filter and stored at 4°C in a brown bottle.



The developer was made by adding 0.5 ml of a 37% formalin solution and S0
mg of citric acid to 1 liter of distlled water. This solution was st‘ored at room

temperature.

© 2.3.12 Ethidium bromide stain (Maniatis er al. 1982) ggy

... A stock solution of 10 mg / ml of ethidium bromide was prepared by

adding 1 g of ethidium l;romivge to 100 ml of HzO.AThe solution was
mixed on a magnetiéstirrer for several hours, the bottle wrapped in tin
foil, and stored at 4°C.

The stain for the agarose gels was prepared by adding 50 pl of the stock

ethidium bromide solution to a tray containing ~ 100 ml of distilled

water

Enzymes ¢

2.3.13 Restriction enzymes

~ All restriction enzymes were supplied by Boerhringer-Mannheim or

Bethesda Research Laboratories except the enzymes listed below with

" their respective supplier.

Afl' Il (Amersham )

Apa 1 (Pharmacia)

Bssh II (New England Bio Labs)
Bstl (Pharmacia)

Milu .I (Phénnacia)

Not1 (New England Bio Labs)

Sac 1 (Pharacia) S ' o o

RN
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All restriction enzymes were used in accordance with the manufacturers

Lol
- [

instructions. L
N ')..\1

2.3.14 Proteinase K (ﬁoehringer—Mannheim) was made up to a stock

P!
solution of Img/ml in distilled water and aliquots stored at -20°C.

2.3.15 RNase (Boehringer-Mannheim) was rﬁade up to a stock solution of 5
mg/ml, boiled for 5 minutes to destroy any DNase activity, dispensed into 1 "

ml aliquots and stored at -20°C.

Solutions
: ¥

2.3.16 Equilfbrated phenol (Maniatis ef al. 1982)
Liquiﬁéc‘i.) phenol was redistilled at 160°C, The redistilled phenol was

ool
d

extracted several times with an equal volumeé of buffer until the pH of the
aqueous phase was > 7.6. The buffers used were 1.0 M Tris (pH 8.0)

| followed by 0.1 M Tris (pH 8.0) and 0.2% B-mercaptoethanol. The
equilibrated phenol solution was stared at 4°C for periods of ué to 1

month or at -20°C for up to 6 months.

2.3.17 Isoamyl alcohol-chloroform (Maniatis et al. 1982)

A mixture of cthrbfdrm anc @ amyl alcohol ( 24:1 v/v) was prepared '

CxB
\ o s

and stored at room temperature. ' \»\‘/




37
-

2.3.18 Ether saturated with water (Maniatis er al. 1982)

A mixture of an equai volume of anhydrous ethyl ether and distilled
»'\;7 ‘

water was added to a Sc%-capped t;ottle. The mixture was shaken
dnd then stored in a hod at room temperature.
/

2.3.19 3‘ M sodium aceta‘te (Maniatis et al. . 1982, /
The solution was prepared by dissolving 408.1 g of sodium acetate-
3H20 in 800 ml of H20. The pH was adjusted to 5.2 with glacial acetic
acid. The volume was adj"usted to 1 lite{,-dispe%inm aliquots and.
sterilized by autoélaving.’ / b |

$
2.3.20 5 M EDTA (Maniatis et al. . 1982)
The solution was preparéd by dissolving 186.1 g of disodium ethylenc-

diaminét.etraacetat& w? 800 ml HyO. The solution was vigorously
mixed on a magnetic stirrer. The pH was adjusicd to 8.0 with NaOH (~20
- g of NaOH pellets). The solution was dispensed into aliquots and
autoclaved to sterilize.
.
2.3.21 10% SDS (Maniatis er al. 1982)
The solution was prepared by dissolving 100g of electrophoresis grade e
sodium dodecyl sulfite in 900 ml H,O and heating to 68°C. The pH was
adjusted to 7.2 by adding a few drops of concentrateg-HCl. The solution

was dispensed into aliquots. No sterilization was necessary.



R

,pH 83)add wml HCl )

o dd_]USth to 1 liter, dlspensedmto al@quots

+

2.3.22 1 M Tris (Maniatis er al.  1982)

The solution was prepared by adding 121.1 g of Tris base to 800 ml

H>0 and adjusting the pH to the desired value by adding concentrated HCl
§7.4 add ~ 70 ml HCl, pH 7.6 add{~ 60 ml HC,

% [0 room temperature The volume was

w‘t‘*; utoclaved tc@hze

2.3.23 10% TCA (Maniatis er al. 1982)

The éblunon %as aI‘

<7

A stock solution'(ﬁg)% wt./vol.) was prepared by adding 227 ml of HoO
to 500 g of trichloroacetic acid. A 1in 10 dilution was done to prepare

the 10% TCA working solution.
= @l

2.3.24 Laemmli digestion mix (Laemmli  1970)

The Laemmli digestion mix was prepared by mixing the following materials:

10% SDS (BDH) . 2.0 ml
Dithiothreitol (DTT). ‘ 0.078 g
-or-(8-mercaptoethanol) (0.4 ml)

glycerol (glycerin) . 1.0ml

1.0 M Tris pH 6.8 | 0.625ml ™~
Milli- QTM water . ‘ 60 m]

Saturated bromophenol blue
(in water) 0.075 ml
10.025 ml

The Laemmli digestion mix was stored at room temperature.

38
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2.3.25 SDS-PAGE reagents. ( Laemmli 1970, Peppler 1982)
Separating gels consisted of either 12.5% or 14% wt. / vol. total acrﬁmidc:
| 125% or 14 % ’

Acrylamide:BIS (30:0.8) - <12.5 or 14ml

1.875 M Tris pH 8.8 ' 6.0 ml 6.0 ml -
0.2 M disodium EDTA 03 ml 0.3 ml e
Miili-Q™ water, 109ml  94ml

TEMED . ©001Sml 0015 mI

10% Ammonium persulfate 0.3 mi 0.3 ml

. )

30.015 ml 30.015 ml

The TEMED was added prior to addition of the 10% ammonium persulfate.

The ammonium persulfate solution was prcpared freshly just prior to use and
stored op ice. A disposable pipette was used to deliver 3.5 ml Qf the separating
gel w1thout delay to the mini- gel apparatus. A shallow layer of Milli-Q™ water
was overlaid on the polymcnzmg gel. The gel was allowed to set fpr 15

minutes prior to pouring the stacking gel. ‘ ,

Stacking gel consisted of 5% wt./vol. total acrylamide

Acrylamide: B“I§~(3O 0.8) 2.50 ml

1.0 M Tris, pH 6.8 ' 1.88 ml

0.2 M disodium EDTA 0.15ml

Milli-Q™ water 10.3'ml . 7
“TEMED 0.008 ml

10% ammonium persulfate 15 ml

15.0 ml



The stacking gel was added to the top of the separating gel with a Pastuer

pipette and allowed to polymerize for a minimum of 45 minutes prior to use.
et .

2.3.26 Protcin molecular weight standards The low molecular weight
standards usea in the protein profile determination were supplied by BIO-

RAD Laboratories.

2.3.27 lodo-Gen™ was supplie¥ by thé Pierce Chemical Compar. . The
chemical name of fhe compound is 1,3,4,6-tetrachloro-3a, 6ct -
Qiph(i?ylglycoudl. ‘ o

/
2...28 Anprolene™, used for gas sterilization, was supplied by H. W.
Andersen Products, Inc., 221\3\9\11[11 Street, Oyster Bay, New Yor'k
11771 U.S. A.

2.3.29 Geneclean ™ kit was supplied by BIO 101 Inc. P.O. Box 2284 La
Jolla California USA 92038 2284.

2.3.30 Preparatlon of G75 column (Mamans et al. 1982)

Thirty grams of Sephadex G-75 (BIO RAD) was slowly added to 250 ml of
distilled water in a 500-ml flask. The flask was autoclaved for 15 minutes at
18 psi then cooled to room temperature. The distilled water was decanted and
the beads rcsuspended in an equal volume of TE buffer (pH 8.0). The G?7“5

slurry was poured into a suitable sized column and packed under vacuum to

40



remove trapped air bubbles. The column w:}s washed in several volumes of TE
(pH 8.0) before use. |

| g .

2.3.31 The cesium chloride solutions (Handboz}k of Biochemistry ;m-d
Molecular Biology Physical and Chemical Data, 3rd edition, volume I, Fasman,
G. D. (ed) p 419-23, CRC Press, Boca Raton Fl, 1982)

The solutions used in the step gradients were prepared by dlswlllvmg the solid
cesium chloride (99.7% Terochem Laboratories Ltd.) in approximately 100 ml
of I\/Iilli-QTM water. The density of the solution was determined by measuring
the refractive igdex of the solution using a refractometer (Fisher) and usi’ng
standard tables to convert the refractive indiccs, to density values for the
solutions. The stock solutions had refractive inin’ces of 1.3627, 1. 3725, and
1.3820 corresponding to densities of 1.30166, 1 40809 and 1.51126 at 7S°C
respecuw:ly The stock solutions.were stored at 4°C
2.3.32 Diphenylamine Reagent (Burton  1956)

Dlphenylamme reagent was prepared by dlssolvmg 1.5 gof dlphenylamme
(Fisher Scientific Co.) in 100 ml of aceuc dud and addmg\ 1.5 ml of \
g concentrated s:l?u“;c—:wamd The reagent was stored in the dark. Just prior to use

_0.1 ml of aqueous acetaldehyde (16 mg/ml) was added to each 20 m}

volume of reagent used. .

5y \
PN

2.4. Tsolation of Bacterioptiage L1: ( Adams  1959)

"‘B. bronchiseptica AGL-1 was grown on Bordet-Gengou agar for 18-24 hours

T,
4 e

¥ at'37°C in a humidified incubator. A swab was used to a transfer the bacterial growth »



_jfts&{anons three times.

7/\

to a sterile 13 x 100 mm test tube containing trypticase soy broth. The resulting
bacterial suspension was adjusted to an optiéal density at 540 nm Wav_elenghth to
approximately 0.4. A 0.5 ml aliquot of the adjusted bacterial suspension was added to
a 100 ml Erlenmeyer flask containing 20 ml of trypticase soy broth and incubated at
37°C in a shaking incubator (New Bruns;avi,ck Séientiﬁc Co. Model Nb. 761003) at
approximately 100 rpm (a settinglof 4) for 5-6 hours. The contents of the flask were
transferred td%a 20 mil Corex tube and stored at 4°C ovémig&nl The tube was

centrifuged at 8 000 x g for 10 minutes to pellet the bacterial debris. The supernatant

42

was filter sterilized through a 0.2 um Nalgene filter and serially diluted in tfypticase soy

broth. Ten microliter aliquots were spotted onto sloppy-agar overlay plates of the
indicator organism (see section 2.6}, B. parapertussis 17903, incubated overnight at
37°C and examined for plaque formation. Single plaques were removed from the soft-

agar 6verlay plates with a sterile Pasteur pipette, the agar plug'bei;ng placed in 1 ml of

2l

trypticase soy broth at 4°C overnight. The trypticase soy broth co?itainirig thé agar plug

was serially diluted in trypticase soy brot-h and spotted in 10 ul aliquots onto indicator

plates. The bacteriophage .1 was plaque punﬁed by repeating the above single- plaque

oy

2.5 Deterhination of Bacteriophage L1 Titer (Plaque Assay): (Adams
1959) | |

’ - Bacteriophage lysates were serially diluted in trypticase soy b.roth or Lambda
dilvuer‘n._\ :__/'\liqulots (10 pl) were spotted on a singlessoft-agar lawn of the indicator
organis:_m B iparapertussis 17903. ';I‘o maintain the integri‘ty of the spots, the soft-agar

plates were kept at room temperature in a biological hood to allow the spots of diluted

'_’ bactenophage lysate to soak into the-agar. The plates were then incubated at 37°C in a
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humidified incubator for 24-30 hours. Plaques were counted with the aid of a colony

counter iNew Brunswick Scientific Co Model C-110).

2.6 Preparation of Indicato‘i“r Plates: (Adams 1959)

The indicator strair.l, B. pqrapertus&is 17903 was grown up on Bordet-C:=ngou’
agar (BGAI) for 36-48 hours at 37°C in a humidified incubator. Using a swih, colonies
of B. parapertussis 117903 were removed from thci: BGA plate and transferred to a
sterile 13 x 100 mm capped teAst tube containing 4 to S ml of n'ypti\g;ﬁc/soy broth. Th;
optical density of the bacterial suspensi(;n was measured in a spectrophotometer
(Coleman Junior® II Spectro‘photometer Model 6/20) at a 540 nm wavelength and

adjusted to an absorbance. reading of 0.20 + 0.02. A 0.5 ml aliquot of the adjusted
| bacterial suspension was added to a sterile, screw-capped 13 x 100 mm test tube
containing 2.5 ml of molten sloppy agar maintained at 46°C by incubation in a
waterbath. The tube was invérted twice to mix and the contents then poured onto
trybticase soy agar plates that had been equiﬁbrat@d to room temperature. The soft-agar
' ove&igys were allowed to dry in a biological hood with the fan runriing for at least two

hours prior to use.

2.7 Growth Curves of the Indicator Strain B. parapertussis 17903

In order to déterminc the optical density at which the maximal number of cells at
mid-log phase could be obtained and also the doubling time of the organisms, a ng'owth
. curve of the arganisms in :I‘SB was constructedi measuring the absorbance and viable
counts of the cultEi'\c\Qy:g;mp;e. A swab was uséd to transfer the growth from a 24-36
hour BGA culture of B. barapertussis 17903 grown at 37°C in a humidified incubator

to a sterile 13 x 100 mm screw-capped tube containing approximately 4 ml of TSB. .

- -

i
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The bacteﬁa} sus:gé‘nsio,n was adjusted to‘an opticahgdensity at 540 nm of 0.20 +0.02.
Alml sample Wa‘?transferrcd to a nephelometry flask containing 100 ml of TSB. The .
‘néphvelomcuy flask was placed on a 37°C shaker incubator (\Ncw Brunswick Scientific
Co;) anqgshaken at approximately 100 rpm (a setting of 4). At various fim;i-ihtervals,
the opticiil density of the: culture was measured at 540 nm and a 0.1 ml sarhple of the
bactcrial/culture was aseptically taken and serially diluted in TSB. Fifty rr;icroliter
- samples of the dilugi;)ns were plated on both BGA and TSA plates to determine the
viable counts. | |
2.8 Propagation of Bacteriophage L1: o
2.8.1. Soft-Agar Overlay Me»thm‘i: (Adams 1959) B
A 24 hour culture of B. parapertussis 17903 was gr('jwn on Bordet-Gengou

agar and a swab used to transfervgle growth to 2 sterile, capped 13 x 100 mm test tube
containing 5 ml 6f trypticase soy broth. The bacterial suspension was adjusted to-an
optical density at 540 nm wavelength of 0.20-0.22. A QL4 ml aliquot of the adjusted
‘ bacterial suspensioﬁ was added to a sterile, screw-capped test tube into which 50-100
. pl of an bacteriophage L1 lysaie was édded (usual};' 50 pl of bacteriophage L1 lysate
with a titer of 5 x 107 to 2 x 108 PFU / ml).i The bacteriophage was allowed to incubate
 with the bacterial cells at 4°C for a 20 minute period of time. \Ll'I‘he iﬁfccted bacteria were
then transferred to molten slopp;/ agar at 46°C, mixed by inversion, and poﬁred o'nto
TSA plates which had been equilibrated to room temperature. A control plate of
uﬁ’inféctcd B. parapertussis 17903 wz;s included each time to check to see if the lawns
were hcal'thy'. The plates were incubated in the cold room for 30 to 45 minutes and the
wransierred to'a humidified incubator at 37°C and incubated for 24 t0 27 hOLfi"r"s:.. Each
plate was then flooded With 4.0 ml of Larribda diluent and placed on a shaker at 4°C
overnight. The Lambda diluent was ‘remorifg‘d from the plates using a Pasteur pipette

A

e
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avmdmg aspiration of the soft agar overlav‘ftransferred to 25 ml Corex tubes and
‘7
centrifuged at 8 000 x g for 30 minutes. The. bupernat.mt was, uthcr filter sunhud hv
2.

passing the Iysate through a 0.22 um Nalgede fllter or transtemng, to a 51.1\\ bottle

‘containing a few drops of chloroform and stored a[ 4°C ' : '(",_ o

l
R0

-_.'&:.

2.8.2." Broth Method: ( modified from Mmﬁﬁi% i al x 198”)

Y
R

Preparation of Host Bacteria: The followmg tec,hnn]txc was U\Ld to

Q T

_produce a sufficient quantity of a ‘mid- log phase broth culture of B. parapertussis
17903 for 1nfeeuon with bacteriophage L1 required for max|1mal yields of bactenog&ugc
L1. Bordetella parapertussis 17903‘wads grown on BGA plates for 24 1o 36 hours at
37°C in a humidified incubator. The 'b'acten'zﬁ growth Was transferred to a sterile,

screw-capped 13 x 100 mm test tube\dontaini.ng 4-5 mt of trypticase soy broth. The
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absorbance of the bacterial suspension was determined at a wavelenghth of 540 nmina -

spectrophotometer and adjusted toa final absorbance of approximately 0. 2. 4 1 ml

.(,’

aliquot of the adjusted bacterial suspencron was transferred to a stenle nephelometry

flask containing 100 ml of TSB and fltted w1th a cotton or foam bung to allow the -

exchange of air The nephelometry flask was placed on a shaker mcubator at
approximately 100 rpm (at a setting of 4) at 37°C and allowed to incubate unnl thc
absorbance of the bacterial culture at a 540 nrn wavelenghth reached 0.30-0.35 y{hich
required‘approximately 24 to 27 hours. A 20.0 ml aliquot of the bacterial cult re was
transferred to aAsterile capped Corex tube and centrifuged at 4°C and 8 000 x' gto
the bacterla The supernatant was decanted and ¢1e Corex tubes inverted on absorbant
~mamng (paper towels covered by Kim Wipes) until the pellets no longer had a laycr of
ﬂurd on top The host bacteria were ready for bacteriophage infection. V '
Infection of Host Cells with Bacteriophage L1: To infect the bacterial

- pellets, 1 ml of bacteriopﬁag&Ll lysate of known titer ( ~1-2 x 108 PFU / ml) was
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added to the Corex tube and the bacterial pellet resuspepded in the lyséte. The Corex
tube was placed at 4°C for 20 to 30 minutes to allow the adsorpt}oh of the bacteriophage
to the bacteria. The contents of thg Corex tube were then transferred to a 4-liter
Erlenmeyer flask containing 50»()"::1171 of TSB and placed on a shaker incubator at
appfoximatcly 100 rpm (at a scttiné ofd) at 37°C for 24 to 27 hours. Following the
incubation, the Erlenmeyer flasks were placed on ice for approximately 30 minutes.
The bacteria‘l debris was removed by centri'fugatior'I at 2 500 x g for 30 minutes. The
resulting supernatant was decanted into sterile Wheaton bottles to which had been
addcdva few drops of ch{qfofom. The bacteriophage lysates were stored at 4°C for

-~ -

several months without loss of infectivity of the bacteriophage lysates.

2.9 Concentration of Bacteriophage L1 and Purification: (Maniatis et al.
1982) |

Tﬁé bacteriophage stocks, 6btained from either the agar or broth method of
propagétion are divided into 20.0 ml aliquots and placed, inv Corex tubes. Solid
polyethylene glycol was added to, eaph tube to a final concentration of 10% wt / vol.
The polyethylene glycol (S¢gma 8000) was added in small ponions and vortexed
vigorously with each addition to ensure ﬁo lumps of polyethylene glycol wc;uld form.
Solid sodium chléﬁde was then added to a concentration of 1 M (approximately 1.2 g).
The mix&uré was vortexed vigorously to dissolve the salt and polyethylene gly'cbl and
allowed to sit on ice for 1 hour. The bacteriOphage were pelleted by centrifugation at
4°C and 10 800 x g for 1 hour. The supematarit‘ was decanted and the tubes allowed to
~ drain on zﬁ matting of Kimwipes ahd paper towels for several hours at room temperature
or overnight at 4°C. Each drained bacteriophage pf:llet was reéuspended in 0.5 ml of

TSB, the bacteriophage suspensions pooled, and extracted with an equal volume of



chloroform to remove the 'polvethvlene glycol The phases were separated by
centrifugation at 4°C and 8 000 x g for 15 to 20 minutes. The top phase was removed
and maintained either on ice or at 4°C until it could be applied to the cesium chloride
step gradie’hts The step gradients were formed using a peristaltsic pump to
sequemlally lay‘ér“@sCl solutions of, decreasing' density on top of one another in
Beckmanﬂ%/ 40 cellulose nitrate centrifuge tubes. The gradient was composed ot 1 ml
of the, SOlUthl’l with density of 1.3 ; 2 ml of the solution with density of 1.4 , and 3 ml
of the solution with den51ty of 1.5. Each step gradlent was topped wnh 2103 mlof llle
freshly polyethylene glycol precipitated bacteriophage suspension which was  also

layered on with the peristaltsic pump. The step gradients were centrifuged in an SW 40

rotor at 22 000 rpm ( 33 0000 x g) for 3 hours at 4°C. The lower band containing the
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intact bacteriophage was removed with a Pasteur pipette, placed in dialysis tubing and .

dialysed against a thousand fold volume of 0.1 M Tris buffer for 1 hour at 4°C. The
dialysis sac ;Nas transferred to a fresh flask of buffer and dialysed aéainst an additional
thousand fold volume of buffer for 1 hour é; 4°C. \.Tlle\resultant purified bacteriophage
was stored at 4°C. If bands could not be visl)alized' in the gradients, the gradient was
fi ctioned into ~20 drop fractions by placmg the mxcroplpette of the pcnswlsle pump jo
the bottom of the gradlent and pumpmg the gradxent ‘out mto dlsposable 12 x 75 mm
disposable test tubes. A sample of the fracuons were diluted l 1in 10 in Lambda diluent

(see secnon 2.3. 3) and;the absorbance of the dxluted sample was read at 23(), 260 and

280 nm wavelengthsm a leford 250 Specrrophotometer The fractions exhibiting a

peak at 260 and 280 nm were pooled and dlalysed jUSt as the bdctenophage removed

ot

W1th the Pasteur plpctte

Q
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2.10 Propagation of Bacteriophage T4 and A: '

2.10.1 T4 : (Winkler et al. 1976) A culture of E. coli 364 bw'a‘s ‘grown in
100 ml of LB overnight to stationary phase. Thirty milliliters of the overnight culture
were used to innoculate 1 liter of LB in a 4 liter Erlenmyer flask. The flask was placed
on a shaker incubator‘at approximately 100 rpm (at a settng of 4) at 37°C. The optical

density of the culture at 600 nm was monitored with a spectrophotometer every 20
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minutes until it reached an absorbance reading of 0.12 (corresponding to 4 x 108 cells '

er;ml Bactenophage T4 (2 x 1010) was added and the culture mixed 1mmed1ately

J

g.mfected culture was incubated on the shaker incubator for 4 hours, approximately

X
gt}

n

5 ml of chloroform was added to the flask. The flask was allowed to sit at 37°C

wilhout shaking for 30 minutes and was then transferred to an ice bath for a further 30
" minute incubation. The bacterial debris was removed by centrifugation of the
bacteriophage lysate at 8 000 x g for 30 minutes. The‘%l.lpematant was stored at 4°C in
glass Wheaton bottles. The titer of bacteriophage T4 in the lysate was determined.
'2.10;2 A (modif“lcation of procedure in Manniatis et al. 1982 by Dr. A. A.
Ahmed, Department of Genetics, University of Alberta )i A culture of E. coli 176 was
grown in 100 ml of LB supplemented vtflth 0.05 M MgSO4 (stock I M MgSO4 in
double dlstllled water) overnight on a shaker incubator at 37°C to stationary phase. To
() S ml ei the overnight culture dispensed into sterile 13 x 100 mm screw- capped tubes,
0.1 ml of the bactenophage A lysate (2 x 108 PFU / ml) was added. For adsorption,
the bactenophage were allowed to incubate with the bacterial cells without shaking for
20 minutes at 37°C. The cell-bacteriophage mixture was added to 2.5 ml of L-sloppy
‘agar at 46°C, mixed by inversion, and poured onto LA plates which had previously
‘ beerl allowed to come to room temperature. The soft agar overlay LA plate was

! incubated for 7 to 8 hours at 37°C. The plates were then flooded with 3 ml of Lambda

s

-
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diluent and placed on a éha}dng stir plate at 4°C for 1 hour. The L-sloppy agar and the
Lambda diluent were tra‘nsﬁerred to a Corex tube with the aid of a Pasteur pipette and a
rubber policeman and centrifuged‘at 8 000 x g for 20 minutes. The supernatant was
filter sterilized with a 0.22 pm Millipore filter and titrated. The bacter 1 1age lysate was

stored at 4°C in sterile Wheaton bottles.

2.11 Determining the Tifél\}f T4 and A

The same technique was used to titer both the bacteriophage A and T4 with the
exception of the following’modiﬁcations :1) host strains (E. col‘isc 364 was used for T4
whereas E coli 176 was used with X), ii) media (LB supplemented with 0.05 M
MgSO4 was used to grow E. coli 176 and bacteriophage A. Unsupplemented LB wis
used to grow E. coli 364 and T4), adsorption time (bacteriophage A was incubated
‘with the host ceils for 20 minutes at 37°C prior to adding sloppy agar whereas the
bacteriophage T4 and the hbst cells were just mixed prior to adding the sloppy agar). A
100 pl sample of the bacteriophage lysate to be titered was serially diluted in Lambda
buffer to a final dilution of 10-8. A 0.2 ml sample of a mid-log phase culture of the
host bacteria -was infected with 0.1 ml ofAthe diluted bacteriophage. The Acc11~
bacteriophage mixture was added to the L-sloppy agar at 46°C and poured onto room
temperature LA ’plates. A control plate of uninfected host cells was always prepared.
The plates were incubated at 37°C for 8 to 12 hours and the resulting plaques, counted
with the aid of a colony,counter.

-’

2.12 Electron Microscopy:

Cq

Bacteriophage L1 concé‘ntrated by polyethylene glycol precipitation was used
N

3

b2

for the electron microscopic analysis. - The bacteriophage L1 was prepared for



transmiss1ion electron microscopy by negatively staining with 2% wt./vol.asghmonium

molybdate on formvar-coated,LZOO-mesh copper grids.

2.13 Surface Labelling of Bacteriophage L1, T4, and A:

Preparation of Iodo-GenTM tubes: Disposable' (12 x 75 mm) test tubes
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were coated with 1 pg of Iodo-Gen™ by dlsmbutmg 100 },LI of a 0. Olp.g,/ul solutlon (1

ul of 40 pg/ul stock in 4 ml of chloroform) into each tu”be To remove the chloroform
the tubes were placed under a gentle stream of mtrogen gas or left 1n a fume hood untll

dry. The Iodo-Gen™ coated test tubes were stored at 4°C unt1l use ¥:

K

125Iod|nat|0n of the Bacterlophage The bactenopha‘ge preparattons to:
be iodinated were punﬁed on CsCl gradtents and dJalyzed agamsf 0.1'M, ’I‘ns-HCl pnor
to use. A 100 pl sample of the bactenophage (with a tlter of 1010 PFU/ml) ‘was placed
in the Iodo-Gen™ coated tubes followed 1mmed1ate1y with 4 ul of stock 1251 (high
specific acatmt;, New England Nuclear Corp., Boston, Mass.).', -'Ighe tttbewas allovt{ed

to incubate at room temperature for 10 minutes’ with intennittant‘swirling._ ‘One hundred

microliters of a 10% trichloroacetic acid was added to the ttxbe dnd the tibe placed on

‘ice for 20 minutes. The tubes were then centrifuged in the cold at 1600 x g for 30

minutes in an Eppendorf centriftlge. The supernatant fluid was decantedvénd the tubes

1

left to drain in a fume hood for 30 minutes at room temperature. - |

2.14 SDS-PAGE Protein Pattern :  (Laemmli 1970, Peppler 1982)

The component bacteriophage proteins were observed in 123 I surface labelled

bacteriophage and unlabelled purified bacteriophage preoafétions. To the tubes"

containing the TCA precipitated 125 I surface labelled bacteriophage, a 50 il sample of

CsCl gradient purified bacteriophage was added. Fifty microliters of Laemmli

2y



digestion mix was added to the bacteri(&i?ﬂfi‘ge preparations and the suspension
neutralized to the correct pH (the suspénsion was ch.nged from a yellow colour to the
blue colour) using 10 N sodium hydroxide added with 1 mic-opipette. The tubes wcrc.
then i‘nC,Ldlbath for 5 minutes in a boiling water bath. A 5 pl sample was taken to
deterrﬁinc the specific radioactivity of the bacteriophage samples using the gamma
counter. The bacteriophage samples were adjlistcd such that 10 000: 20 000 CPM were
added per lane of a 14% SDS- PAGE mi‘nli-gel ( BIO-RAD). Low molecular weight

protein standards were loaded onto the gel. The gels were run at 5 Watts constant

. power for approximately 1 hour, stained with Coomassie brilliant blue or silver stain,

dried and exposed to X-ray film (Kodak Diagnostic Film GBX-2) at -70°C for various |

times ranging from 30 minutes to eight hours or alternatively left for various times or

»

overnight at 4°C.
2.15 Staining of the SDS-PAGE Mini-gels
2.15.1 Silver staining : ( Tsai and Frasch 1982 modified by M/S_
Peppler, Department of Medical Microbiology and Inféctious Disczmcs,,
University of Alberta) | |
The gel was fixed overnight by ge‘ntle gyrotory shaking in 800 ml of 40% ethanol, 5%
“acetic aéid soluticljn ina covered'large 'dispé’sable‘Petri dish (Fisher 150 x 15 mm). The
gel washcd 3. times for 15 minutes each with SOO ml of deionized water. The water
waS Apoufed’off and_the 148 ml of silver stain reagent was added and allowed to react
with. the gel wit}; mixing for 10 minutes. The silver stain reagent was prepared just
.prior té) use by the %ollowing procedure:‘ 0.28/ml of 10 N NaOH was adbdcd to 27.7 ml

. 'of‘distilled water, followed by 2 ml of a 29% ammonium hydroxidc solution, and, with

St

vigoroué mixing, 5. m},of 20% wt./vol. silver nitrate solution and finz".,, 1.7 mlof

[\ | o

/



distilled water (see 2.3.11). The silver stain reagent was poured off and the gel was

washed 3 times for 10 minutes each’,with 800 ml deionized water. The water was

poured off and 400 rhl of developer (see 2.3.11) . was added and the bands;dn the gel :

allowed to appear to the desired intensity or until the background turned yello@. Some

of the bands on the gel apﬁéared as white-bands on a yellow backg.round therefore the
developer was allowed to turn thé ba(;‘k'ground very yellow for a ?onuast 1n some of the
gels. Thi's overexposed the posit'iifcly stained bands~sb two separaté geis were done.
The developer was poured off éfter the bands br bAackground had developed to the
desired intensity 'and'also‘l.ution of 7%acetic a;;id was added to stdp the development.
The gel wasﬁphotographed and dried on a slab gel drier (BIO-RAD Dual Temperature
Slab Gel Drier Model 1125 B). An autnoradiograph‘of. the gel Qas done (see 2714)

2.15.2 Coomassie Brilliant Blue: The minigels were fixed and stained in
0.2% CoomassieAbrilliant blue R-250 dissolved in 7% acetic acid-5% isopropanol
fixing solution for apprqximately 2 hohrs. After staiﬁing; the gels were destained by
washing in 7% .acetic acid-5% isébropanol mix‘ture until the background was light
coloured. The gel was washed in a final déstai’ning solution of 7% acetic acid. The gel
was photographed and dried -bn the slab .gel drier (BIO—RAD Dual Temperature Slab
Gel Drier Model 1125 B). An autoradiograph of the gel was do}xe (see 2.14)

2.16 Nucleic ‘Acid l[v)etérimination: (Burton 1956, Paranchych and Graham
1962) ;__} ~
Bacteriophage L1 aﬁd‘ T4 samples Qem prepared fbr analysis by concentration

of crude bacteﬁophage lysaics l;y polyethylc'he glyco} precipitation, purification by

separation on a cesium chloride step gradient followed by dialysis of the sample against

0.1 M Tris buffer. Samples of the bactén’ophage»( 0.05-1 ml volume’sz were placed

52
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Uéln.mo test tubes. Calf thymus DNA (from a stock solution of 1.25 mg/mi in distilled

viagter) was added to another set of test tubes such that a standard cugve ranging from

of dipheﬁ‘&ldhime reagent contaaining acetaldehyde (see section 2.3.32) was added to

y each tube and mixed by inversion. 1The tubes were placed in a 30°C water bath and the
colour aIlowed to develop for 16-20 hours. The absorbance at 600 nm of each tube
was measured against the blank and compared with the value‘sxobtamcd with the
standard DNA wavelength using the spectrophotbmeter (Coleman Junior® I
Spectrophotometer).

2.17 Bacteriophage DNA Isolation : (Maniatis eral.  1982)

The b’acteﬁophage that had been puﬁﬁed on the CsCl gradiénts. and had
produced a thick, visible band in the gradient was dialyzed agamst 0. 1 M Tns (pH 8)
and placed in an Eppendorf tube such that it was only one third full (40() pl of purified
bacteriophage Ll). EDTA from a stock solution (0.5 M, pH 8.0) was added to each
tube to give a final concentration of 20 mM (approximately 20 pl stock EDTA).
Proteinase K from a stock solution (1mg/ml) was added to a final concentration of 50
pg/ml (approximately .2(} Hl stock Proteinase K). SDS from a stock solution (20% ‘g/ '
wt./vol in water) was added to a final coﬁcentration of 0.5% ( approximatcvly 11 ul stock
SDS). The tube was inverted several times to mix. The tubes were placed in a 65°C

water bath and incubated for 1 hour. An equal volume of equilibrated phenol was

D



54

added to ach tube. The tubes were mixed by inversion and the phases separated by
centrifugation at 1600 x g for 5 minutes at room temperature. A wide bore pipette was
used to transfer the aqueous phase to a clean tube. The aqueous.phase was extracted
once with a 50:50 mixture of equilibrated phengl and isoamyl alcohol-chloroform. The

phases were separated by centrifugation at 1600 x g °r 5 minutes at room temperature.

The aqueous phase was transferred to a clean tube nd extracted once with an equal #

volume of isoamyl alcohol-chloroform. The a  >us phase was recovered and
extractcd’\wi‘th an equal volume of diethyl ether. The phases were allowed to separate
by leaving the tube in a vertical position undisturbed for 10 minutes at room
temperature. The ether phase was removed with a Pasteur pipette, re-extracted with an
equal volume of diethyl-ether, and the phases allowed to separate. The ether wﬁs
removed with a Pasteur pipette and residual ether removea by blowing a stream of
nitrogen gas across the surface of the aqu‘eous phase in a fume hood. A 0.1 x volume
of 3 M sodium acetate and‘2.5 x volume of 95% ethanol was added to the tubes to
precipitate the DNA. The DNA solutions were stored at -20°C overnight. To recover
the DNA, the precipitated DNA was centrifuged at 1600 x g for 15 minutes in the cold.
Thc. supernatant was decanted and the DNA pellet washed in 3x volume of ice-cold
70% ethanol. The DNA pellet was dried under vacuum and resuspended in 50 pl of
distilled water or TE buffer. The DNA solution was heated to 65°C for ;O minutes to
aid the DNA to‘enter solution and then stored at 4°C for at least 2 days before use to

ensure the DNA was fully dissolved.

P
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2.18 Restriction Enzyme Analysis of Bacteriophage DNA :

2.18.1 Restriction Enzyme Profile : Several restriction enzymes were
used under their specific conditions to digest samples of the bacteriophage L1 DNA: A
control sample of DNA (A or suitable plasmid) was also digested in order to ensure the
restriction enzyme was active. The restiction enzyme digests were run on 1% Tris |
borate (TB) agarose ge.s or 0.6% Tris-acetate (TA) agarose gels using the Wide-mini-
sub™ cell electrophoresis appara%us (BIO-RAD) and stained with 1% ethidium bromide
solution. To separate the large fragmehts of the Xba I digests, a larger gel apparatus
was used (gel bed 210 x 130 mm produced by Aqueboque Machine Shop, Box 205
Main Road, Aqueboque, New York 11931). |

2.18.2 Restriction Enzyme Map : Th¢ réstriction enzymes that produced
5or leggs bandS on the gels were used for r,csn'ict.ion rr‘1.ap>ping. Double digests using
two enzymes were conducted. The restriction enzyme digcstibq requiring a lbw salt
buffer was conducted first if the two enzymes required differen,t{c‘:action conditions. If -
a cemmon buffer was used, the two enzymes were (added/ at the same time‘. va:
resulting‘digestions were run on 1% TB agarose gels and 0.6% Té agarose gels. To
look for small fragments (<1 kb), 2% agarose and. 14% PAGE gels were run.

2.18.3 Analysis of the Large Xba I F.agment : In‘or‘der to determine
v;hich of the Sst 1/ Xba 1 fragments were contained in the large Xba 1 fragmcnt, a
sample of L1 DNA was digested with Xba 1, separated on a 0.7% TB agarose gel,
stained with ethidium‘bromide and the large band removed from the gel with the aid of
a razor and a UV-lightbox. The DNA was isolated from the gel u’sing Gene-Clean™,
The re-isolated DNA fragment was digested with Sst I and separated on a 0.7% TB

agarose gel. The resulting gel was stained with ethidium bromide and photograpned.
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2.19 Analysis of the Bacteriophage L1 DNA Ends :

| 2.19.1 E:&iabelling . (Maniatis er al. 1982)

Bauerlophagc L1 DNA (7-8 ug) was placed in an Eppendorf tube and dried downina
vacuum dessicator. To the dry DNA the following were added : 2 pl of 10 x kinase
buffcr, 10 pl 32P-y—ATP, and 8 pl of water. To the DNA solution, 1 pl of T4
| polynucleotide kinase was added and the tube incubated at 37°C fqr 30 mirr}‘utcs. To
stop the reaction, 5 pl of 0.25 M EDTA was added and the tube vortexed. The DNA
solution was then phenol extracted with an equal volumé of equilibrated phenol and

‘ethanol precipitated with 0.1 x volume of 3 M sodium acetate and 2 x volume of 95%

ethanol and incubated on dry ice for 30 minutes. The precipitated DNA was pelleted by
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centrifuging in the cold for 10 minutes. The supernatant was decanted and the DNA ~

pellét dried in a vacuum dessicator The DNA was resuspended in 20 pl of water
Two 2 ul samples of the end-labelled DNA were digested with restriction enzymes
(Xba I and Ssr I) known to give few bands on digestion. The restriction enzyme
digested DNA was run on a 1% TB agarose gel. The gelq_was then dried on a slab gel
drier for 2 hours, éxposcd to X-ray film and the autoradiograph dev.elopc'd. The actual
goal of the experiment was to end-lébel the bacteriophage L1 genome, subject in to
restriction enzyme digestion witﬁ the enzymes being used for mapping (Xba I and Ss?
[D).runa 1% agaro§€ TB gel and expése the gel to autoradiography as a means of
determining the restriction fragments that ‘were at the ends of the bacteriophage L1
DNA.

, 2.19;2 DNA Reassociation Experiment : (Dr. A. R. Morgan,
Departmcnt of Blochermstry, University of Alberta ) .
AThe following experiment was done to determme if there were any crosslmkmg or

‘hairpin loops at the ends of the DNA of the bacteriophage L1. A sample of
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bacteﬁophage L1 DNA (1 pul of a stock DNA solution of 1 mg DNA/mI of water) was
placed in a test tube. A sample of calf thymus DNA (ﬁg—n‘; adtock of 1 mg/ml) was
pfepare’d in the sa?‘ze manner to act as ‘a contro}. A 5.0 ml volume of ethidium bromide
buffer pH 8.0 (see 2.3.7.) was added to the tubes and the tubes allowed to sit at room
temperafure for 1 minute. The absorbances of the tubes were read in the fluorometer.
The tubes were then transferred to a water bath at 96°C and ;llowed to incubate for
exactly 2 minutes. The tubes were then transferred to a roo:n temperature water Bﬁt_h

for exactly 2 minutes and the absorbance of the DNA solutions taken and compared.

2.20 Nick-Translation:  (Maniatis eral. 1982)

“

Two hundred nanograms. of bacteriophage L1 DNA was added to an Eppendorf tube '.

followed by 2 pl of three cold nucleotide mixtures ( stock solutions were 1 mM dNTP .
< : R .

Bnucleotide mixtur‘esiused. were dTTP, dCTP, and ;jGTP. The
$olutions were dried down under vacuum. The following were
’" 160 pl of--Watef, 2 ul of 10x nick translation buffer (50 Hlof I M
Tris-HCl pH 7.8 0.1 M MgCl, , IAul of 2 mg/40 Lll BSA, 49 pl water, 0.7 ul 8-

mercaptoethanol. This buffer is made up just prior to'use and stored on ice.), 2 pl 10x

- DNase (from a stock of 1 mg/ml in water and diluted to 10-7) and 2 p! of a32P- dATP

(New England Nuclear specific aétivity 3000 Ci/m}}/lioie). The tube was incubated at
12°C fbr 3(; minutes. DNA polymerase [ (0.25 pl) Was added to the tube and allowed
to incubate for a further 1;5 hours at 12°C. Eight microliters of 0.25 M Eb’I:A was
added to the tube and the tube was incubated at 65°C f‘or’l() minutes. The contents of

the tube were passed through a G75 column in TE buffer to separaic the unincorporated

pH 7.5, 2 mM B-mercaptoethanol, i mM EDTA, 50% ethanol and:

g
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label from the labeled DNA. A sample of the labelled DNA was counted in the
scintillation counler (Beckman LS 9800) to determine the specific activity.
l .
2.21 Isolation eof Bacterial DNA :
2.2121 Mini-Method: (Maniatis er al. 1982 modified by B. Pasloske in the
laboratory of Dr. W. Paranchych, Department of Biochemistry, Unlvcrsity of Alberta.)

The organisms were grown in broth culture to stationary phase. An Eppendorf
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centrifuge tube was filled with the bacterial culture 4nd the bacteria pelleted by

%enmfugatlon for 5 minutes at 12 000 x g in a benchtop centrifuge (Eppendorf 5413)

~ The supernatant was decanted The bacterial cells were resuspended in 100 pl of

solution 1 (0.025 ml 1 M Tris-HCI pH 8, 0.005 ml 40% glucose, 0.95 ml distillcd'

g;;vater, 0.04 ml 0.25 M EDTA pH 8 and a small spatula amount of lysozyme and 10 ul

of 5 mg/rbl RNase added xjust prior to use) by vortexing. The tubes were allowed to |

stand at room temperature for 10 minutes. Two hundred .microliters of solution 2

*(0.050 ml 10% SDS and 0.95 ml distilled water) was added to each tube,'thc tubes

.vorrexed to mix and allowed to sxt at room tempesature for 10 minutes, Seven hundred

1‘,),&4 L

mlCrOIIICI‘S of TE buffer was added to each tube. To break up the pellet and facillitate

the extraction of the. DNA, the contents of each tube was pulled t'gh a syringe (16

jad

gauge bore) several'times. The bacteria were phenol é,xtracted twice with 400 pl of

eqxfsilibrated phenol Each pvrep'ax‘atjon was split into two tubes containing 450 ul each
A

- Fifty mxcrollters of 3 M sodium acetate was added and the tubes rmxed by vortexmg

The tubes were "then filled wuh cold 95% ethanol and the DNA prec1p1tated by storing

Lo at -7()°C ovemlght or 70°C for 15-20 mmutes " The DNA was spun down by

Lenmfugmg for 5 minutes in an Eppendox:f centnfuoe in the cold. The DNA was dned

- f

in a vacuum dessicator and resuspended in 50 pl of TE buffer.

e
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2.21.2 Large-Scale C-llromosomal Isolation : (Maniatis er al. 1982
modified by Dr. W. Paranchych laboratory, Department of Biochemistry, University of |
Alberta).

A broth culture of the oacteria was gro'w'n into stationary phase and a 40 ml aliquot
placed in a Corex tube and centrifuged at 8 000 x g for 20 minutes to pellet the cells.
The eells were resuspended in 2 ml of 25 mM Trisl-h Cl (pH 8,0) and 6 ml 10 mM Tris-
HCl/ 1 mM EDTA / 20% sucrose (wt /vol) pH 20 and left on ice for 10 minutés.
Four milligrams of lysozyme were added to each/tube. The tubes were vortexed and
left on ice for 10 minutes. Onexﬁtxnmed sixty micrograms of 10% SDS were then
added to the tubes. The tubes were vortexed and kept on ice for 10 minutes. The tubes
were then incubated at room temperature for 5 minutes and then at 7()°C for 5 'minutes.
Eight mﬂhhters})ﬁTE buffer was added to each tube and the lysate passed several times
through a.10 ml syrmge ‘with al6 gauge needle to mix the SOlU[lOﬂ and shear the DNA.

The lysate was phenol extracted three times w1th 5 ml volumes of equilibrated phenol

The phases were separated by cenmfugatlon at 8 000 x g for 10 minutes: Boiled

RNase was added to a final concentration of 100 ug/mhand left at room- temperature for

1 hour. Phenol extractions were contmued untll the protein interface disappeared. A
0.1x vilume of iM sodlum acetate and 2k to 3x volume of 95% ethanol were added

to the tubes. The tubes were then inverted several times to clump the DNA which was

"

then removed usmg a glass hook made from a Pasteur pipette. .The DNA was

drssolved in 7 ml of TE buffer and 1 05 ?g} of 3:M sodlum acetate ‘was added The
DNA solunon was phenol extracted once more and then 18 ml of 95% ethanol was

added to pre01p1tate t,he DNA The tubes were stored overmgh; at 2()°C and then

centnfuged at lO 800 for 3 minutes. The DNA pellet was resuspended in’ l to 2ml of )

. TE buffer o o >

-
.
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2.22 Preparation of Nitrocellulose Filters for Bacteriophage 1. DNA
Hybridization
| 2.22.1 Colony Hybridization: ( Maniatis et al.  1982)

This method was usscd to screen selected strains of three Bordétella species; B.
pertussis , B. parapertussis , and B. bronchiseptica. Pieces of nitrocellulose (BIO-
RAD _Trans-bBlot Transfer Medium 0.45 im) were cut 50 as to fit b_n the agar surface of
the BGA platzs. A grid was drawn onto ordinary loose-leaf paper that was the same
size as the nitrocellulose, dividing up the surface into regular pieces.  With the ®
nitrocellulose still within the protective covering paper, the grid was traced onto the
_.»nitrocellulose by using a pen to press the impression of th&gnd onto the underlymg
mtroccllulose The nitrocellulose ﬁltcrs were placed in plastic petrle dished and gas
sterilized (Anprolencm). Just prior to use, nitrocellulose filters were placed onto the
BGA agar surface using sterile forceps. The bacterial strains to be screened were
- grown up‘on BGA plates at 37°C in a humidiﬁed‘ incubator. Tg compensate for the

different growth rates of the three species, 84 hour B. vpevrtussis, 36 hour B.

parbpertussis and 18 hour B. b'ronchiseptica‘ cultu/jres were used to inoculate the
nitroceﬂulose filter., The-i,n‘oéulatiop- of the filter was spread over three days. ’i‘he first
day, all B. pertussis> strains were inoculated, the second day, all B; pqrapef'tussis !
strains were inoculated, and on the third day all B. bronchiseptica i 'wefe ’in_oculated. A
negative confrol, Escherichia qoli 3’64 was also inoculated at the same time as the B.
‘bronchiseptica. Inc’>culation was doné by random sampling of the bacteHal cofbnies'ozrl _
the BGA plates wnh a sterile toothplck and transfemng the growth to a gnd on the

-nitrocellulose- BGA plates The mtrocellulose BGA plates were mcubated at 37°C in a

humidifitd incubator for a total of four days. The nitrécellulose was rcmoved from the
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BGA plate and the colonies lysed on the nitrocellulose by the following method : the

nitrocellulose was placed bacteria side-up (avoiding air bubbles) for 3 minutes onto a
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Whatman 3 MM ﬁ}ter that had been soaked with a 10% SDS solution. Excess SDS

was removed by scraping the bottom of the filter against the side of the tray containing

the SDS-soaked filter. The nitrocellulose was then transferred to a tray containing (.5

M NaOH and 1.5 M NaCI and incubated for 5 minutes. Excess liguid was removed.

against the side of the tray and the nitrocellulose transferred to a tray containing (). S M
Trs-HCI (pH 8.0) and 1.5 M NaCl and incubated for 5 minutes. Excess llqu1d was

removed and the mtrocelluloseplaced in a tray containing 2 x SSPE and incubated for 5

minutes. The nitrocellulose was placed onto absorbant filter paper and a paper towel

and baked at 65°C for a mini'mum_ofJZ hours' in an oven. The nitrocellulose was
prepared for bacteriophage L1 DNA hybridization.
2 22.2 Dot Blot Hybridization: ( Maniatis et al 1982)

Thxs method was hsed to screen those colonies Wthh showed some degree of

""%ybndlzauon with the bacteriophage L 1 DNA probe but less than the positive controls. |

The bacterial DNA used was extracted by the mini-method of bacterial DNA extmc.uon

The concentrations of the resultmg DNA solutions were estimated by addm ga sdmple

o; the DNA solution to _5.0 ml of the ethldxum bromide buffer ’(see section 2.3.7) and

‘méasuring the fluoresence (Gilson Spectro/glo. Fi{lter Fluorometer). The volume of

P

bacterial Df__\IA solutions placed on gridded nitrocellulose was calculated 50 a$ to place a

standard amount of DNA on each gnd After application of the DNA, the nitrocellulosé

. % )
was baked at 65°C for a minimam of 2 hours in an oven. _ |

- 2. 52 3 Southern Blot Hybndlzatlon  (Maniatis et al 1982)

Thls method was used to detemune if the colonies: shown to be pOsmve by the‘

dot-blot had the bactenophage L1 genome 1ncorporated mto the bactenal genome in
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order to determine if the bacteriophage was lysogenic. The bacterial DNA used was
prepared b.y the large-scale DNA extraction. The bacterial DNA was,digested by the
restriction enzyme Xba I according to manufacturers instruction and the resulting
digested bacterial DNA run on a 0.75% agarose TB gel. The gel was stained with
ethidium bromide and photographed. The DNA fragments were transferred from the
agarose gel to nitrocellulose paper using the following steps. The gely@tr,a”nsferred
to a glass dish and unused areas of the gel were trimmed away using a ra(ior‘hlade. The

DNA was denatured by soaking the gel in several volumes of 1.5 M NaCl and 0.5M

NaOH for 20 minutes with constant shaking at room temperature. The gel was - °

neutralized by transfem'ng the geltoa tray eontainmg several volumes of a solution of 1 -

MrTris-HCl[IpH 8.0)and 1.5 M NaCl and soaking the gel for 20 minutes at room. ‘

temperature with constant shaking. A plece of nitrocellulose paper was cut such that it
fit the gel surface w1thout overhang Two pleces of Whatman 3 MM paper were J<\:.ut
one was cut slightly larger than the gel and the other cut slightly smaller than the gel. A
small tray was completely filled w1th a sponge (regular kitchen type). HThe sponge was
moiste %ed with a 10 x SSPE solution but there was no 11qu1d above the surface of the
sponge. The larger Whatman 3MM paper was placed on the soaked sponge followed
by the\ gel withithe DNA side up _(same side up that was up during the electrophoresis)
followed by the cu’t.nitmcell,ulose paper followed by fythe smaller Whatman 3 MM paper
followed by a stack zt paper towels cut to' the' same size as the smaller W_h_atmah 3MM
_paper ttnd a small weight. ‘Care was t;ken to ensure that the liquid in thé sponge could
get to the paper towels only through the gel and not through any materpl overhangmg

' the gel whteh would prevent the transfer of the DNA ‘The system wa‘s left ndlstu.rbed

dt room temperature ovem ht The mtrocellulose was removed from the gel and baked -

-

at 65°C for a«mnymumo 2 hours ”«U

~
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ray film ( Kodak D1agnost1c Fllm GBX-2) ovemlght

03

2.23 Hybridization of Nick-Translated 'Bacteriophage L1 DNA to
Bacterial DNA:
| (Maniatis ez al. 1982 modified by W.Paranchych laboratbry, Department of
Biochemistry, Uvniversity of Alberta)
The colony blots, dot blots and Southern blots were used in the hybridization

experiments. The blots were preincubated in the following solution: 2.5 ml of 20 x

J a .
~'SSC, 0.5 ml of 2% SDS, - 0.040 ml of 0.25 M EDTA, 1 ml of 10 x PM:A0.06 g

Flcoll 0 06g BSA, 0. 06g Polyvmyl pyrrolldone 15 ml water, 15 ml 20 x SSC) () 98
ml dlsnlled water, and 5'ml of formamide. The blots were placed in a heat- seulable
Olasti€e bag ’_(seal-o—bag), sealed, and incubated with constant shaking at 37°C for at least

3 hours. The pre:h bridiia iOR mix was poured off. A mixture of denatured probe and
fﬁ y .

calfnﬁymus DNA was pre 8 “\ £ g 1lmg 1to3 x 106 CPMS of nick-translated probe

and 0.1 ml ofcalf thymus ¥ / (from a stock of § mg/ml which had been sheared in a
somcator) for 3 minutes. The denatured probe mlx was added along with 2 to 4 ml of
the pre- hbe1zauon buffer to the plastlc bag witlr the blots. The bag was resealed and
incubated at 37°C.ovem1ght wlth constant shaking. The hybridization mix was poured

off and t}}e'ibllot removed from the plastic bag' and placed in-a gla_ss tray. The blot was

5 rir)lged with the folld‘W_ing solution at 65°C for 30 minutes with constant shaking : 125

" ml of 20 x SSC, 5 ml 10’% SDS, 2ml0.25 M EDTA, and 368 mt water. The blot.

was then washed twice at room temperature with 2 x SSC, air dried and exposed to X-

7

+



3.0 RESULTS

3.1 Isolation of Bactelriophage L1.

3.1.1 Titer of Bacteriophage L1 on Broth Culture Isolation.
Bactcriophage'Ll was obtained from B. branchiseptica AG1-L broth culture

)

(see section 2.4) after 5 to 6 hours of incubation at 37°C (titer ~ 105 PFU/m)).
T
3.1.2. Plaques on Indicator Organism:

Bacteriophage L1 formed clear plaques measuring 1 to 2 mm on the indicator
organism, B. parapertussis 17903 after 24 hours of incubation. Indicator plates made
using TSA plates more than 2 weel® old produced plaques pinprick in size.
Conversely, use of TSA platés less than 24 hours old produced smeared plaques of 2 to

3 mm in diameter after 24 hours of 1ncubanon Standard plaque size was obtained on

indicator plates made from TSA plates that were 2 to 10 days old!

3.2 Soft-Agar Overlay Method of Bacteriophage Propagation.
The soft-agar overlay method was used to raise the titer of the bacteriophage L1
lysates obtained from plaqué-puriﬁed bacteriophage L1 to ~109 PFU/ml. The soft agar

overlay method proved to be more labour intensive and time consuming than did the

broth method (see secuon 3.4) and was therefore not used for mass producnon the

X’

(’ bactenophage L1 necessary for characterlmuon

3.2.1 Effect af Ambient Temperature 6n Lysis of the Soft-Agar f\“"vf;rlayl
Plates -

After pourmg the soft agar overlays the overlays were allow-d to congeal
(w1thout stacking) on the cold metal oﬁme biological hood The plate were the-

stackeq and incubated in the cold room (~ 4%C)-for at 1east 30 minutes prior to

L I
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- incubation at 37°C. Ine'uhation >of the overlays at 4°C prior to incubation at 37°C was
1nst1tuted after .an apparent effect of temperature on the plaquing ability of the
bacterlophage L1 was observed. Numerous soft agar overlays were poured and
stacked 10 hlgh in the btologlcal hood to-save space Atter mcubanon (at 17°C without
the 4°C incubation), the plates exhibited a gradtent of lysts from the top of the stack to
the bottom ranging from less than 10% lysis for the upper most plate to 95% Tysts for
the bottom plate. This was a reproducible occurance especially when the temperature in

the hood was elevated above room temperature by using the Bunsen burner flame in the

hood.

3.2.2 Optimal Harvest of the Soft-Agar Overlay Lysates. -

Parameters for harvesting the bacteriophage L1 that were found to be important
" to the titer of the bactertephage lysates are as follows : plates that exhibited 90% to 95%
lysis produced maximal harvests; plates left in the incubator at 37°C for longer than ~30
.hours produced bacteriophage lysates of lower titers; and higher titers of bacteriophage
‘were harvested ﬁ?the Parbda diluent was removed without the soft-agar from the soft-
agar overlay pla&tes ' To determine if harvested lysates would be of higher titer if th'e .
soft-agar was removed from the plates along with the Lambdd diluent (see secuon
2.8. ), the followmg 51mp1e experiment- was conducted. Two sets of 10 soft- ttgar.
. -overlay plates.. infected and mcubated under the same condmons were flooded w1th

| 3.0 ml of Lambda diluent. To harvest the baeterlophage, one setﬁof plates had the soft-
.agar seraped off wtth a rubber policem’_an and‘ harvé'sted_with the Lambda diluent and
the other set was harvested with only the.Lamb"da diluent. The titers of the resulting

bacteriophage 1. sates were.2 8 PFU/ni! for the lysates with the 'soft agar and | x
ag - PE > g

109 PFU/ml for :he lysafes without the soft agar. The lower titer of the lysate harvested
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with the soft agar as gompared with the lysate harvested without the soft agar

contraindicated the harvest of the soft-agar with the Lambda diluent. As a further

attempt to harvest more bacteriophage from the sbft-agar overlays, a second wash of 3
“ml of Lambda diluent was added to thé soft-agar overlay I;lates after the first wash had
been harvested. The plates with the second was%h were incubated at 4°C with gentle
| roftary shak_ing for a further 2 hours. The titers of the two lysﬁtes were as follows : 1.7
x 109 PFJ/mI for the first wash and 5 x 107 PFU/ml for the second wash. The titer of
the lysate fror;l the second wash did not warrant its inclusion into the protocol.. |
3.2.3 Parameters Inﬂuen(;%g the Titer of the Bacteriophage Lysates.
Once the optimal hafé%\éting techn’ique was established (see section 3.3.2)
attempts were then made to maximize the ti_;egs of the bacteriophage lysates produced by

-the soft-agar overlay method by manipu!&f "l‘ng the parameters listed below (sections

3.2.3.1 to 3.2.3.3).

o

3.2.3.1 Bacteriophage Adsorption at "Room Temperature.

Host bacterial cells were infected as described in the soft-agar overlay method

66

‘ p{:-bwt_ériophage'propagation (see section 2.8.1) however, with a modificatioh to the

prbtocal which allowed the bacteriophage L1 to adsorb to the host cells by pre-
incubation of the bacteriophage L1 with the host cells at room terﬁperature prior to

being added to the soft agar. Room temperature pre-incubation for the adsorption of

the ba-ctcriophage | to its host had been successfully used to obtain maximal titers (A.

- A. Ahmed,“Department of Genetics, University of Alberta personal communication).

The resultant titer of bacteriophage L1 lysates however, showed no significant

difference in the titers of the lysates produced after the 15 minute pre-incubation at

“(9



o7

r oy
o

room temperature as compared to the lysates produced using the prdtocol without the
room temperature pre-: *~ubation. The average of the titer of the bacteriophage lysate
without pre- mcubanon was 1.95 x 109 PFU/ml + 6.4 x 108 PFU/ml The average titer
of the bacteriophage lysate with a 15 minute pre-incubation at room temperature was

1.90 x 109 PFU/ml + 9.2 x 108 PFU/ml. : > 2

3.2.3.2 The Effect of Calcium ‘and Magnesium Ions on the Titers of
Bacteriophage L1: “
Certain bacteriophage-host cell systeins,require calciim or magnesium ions for

makimal bacteriophage adsorption (Mamiiatis etal. 1982) and cation requirement is
tested in characterization of bacteriopha;e hsing the criteria outlined by the LC.T.V.

| (Ackermann 1987). Bacteriophage L1 was propagated by the soft-agar overlay
method (see section 2.8.1) using media supplemented with 10, 20, 50, ‘7.5’, 100 mM of
'C3C12 or MgClz. The host cells Were infected at a mul?iplicity of infection of 0.02. A |
control plate of unsupplemented infecfed host cells was also plated. The resultant titers
of the bacteriophage L1 lys.étes were in the range of 1 x 109 to S x 109 PFU/ml which
was comparable to the.titer of the bacteriophage L1 lysate (5 x 109 PFU/ml) obtained

from the unsupplemented' TSB and ‘soft-a'gar. The bacterial lawns produced on the

[od

agars supplemented thh the various concentrations of CaCl, and MgCly were on

visual mSpecnon exhibiting the same amount of growth as the unsupplemented fdvxg* -

.‘a ” " \‘:_ ‘)“ .
3.2.3.3 The optimal multlphcnty of mfectlon '(mol

.
Determlnanon of the opnmal muluplluty of infection is crucial Lo p;i !uu .

_‘maxxmum titers of bactenopha;,e in th(. lysates (Ad&ms 959 - The hnx‘t’ullxpg .




bacteriophage propagation (see section 2.8.1). A rough estimate of the“optimal
multiplicity of infection was determined from various infections usé'd"‘in several soft-

agar overlay propagations of the bacteriophage L1. To pinpoint the vallie for the

A a

optimal multplicity of infection, an additional experiment was conducted.

The initial infections using the soft-agar overiay method wete conducted using
several different multiplicities of infection. The on'ginal premise guiding these first
experiments was that by increasing both the titer of bacteriophage used for infection and
increasing ihe number of bacterial hosts available for infection, an increase in the
resulting titer of the bacteriophage lysate should result. The first experiments used an
inbéulum of bacteria of 0.4 ml of B. parapertussis 17903 adjusted to an optical density
at 540 nm of 0.8 (viable bacterial counts not done). The soft-agar overlays were
infected with 50 pl of bacteriophage suspension with titers 106 PFU/ml in one
experiment and 108 PFU/ml in another case. The titers obtained in ihe’ bacteri ~phi e
lysates were both approximately 104 PFU/rnl. Adams (1954) reported that interfefence
with the growth of host cells would substatially reduce the ‘burst size and.consequently‘
the titer of the bacteriophage lysates. Further, the build up of toxic metabolic by-
products and depletion of nutrients in the growth medium would also severely impair
the grow of the bacterial cells. The heavy bactenal inoculu/m in the soft-agar could
- produce conditions because of the numerous bacterial cells competing for nutriems’ and
producing the metabolic by-products, thég were not favoufablc for th‘e production of
largc numbers of bacteriophage. | y
Conscqucn;ly, a more conservative approdch was taken to produce the bactenal

lawn to be infected with the bacteriophage L1. The plaque assay (section 2.5) used a

bacterial inoculun of 0.4 ml of a bacterspl suspension adjusted to an absorbance at 540

~

- nm oot 0.2 to produce satisfactory bacterial fawns. The bactenal lawn inoculated with

68
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the various titers of\bacterio_phage L1 for the next set of experiments was the standard
one used for the plaque assays. The scatter plot of the titer of infecting b;\ctcriophagé
versus titer of the resulting bécteriophage in the lysate (Figure 1) indicated that infection
with a lower titer of bacteriophage in the standard bacterial lawn produced lysates with
higher titers. In addition, it became apparent that infecting the standard inoculum of
host cells w1th a standard titer of bacteriophage L1 would produce only\ a narrow range
in titer of bactenophage in the lysate. The most logical way to funher increase the titers
of the bacteriophage L1 lysates was to use a lower multiplicity of infection. This ratio
could be changéd either by increasing the bacteria seeded into the lawn for infection
within the confines set by the earlier experiments or by lowering the titer of the
infecting bacten’ophago lysate or perhaps a combination of the two. Consequently, the
following experiment was conducted to provide a greater insight into the soft-agar
overlay propagation technique. The experiment had the following modiﬁcations r:udc
to the protocol for the soft- agar, ovcrlay propagation method (see section 2.8.1): thu
bactenal suspensxons were adjustcd to thef following optical densities (at 540 nm) '
0.10, 0.16, () 22, 0. 27 O 3’1 and 0.54 which corresponded to viable counts of 3.7 x . »
108, 5.6 x 108, 1.0 x 109, 1.1 x 109, 2.1 x 109, and 2.7 x 109 CFU/ml respectively.

A stock lysate of bacteriophage Ll with a titer was 5 x 109 PFU/ml was serially dilutcd.
one in ten in TSB to produce bacteriophage suspensions with titers of 108, 107, 106

and a final dilution of 105 PFU/ml. A 0.4 ml sample of each different adjusted bacterial

suspension was infected with 100 pl of each dilutioo of bacteriophage in a sterile 13 xr
100 mm screw-capped tube. The range in multiplicitiy of infection was 3.4 to MO005.

Therinfected cells were allowed t()) incubate for 20 minutes at 4°C and then plated by the
soft-agar method of bacteriophage propagation. ;Fhe titers of the rcAsultir’mg

bacteriophage L1 lysates were determined by the plaque assay (see section 2.5). The



Figure 1 : Titers of bacteriophage L1 lysates harvested from soft-agar overlays using
various titers of bacteriophage to infect a standard bacterial suspension. The lysates were
produced ‘liy infection of the standard bzicu:riai inoculum (0.4 ml of a bacterial suspension

. para;)ertus.s‘[s -179()3 adjusted to an optical aenSity at 540 nm of ~0.2) with several

- different titers of bactcrioplhagc L1. After infection, the soft-agar overlays were incubated

at 4°C for 20 minutes prior to), transfer to 11'1(3 37°C humidified incubator for 24 hours. The
overlays were flooded with Lambda diluent and the bacteriophage harvested b+ :¢ > of

the liquid component of the plates. This scatter plot suggested use of lower ti s ot -

. . . . N ass
bacteriophage L1 to infect the bacterial lawns increased the resulting bacteriophage 1.1
lysate within the limits of the compiled data.



e

Titer of Bacteriophage L1
in. the Lysate (PFU/tkd)

1011

B..
1010+ g g’ g
: o 8
E m
a
I09 - o} a
o]
&
g . , 1
10
107" 108 109 1010

Titer of Bacteriophage L1
.used for Imfection (PFU/mI)



following trends could be discerned from the graph of the resulting titers of the

<, sabacteriophage lysates plotted against the increasing viable counts of host bacteria

inoculated into the soft-agar overlays (Figure 2). The data indicated that the
bacteriophage lysate titer in?:reaeed as the viable counts of host bact.eria avvailable for
infection increased up to a/point after which, the number of viable organisms in the
lawn did not appreciably increase the titer of the lysate (apparent saturation). This trend

‘was most apparent-when.low titers of bacteriophage were used to infect the lawns. In
. . - i

.. ! Y . ) v .
addition, in four of the five test cases, the titer of the bacteriophage lysate decreased

\ slightly when exbc(:gs‘s“ bacterta were added: The data also showed that higher
bacteriophage lysate tters were produced when a low titer*of »bacteriOphagc was used to
. .infect the host ~bat:ten'a. Ulgn extra_polatio_frlr of the graph (Figure 2), the data suggested
that titers of 103 PFU/mJ or.‘les‘s may produee even greater -yields of bacteriophage. In
previous expenments with the soft -agar overlays it. was found that b{cterlophdgc
lysates with a titer of approximately 103 PFU/ml d1d not produce lawns thh 9() to~‘)5%

. 1y51s and for this reason were excluded from the experiment (see section 3.3. 7) A plot

of 1ncrea§1ng titer of infecting bactenophage in a standard’ bactenal 1noculum dz,amst _

- tltCI‘ of” th,e bactenophage lysate produced showed that mcreased tltcr of mfeetmg
R bactenophage decreased Lhe resulting tltCI of the lysate (Fi %
3.2. 4SUI\§FMARY ‘ Therefore in-general, 'f’o produce bacteriophage L1 lysates of
hlgh titer, a low mulnphclty of infection-should be used. The optimal multlplleuy of
mfectlon was 0.0009. To lmprove t‘le mctnod listed in section 2. 8 1, it would be
advisable to inoculate a bacterial suspensmn w1th an optical dcnsxty of~0 3 at 540 nm
Jwith a bacteriophage lysate with a titer of ~ 104 PFU / ml. Further expenmentanon is
necessary to test this hypothe51s. Conditions for the production of bacterigphage L1

‘ v . L)
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l‘l},,lll e . Ducnmnduﬁof the Opum 1l Muluplxcuy of Infccuon for the Soft- Agar
Overlay Mcthod of. Baumophdgc L1 Propdgauon Fffcct of Using Various Bacfcnal
Suspensions for Infection with Incrcasmg Tnexs of Infcctmg Bactenorphagc Ll and the
Titer of the Resulting Lysatcs Iiach point on the graph represents the utcr ofa
baucnophago L1 lysate producud from infecting six bactcnal suspcnsxons of B.
paraper{usszs 17903 (3 7 x108,5.6 x 108, 1.0 x 10%, 1.1 x 109, 2.1 x 109 and 2.7 x 109
| CIFU/ml) with five different titers of b'actcnophagc L1 (105, 108, 107, 108, 109 PFU/m)).
The sfj_ndard protocol f(;r'thc soft-agar overlay method of bacteriopha‘gc L1 propagation
wz;s followed. The Il'hcs connecting 'the points reveal that the titér of bacteriophage L.1
‘lys‘m,s reached zn opumal lcvd when the bacierial inoculum was between 1 x 109 and 2 x
109 CFU/m, regardless of the titer of the 1nfect1ng bactenophagc In addmon the hlghcst
titer bacteriophage L1 lysate was ach ieved using an infecting titer of bacteriophage L1 of
10° PFU/ml (50 fll),and a bacteria) inocuium of 1 x 10% to .2 x 109 CFU/ml (400ul)

indicating the optimal multiplicity of ix?chrio‘n in this experiment was 0.0009.

) L]
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l<‘igﬁrc 3. Determination of ghe Optimal Multiplﬁicity of Infecton for the Soft-Agar Method ,
()f‘l;zlcleri-opthiigc 1.1 Propagation : Effect of Increasing Titer of Bacten'ophage L1 used to
Infect Variou-s Bdclcrial Suspensions and the Resulting Titers of the Bacteridphage L1
l.ysates. Each point on fhc graph represents the tter of a bacteriopha;ge L1 lysate produced‘ -
from infecting six bacterial sus‘pensions of B. parapertussis 17903 (3.7 x 108, 5.6 x 108, |

_ 1.0vx'109, l.i‘_x 109,2.1 x 109 and 2.7 x 10? CFU/ml) with five different titers ef |
bactcri‘oph‘agc L1 (105, 106, 107, 108, 10% PFU/ml). The standard protecol for the soft-
agar chrli;y method of bacteﬁopﬂage L1 propagation was follwed. The lines connecting
the points fevealed that infection of the bacterial suspen;ions with increasing tters of

~ bacteriophage L1 produced bactcriophage L1 lysates of decreasing titers, regardless of the

" bacterial suspension bein g infected. The highest titer of bacten'ophage L1 in the lysates
was obldmcd using a bacterial moculum of between 1x10%and?2 x 109 CFU/ml (400u1)

., mfeeted with bwtenophagg L1 with a titer of 105 PFU/ml (50ul) , mdlcatmg that the

opumal muluphuty of infection for thxs experiment, was 0'0009

L
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lysates of op‘timal titer include alidwing the bacteriopha_gé anghost bécten'él cells to pre-
incubate at 4°C for 20 minutes prior.to adding the rx:bitcﬁ’ soft-agar, incuﬁating the'soft- '
agar.platcs for ~ 24 hou%s and then flooding each soft-agar éverlay with 30 ml.of -
Ladea diluent. The optimal titers are acheived when  the _Lafnbda diluent-

bacteriophage lysate is removed without the soft-agar.

3.3 Broth Method of Bacteriophage Propaga.‘tion :
In order. to characterize the bacteriophage L1, sufficient quantities of

bacteriophage had to be produced. The broth method of bacteriophage L1 propagation

was more suited to mass production than was the soft-agar method. The broth method ~

proved.to be less time-consuming, manipulations easier to make, and fhe titers of thg/ y
resulting bactcﬁophagc lysates were higﬁer and more consistent than those produced by
the soft-agar method. The bacteriophage L1 was mass produced by the broth culture

a2

method to titers of 1 to 61010 PFU/ml.

3.3.1 Parameters Inﬂm the: T'ivtergof Bacteriophage L1 Lysa'_te~ in.

Blro.th Culture. ‘f?f' I . , A o

T e The parameté%s ihflucnc’mg the final titers of the bacteriop 1+ ysates produced

.
A

. f’rom the mfcctmn ofy the’ bactenal host cells B. parapertusszs 17903 with bacterlophage ‘

L1-were tested. The‘?‘"' ults are hsted in sections 3.3.1.1 to 3.3.1.6.

3.3.1.1 Production of Log-Pha“‘se Culture of Host Ceils.'

A method of predlctably obtammg the loganthrmc phase of a broth culture .

'parapertusszs 17903 to provide viable host cells for mfectJon wnh the bactenophage Ll‘

n was ncccssary “In order to—produce bactenophage lysates of hlgh titer in broth culture,

~ the bactenal host should be infected durmg the logarithmic phasc of its growth (Adams .

T et

/

o
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1959). A simple method used to obtain logarithmic-{éhase cultures of E. coli is to

inocula;e a small volume (10 to 30 ml) of b?oth with a loopful of E. coli from an agar

. 578

. plate 1ncubate overmght to stationary phase, and 1noculate a 100 fold volume of fresh

broth w1th a sample from the overnight culture A mid- logamhmlc phase culture in«

most cases is avaJlable in 2 to 3 hours (Maniatis etal. 1982). Bordetellaparqperlus.\*zs

. 17.903, can be conveniently grown on BGA plates and can remain,viable in the

-humidified incubator at 37°C for at least 1 month. llowever. when a.loopful of the |

baCteﬁal growth approximately 3 days old was inoculated into several flasks w-ilh small
volumes (20 ml) of TSB and mcubated at 37°C with shakmg, the ﬂusks reached
.statlonary phase at different times rangmg from 20 to 30 hours (Figure. 4). Equully
important is the dramatic drap in the number to\f yrable organisms once statxonury phase
h‘ad been reaeh'ed (see section 3.3_.1.2). Variation vin\ the‘growth curves indicated a need

for a standard sizedlinoculum of B. parapertussis 17903 so that the host cells could'bc

’ L}

harves(ed at the desired phase of growth as. measured by optical denslty and aftcr ac :

standard penod of incubation.
| v |
3.3.1.2 Correlatmg Optlcal Dens:ty of the Culture wnth Vlable Counts

4

Usmg a‘standardxzed 1noculum of 1 ml, of B parapertusszs 17903 suspensxon

(see. sectlon 3. 3 1.1), a nephelometry flask w1th 100 ml of TSB was 1noculuted and
mcubated under standard condmons (see section 2. 8 2) At time mtcrvals thc oputal
\densny of the cultures was read at 540 nm and the v1able counts dctermmed by takmg

.1.0 ml samples and senally diluting in TSB. The dlluuons were plated on TSA/Z)r

i .

BGA plates. The maximum number of viable cells per mrlllllter of culturc was- reayhé\

after 24 to 25 hours incubation at an optical densxty at 540 nm of 0.30 to 0.35. I This
'k corresponded to the log’ari[hmie ph.ase"of the c’ultur_e (Figure‘_ 5). Al{hough' the optical.

~

. »



Figinrc.4. Growth Curve of B.paraperiyssis 17903 in TSB without a Standardized
Inoculum. Cultures of B. paiapertussi?%B in TSB, when'inocula_ted with a loopful of
bactenal growth from a thrc::v day pld /B A plate _show'e,ci that the mi'd—lo‘gan’thrﬁic phaSe of
growth occured at times ra}lging fr ‘r/n‘20-30 hours. . The grap.h depicts the growth curves
of tl)fcc replicate bactcrialvcultqrcx];roduccd by plotting the optical density-at 540 nm of the

" “cultures over time.

ne
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- Figure 5. Growth Curve of B. parapertussis 17903 in TSB with a Standardized

‘Inoculum. 'l_‘}icfgrowth curve of B. parapcrtussi;v 17903 produced whcrx 100 ml of TSB .
; ‘:xs”inoculalcd with a standardized bacterial inoculum (1 ml of a"bacterial sus-pcnsion with
- an opncal density at 540 nm of 0.2» The figure shows a typxcal time course ofB

paraputusszs 17903 culturcs when inoculated w1th this standardlzed moculum corrclanng i

OpUCdl dcnsny of the culturc with number of vwble bactenal cells- produccd over time. Thc o

mid-log gandmuc phasc of bactcnal growth was feached after 24 to 25 hours of 1ncubat10n

wnh shakmg at 37°C A sharp decrcaqc in thc v1able counts occurs at statlonary phase.

t
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density of the cultures continued to increase to.0.6, the viable counts of organismé
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plummeted in a relatively short time after the maximal, viable counts had been reached. .

\ § .
Because ?Jf the short stationary phase, the host bact’eriitl cells were harvested when the

culture was closer to 0.3 than 0.35 wheneve'rv'possible.i .

%
%

Y

o

'3.3.1.3 Ads'orption‘of Bacteriophage L1 at \?‘a{ious Multiplicities of _

Infection and Temperatures ™

A

Previous work with propagatlon of the bactenophage Lll‘on the host cells B

parapertusszs 17903 using the soft agarwmethod had 1nd1cated titat the titers of the

resulting lysates were hlgher when the bactenophage Ll was pré-meubated with the

bactenal hosts in the cold room (~ 4°C) rather than at room témperature or 37°C.
!

-Hypothetically, the hlgher lysate titers could have resulted from a more efﬁ01ent

adsorptton.of the bactenophage L1 to the host cells, or possibly that less degradation of

the infecting bacteriophage L1 occurred at 4°C as compared to 37°C (assuming

degradation was occuningj -

Sy

-The followmg expenment wa\s desxgned to determme if the bactenophage L1 :

" would adsorb more efﬁmently to the host cells at 4°C or at 37°C A suspensmn of B.

“ parapertuss:s 17903 was prepared by scrapmg the bactenal growth from 36 hour BGA

plates reSUspendtng itin 40 ml TSB and adjusting the suspen51on to an optlcal density

of ~0. Jat540 nm. A 5.0 ml volume of the adjusted bactenal suspenston was added o

‘. 6 sterile screw- capped tubes The adJusted bactenal suspen51on was dlluted l1in 10"

addtng 0.5 ml ahquots of the adJusted bactenal suspensxons to 6 more stenle scres

capped tubes contammg 4.5 ml of TSB. The twelve tubes were then d1v1ded INto two |

, sets of SiX, each contammg three tubes of the adjusted bactenal suspenswn and three

tubes of the drluted adjusted bactenal suspensxons One set of 6 tubes was placed ina



37°C waterbath and .the other set of 6 tubes were placed in the cold roorrl at ~4°C and
allowed to equilibrate for 10 minutes. The bacteriopﬁuge lvsate used was a filter
sterilized lysate with an initial titer of ~109 PFU/ml. Two further suspensions of the
bacteriophage L1 lysate were made, the first by addmg O 2 ml of the bacteriophage L1

lysate to 20 ml of TSB (1 1()0) and the second a 1 100()0 dilution was m uk hy

adding 0.2 ml of the 1: 100 dlluted L1 bactenophage suspension to 20 ml of TSB. The

bactenophage L1 suspensions were transferred into twelve screw- capped tubes in 5.0
ml ahquots. ne rwclve screw-capped tubes containing bacteru)phage L1 were divided

mto two sets of six tubes. Each set contained two tubes of the bactenophage Li Fysate

84

undﬂuted ata l: 100 dllutlon and ata I: 10000 dilution. One set of the bactenophdg,e |

—suspensmns was plac;d at 4°C and the other at 37°C at the same time as the bacterial

. suspensxons to allow the temperatures of the two types of suspensions to equilibrate.

The bactenophage dilutions were made prior to the bacterlal dllutlons as the

' bacterlophage are stable when stored at 4°C in TSB whereas the B. parapertussis -

<y

17903 being living orgamsms are more lrkely to be affected by the delays durmg

preparation of the bacterrophage L1 dilutions. After the equrhbratlon time, 5.0 ml of

the various bacteriophage suspensions were mixed with 5 ml of the bacterial

suspensions in the following design :
Tube #1: adjusted baeteriél suspension (~4 x 109 CFU/ml)+ undiluted
bacteriophage lysate (109 PFU/rnl) _
Tube #2: adjusted bacterial suspension (~4 x 109 CFU/mi)+ 1:100 dilution of
. bacteriophage lysate(lA()7 PFLJ/ml)
Tube #3: adjusted bactenal suspensiQn ﬁ 109 CFU/ml) +1: l()()()() dilution
x bacterlophage lysate (105 PFU/rnl)
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Tube #4: diluted bacterial suspension (~4 x 108 CFU/ml) +ﬂundilﬁted '
bacteriophage lysate (109 PFU/ml) |
Tube #5:-diluted bactérial suspe}nsion (~4 x 103 PFU/m1)+ 1:100 diluiion of
' bacteriophage lysate _(107 PFU/ml) | *
Tube #6: diluted baéterié.l susperisioﬁ (~4 x 108 PFU/ml)+ 1:10000 dilution of
bacteriophage lysate (109 PFU/ml)
One set of tubes was at '37#°C and the other at 4°C. A 200 pl saciple « the mixed
- solutions was taken at the time of mixing (t=0) and placed in an Eppeﬁdorf tube. Thé
Eppendorf tubes were ccnm’fugéd at 12000 x g for 5 minutes to péllct the bacteria, 100
pul of the supernatant was removed, 'serially diiuted- in TSB and tﬁe'titer. of the
bacteriophage deterfpined by spotting 10 ul portions of the diluted samples on indicator
plates (see s.éctior] 2.5). Samples were taken at t = 15, 30, 45, and 60 min.cs. The 10
ml bactcri_a—bactcriophagé mixture was used to minimize the effect of reducing total
vdlume of the test bacteriopﬁageva;l_d host bacterial c;,lls as a result of samplir,
Certain trends are apparen.t from the graphs of the ti'ter of bacteriophage.L1 in
thé supernatant over time at eit}}cf'4°C and 37°C (Figure 6)A. The best adsorption df
bacteriopihage L1 to,the ho'st cells B. parapermssis 17903 was at 4°C. The
bacten’bbhagé L1 appeared to adsorb very quickly at 4°C as compareéi to 37°C. At t=0,
there was a 100 fold lower titer of b_‘acteriophage L1 in the supcmatant as compared to
the tubes at 37°C. Evc’n. after 60> minutes at 37°C, the bacteriophage titers of the
supernatant »;'crc still at a 10 fold higher value than those at t =0 at 4°C. The-decrease
in titers of the bacteric .ge at 37°C was not due to deterioration of the bacteriophage
as a tube with bacteric ~¥ge L1 lysate incubated in the 37°C waterbath for the same

time the test bac:eriophage L1 suspensions did not shew a decrease in titer over the

duration of the experiment. It is also apparcnt that after 30 minutes of incubation at



Figu re 6. Adsorption of Bacteriophage L1to B. parapertussis 17903 cells at 4°C l;“i_ml _ '
37°C. Three {itens of bacteriophage L1 (109, 107, 10° PEU/ml)were used to infect l’a}\"("
different concentrations of B. pertussis 17‘903 (~4 x 10 and 4 x 1()3 CEU/m)) at two
tempcra‘-turcs (4°C and 37°C). Samples of the mixtures were ccnlriﬁgcd to remove the
bacterial cells with the adsorbed bacterial cells and the supemant zisszxycd by the plaque

assay to determinethe titer'of unbound bacteriophage L1 remaining in the supematant.
Adsorption_éf bacteriophage L1 to the bacterial cells over a one hour observation pc;icxl

was detcr:rlincd from the titer of bacteriophage in the supemants. Figure 6a shows t'hc.
adsoption of bac.tcn'ophagc L1 (105 PFU/ml) to bacterial cells (bacterial concentration == ~4

x 109 and 4 x 108 CFU/ml) at 4°C and 37°C. Figure 6b shows adsorption of

bacteriophase L1 (107 PFU/rrﬁ) to bacterial cells (bacterial concentration = ~4 x 109 and 4 x
108 CFU/ml) at 4°C and 37°C. Figure 6¢ shows adsorption. of bactcriophagc L1 (109
PFU/ml) to bacteﬁal cells (bacterial concentration = ~4 x 10? and 4 x 108 CFU/ml) at 4°C

and 37°C. In all cases, bacteriophage L1 adsorbed to the bz;clcrizil cells more efficiently at
4°C than at 37°C. : : g :

4
#
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4°C, nOt many more bacteriophage adsorbed to the bacteriai cell . Inall cases, mixture
with the greater amount of bactenal cells produccd a lower ....rof ')‘;Ltenophagt in Lhc
supematant which would be cxpected con51dcnng Lhat there would be a grcdtcr numb<.r

of bactenophage receptors prescnt but mterestmgly, not the 10-fold d:ffcrencc asone

might expect from the difference in bacterial concentrations. It appcarcd th.n thc

-

" bacteria could be suitably infected with the bacteria in suspension. Two twenty =~

temperature had an effect on adsorption of the bacteriophage L1 to the bacterial cells
/

and that the 20 to 30 minute 'pre-incubation of the bacteriophage L1 with the host

baCterxaI cells was sufﬁcxem ume for adsorpuon

The successful protocol for propagation of broth CLi][UI‘CS of bauenophdgc Ll
was baseh oﬁ the protocol for the propagatlon of bacteriophage A whu_h called for thc .
mfecnon of pelleted bactenal cells to ald in adsorpuon of bactenophagc A to the host

ceuis (Maniatis et al. 198{2) An expenmcnt was conducted to detcrmmc if B

garapertusszs 17903 cells had to be pelleted to be optimally infetted infected or if the -

milliliter aliquots of‘log phase B. parapertussis 17903 were ’taken.l One aliquot was

- centrifuged for 10 minutes at 8 000 x g,.wt'he superriatant decanted and the pelleted-

bacterial ceus suspcnded in 1 ml of‘bacten'ophag’e L1 lysate and allowed to pré-incUsztc"
at 4°C for 20 minutes. é’fhe other aliquot was placed at 4°C while the first aliquot was -
being pelleted to equ1hbrate the tcmperature of both allquots 1n preparduon for
bacteriophage L1 adsorpuon The unpcllcted bacterial suspcnsmn was 1nfcctcd with

ml of the same bacteriophage lysate that was used to 1nfcct the pellcted bacteria. The

-bacteriophage and bacteria in both aliquots were allowed to pre-incubate for 20) minutes

at 4°C, then transferred to two different 2-L Erl¢nrhéyer flasks each containing 500 ml
, . o | ,

of TSB and incubated as per the protocol for the broth culture method (see section

2.8.2). The resulting titers of the two lysates showed the pelleted bacteria produced a

.
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titer of 2 x 1010 PFU/mI whxle the unpelleted ‘bacteria produced a titer of 3 x 107, -

.PFU/ml (Data not shown). The most efﬁc1em means of mfectmg the gost cells,
therefore, was by first pelleting them.
3.3.14 Determination of the Optimal Multiplicity of Infection: »_
. The host cells, B. pc Jper.russ.’s‘ 17903 were prepared as described in the broth
method forfpactevfiephage L] pmpagatidn ‘(s.ee section 2.8.2). An experiment was
conducted"‘to determme if a low multlpllcuy of mfectxon was optimal for the broth
method. Various titers of bacteriophage were used to 1nfect the pelleted host cells Wlt.h
the volume of bacter_jophage lysate kept constant at 14nl. The host cells were harvested
from the logéﬁdﬁnﬁg phase of the broth culture of B. parapertussis 17903 which

correlated with the highest viable count (ODssg ~0.3). Twenty milliliter portions of the

culture were used because of the volume of available Corex tubes and the convenience .

of using them. - The tters of the resulting bacteriophage lysates were determined by the
pladue. assay method (see section 2.5) (Figureo7). The ;ptimai multiplicity of infection
for'the ‘broth method of pfopagation wavs found to be 0.002-0.005. Aithough an end
point with the absolute optimal multiplicity of infection was not obtained;' the optimal
muldplicity of infeedon for gus system was attained. The maximum number of cells to
- be pelleted in the 20 ml Cére.x tubes were defined by the maximdm Qiable cells in mid-

iogarithmic phase and the maximum volume of breth _culture that could be added to the

Corex tubes. Any further increase in pelleted cells would require use of large.rv

centrifuge vessels The decrease of titer added to the pelleted.cells. tck05 PFU/ml had

resulted in resultant bactenophage lysates of. approx1mate1y 10° PFU/ml. in other
experiments. The volume of TSB that the cells were being added to was only 500 ml in

a 2-liter Erlenmeyer to ensure adequate aeration conditions on the shaker incubator. In



Figure 7. Optimal Muitiplicity of Inféction for the Broth Method of Bacteriophage 1.1
Propagation. To déterminc th; optimal multiplicity of infection for the broth method of
bacteriophage L1 p;opagation, the standard bacterial in}ocu‘ilum (20 ml of mid-l(%garilhmic
phase B. parapertussis 17903) was pelleted by centrifugation and the drained pellet
infeq;cd with 1.0 ml of a bacteriophage L1 lysate. Three replicate bacterial pclléts were
incubatéd at 45C with bacteriophage L1 lysate for 20 to 30 minutes. ‘Tgers of 1019
PFU/ml, 109 PFU/ml and 108 PFU/ml were tested. After adsorptibn; the suspension’ was )
added to 560 ml of TSB and incubation at 37°C for 24 hours. The rcsulﬁng_ tterof
bziétcriophagc L1 lysates revealéd that for the broth mcth'od of propagatio.nt lh; optimal
multiplicity of inf@cﬁén approaches 0.002-0.005. | | |
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\’\mtervals al: ml sample of the mfected bactenal cultures was removed the bduerm

?
the future, further studies may show that a different multiplicity of infection is more

suifable if the conditions of growth of the bacteriophage L1 are changed. Such effects

- are well-documented in the literature (Adams 1954). For the nrethod described for the

broth culture propagatlon of bactenophage L1, the best multlphcny of infection was

fourfd to range from 0.002-0.005. Thrs protocol prov1ded sufﬂclem titers of

_ bactenophage for the studies of bactenophage L1 DNA, therefore further i lnve\llgdlmn

of multiplicity of infection was not pursued.

<

-3.3.1.5 Determination of Optimal Incubation Time:

A time course expenment was done in order to determine when the maximum

tlter of bacteriophage was present and if leaving the culture too long at 37°C would"
. affect the titer of the’lysate. ~Three replicate mld—logarrthmrc trypticase soy broth

' 'cultures of B. parapertussis 17903 were infected as described in the broth method of

bactenophage propagauon using the opumal multrphcxty of infection. At various time

pelleted by centrlfugmg in a benchtop centrifuge at 12 000 x g, a 100 pl sample of the
supernatants seﬁally diluted in TSB ar;d the bactenophage titer determmed by the
plaque assay (see sectlon 2.5). The optimal time for the harvest of the bactenophage
lysate appeared to be 27 to 29 hours post-mfectlon (Flgure 8). There was a loss i in titer

in the lysate observed after 32 hours‘

'

. 3.3.1.6. SUMMARY: Conditions for the production of optimal titers of
' bacteriophage L1 by the broth method are as follows: infection.of a mid-logarithmic

culture of B. parapertussis- 17903 (~ 2 x 1010 QFU/mI) » pelleted by centrifu gatiOnv.and

resusper?ded in bacteriophage L1 .1ysate ata rnultiplici{y of infection of 0.002-0.005

Q2

E

bacteriophage per bacterium. The bacterioph'age LT were allowed to adsorb to the host .

-
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I"vigurc'S. The Optimal ﬂ‘in1c for Harvest of I;actcﬁophage Llw Lysates. Three replicate B.
' pkzrapertmsis 17903 pcllé}s were infcctqd with bacteriophage L1 lysates with a titer of 108

PEU/mI (see scctioﬁ 2.8.2). The optimal time for bacteriophage L1 lysatés to be harvested
.wus determined ‘by sampling the bacteriophage L1 iysates at various times during 35 hours

- of incubation at 37°C. The titer of bacteriophage L1 in the lysates reached'a maximum titer

at 24 10 26 hours post-infection and started to decline after 30 hours of incubation.

—
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- bacterial cells for 20 to 30 minutes at 4°C, then inSubated with shaking at 37°C ;a.nd the
bacteriophage L1 lysate harvested after 24 to 26 hours. The temperature of the
bacteriophage and hast cells-appeared to affect the adé_orption of the bacteriophage to
the bacterial hosts.

C

3.4 Morphology of Bacteriopﬁage L1:

All electron microscopy was cbnductcd on the concentrated bacteriophage L1
lysétes. The elelctr‘on‘ micrographs of the bacteriophage L1 revealed that the
bacteriophage had an icosahedral head with a cbllar, ‘a contractile4ail, and a tail plate
assembly with f9ur projections which became visible on contraction of the
bacteridphag t_a:il (Plate 1). The dimensions of the bacteriophage were as follows :
head, 56 nm.; in diameter; tail, 77 x 15 nm in the uncontracted form and 25 x /16 nm iq
‘the contracted form. Based on these morphological features, the bacteriophage L1
belonged in the Bradley group Al and appeared to belong to t‘h'e LC.T.V. family of

. Myoviridae. . T

3.5 Testing for Bacteriophage 1.1 Plaque Productjon on strains of B.
pertussis . | |
3.5.1 Growth Curves of B. pertussis Strains and Efficiency of Plating
of BGA, SSA and CSM. :

fInitial host rangé sﬁowed that the bacteriophage L1 did not form plaques on B.
PErtussis straiﬁs, however, the underlying agar used was BGA, an opaque agar with
" the inherent difficulty of detecting plaque formation. In addition, little attention was
- paid tQ‘details concemning the temperature of adsorption or growth.phase of the bacterial

host. The following experiment was done to dctermine‘ which clear agar, SSA .or
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Plate 1: Electronmicrographs of bacteriophage L1 as determined by negative staining with
ammonium molybdate. The bacteriophage L1 is shown in both its contracted and non-

contracted forms, and appears to be bound to fragments of B. parapertussis 17903 outer

membranes.
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Figuré 9. The G_rpwth_ Curve for B. ;ertussis BB103 in SSB. A standardized l_;:\clch:ll
., indculum of 1.0 ml of bacteﬁal suspension adjustcd to an optical density at 540 nm of 0.2
was used to inoculate 100 ml of SSB. The 1no<,ulated SSB was incubated wuh shaking at
37°C The optlcal densny of thc culturc was dctcrmmpd at 540 nmyand samplcs of th
culture taken at various tuncs to detcrrmne thc numbcrs of v1ab1e orgamsms " Viable counts |
‘were conducted on BGA plates. The mld logmhrmc phase of growth was reached after
approximately 40 hours of incubation. Similar growth curves were generated for . ]
pertussis strains Sak+ 3779-, 3779+, and 18323. The é,l‘lort:st_ationm"y phusé was
apparent in the growth curves of B. pertussis strairis as it was in the B. pclzraportus'vis
strains. Note Lhat B. pertussis took 40 hours to rcach mid-log phase whereas B,

¥

parapertusszs took 20 hours to reach rmd log.phase (Figure 5).
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CSM, could most efficiently support the growth of the B. pertussis strains. Growth
curves of the B. pertussis strains were done in order to determine which opncal density

correlated with the maximum viable bacteria and to see if the stationary phdsc was as

100

short and the death phase as dramatic as found with B. parapertussis cultures (see

Figure 5). A growth curve similar to the one done for B. parapertusst\ 17903 wu.,

constructed for strain BB103 of B. pertusszs (Figure 9) The protocol for growing the

strains of B. pertussis was the same as that for B. parapertussis 17903 except that B.
pertussis was groWn in SSB. The optical density at 540 nm of the SSB cultures of B .
pertussis were monitored over time and 100 pl samples were taken scrmlly diluted in
900 ul of SSB and 50 pl samples of the serial dilutions plated on BGA, SSA, and
CSM agars. The colony counts on the clear media (CSM and SSA) were compared to
those obtained on BGA plates, BGA being a standard medium used to support the
maximal growth of a wide range of B. pertussis st£ains. The equation uS‘cd to
defermine the efficiency of plating was as follows: :

CEU/ml on test medium_ x 100 = % efficiency of plating.
CFU/ml on BGA

BGA best supported the best growth of most 5. pertussis strains, however, either SSA
or CSM supported the bacterial growth to approkimately 80 to 90% efficiency (Table
4). Also, the colonies grew slightly larger on the BGA plates as ¢ »npared to the CSM
and SSA plates. Therefore, either CSM or SSA could be used for the support agar in

the soft-agar overlays.

3.5.2 Plaque Formation on Strains of B. pertussis .
Log phase cultures of B. pertussis were infected with bacteriophage L1. An
SSB culture of B. pertussis was incubated at 37°C in a shdker incubator until the

absorbance of the culture at 540 nm was ~ 0.3. Aliquots of the culture (0.40 ml) were

.

-
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Table 4: Pércent Efficiency of Plating for strains of B. pertussis and B. parapertussis
as determiiied for Bordet-Gengou agar (BGA), cyclodextrin-solid medium (CSM) and

Stainer-Scholte agar (SSA). » !

) Media :
Bacterial strain BGA CSM SSA
B. pertussis 3779 + 100 106 98
B. pertussis 3779 - 100 87 o092
B. pertussis BB103 100 83 i . ¢
B. pertussis 18323 | 100 88 84

' i
' B. pertussis 2753 - 100 92 i 87

~

B. parapertussis 17903 100 _ 93 ' 95



dispensed into Eppendorf tubes, centrifuged in a benchtop Eppendort centrifuge at 12
000 x g for 5 minutes to pellet the bact¢ria, and the supemamnt decanted. The pelleted
cells were suspended in bacteriophage L1 lysate of known titcr: ‘The infected cellswere
allowed to incubate at 4°C for 20eminutes and plated by the soft-agar mcthoc; using
CSM and SSA plates for the bottom agar and the PBS-sloppy agar for the soft-agar
overlay. The soft-agar plates were incubated at 37°C in a huntidified incubator for |
week and -the plates were observed for pléques every 24 hours starting from the the
time of infection.

Aé an alternative means of infecting B. hertussvis,_soft-agar overlays of B,
pertussis were prepared as indicator plates. The media ﬁsed was CSM and SSB. The
bacteriophage L1 was spotted onto the overlays prior to incubation at 37°C and after 24
hours of-incubation at 3'7°C. Adsorption of the bacteriophage in both cases occurred at
room temperature. The plates were observed for plaque formation at 24 hour intervals
for 1 week. Using these same techniques that 'produced plaquing on B. paraperiussis,
the bacteriophage L1 did not produce any plaque§ on any of the B. pertussis strains
tested. ‘The strains of B. pértussis (BB103, 18323, 3779+, 3779-, 2753, SA}L\’+,
SAK-) tested wére chosen because of their phenotypic similarity to B. parapertussis
strains. The positivebcontrol used was B. parapertz&ssis 17963 carried through the same
procedures as the B. pertussis strains. Uninfected cultures of B. pertussis and B.

parag<tussis 17903 served as negative controls to ensure the viability of the bacteria.

3.6 Concentration of Bacteriophage L1 Lysates:
In order to see visible bands on the cesium chloride gradients, the crude

bacteriophage lysates had to be concentrated. The efficiency of the concentration

102

~



T

N

procedure (sci section 2.9 ) was measured by infectivity of the bacteriophage lysate or
the numt;er of plaque forming units per milliliter of bacteriophage suspension (see
Table 5). This is an appropriate measure since only infective anaapresumably intact
bacterigphage were expected to form the lower band in the cesium chloride gradients
(Figure 10).. Best results for the »i)acteriophage L1 purification on the cesium chloride
gr.adiems were obtained if the polyethylene precipitated ,bacteriophaée concentrates
(pelleted bacteriophage particles resuspended in TSB) were applied to the cesium
chloride gradients as soon as possible after they were precipitated. Even storage at 4°C
for 8 hours or overnig}'n reduced the infectivity of the bacteriophage suspension by
45% (Data not shown). Also on visual inspection of the cesium chloride gradients, the
width of tl?e lower band containing [hi intact bacter‘iop'hage was decreased and the
upper band \_&as increased if there was a substantial delay in adding the concentrated

" bacteriophage to the gradients.

3.7 Sensitivity of Bacteriophage L1 to Environment : The effect of the

NaCl, CsCl, CHCl3, and heat on the infectivity of the bacteriophage L1 over time were

monitored :
‘ 4

'3.7.1. 1 M NaCl : The titer of the bacteriophage lysates in broth diminished by

approximately 100-fold in the first 24 hours even if it was stored at 4°C. The lysates
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were not monitored after the 24 hour time period for possible further decline in the _

bacteriophage titers. This observation was important because the bacteriophage L1 was .

concentrated by polyethylene glycot and 1 M NaCl precipitétion.

3.7.2. 1M CsCl:- The titer of the bacteriophage L1 lysates remained stable in 1 M

CsCl for 1:week (period of observation). Generally, the purified bacteriophage lysates.

v



Figure 10. Purification of Bacteriophage L1, T4, and A on Cesium Chloride Step
Gradients. Bacteriophage L1, T4, and A were ccntdfqgcd on cesium chloride step .
gradients. The gradients were fractioned into approximately 10 drop fractions.” A one
hqndred microlitcr‘samplc of each fraction was then diluted 1 in 10 with Lambda diluent
and the abgorbancc of the diluted fraction determined at 260 nm wavelength. The figure
reveals the fractions of e stcp gradient which usually contain the bacteriophage: There are
usually two peaks in each gradient, with the pczik closer to the bottom of the gradient
presumably being intact bacteriophage particle and the upper peak being incomplete
bacteriophage particles. For characterization of the bacteriophage L1, only the lower

banding bacteriophage particles were used:

Ll
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Table 5 : Efficiency of Concentration of Bacteriophage L1 "The efficiency '

of concentration of the bacteriophage L1 on cesium chloride step gradients was

determined by measuring fhe titer of the bacteriophage L1 and the volume of the

bacteriophage L1 suspension when removed from the gi‘adient.

Titer (PFU/ml) ~ Volume (ml) Total PFU % Recovery

Lysate 1 1.4 x 1010 120 1.7 x 1012, 100
Lysate 2 1.0 x 1010 120 1.2 x 1012 100
PEGppt1  9.0x 1010 3 2.7 x 1011 16

" PEGppt2  9.1x 1010 3 2.73 x 1011 23
Lysate 3 7.3 x 109 120 8.76 x 1011 100
PEGppt 3

o

with NaCl 8.9 x 1010 3 2.6 x 1011 30
PEGppt 3
without NaCl 1.3 x 1011 3 3.9 x 1011 45

Abbreviations : Lysate = crude bacteriophage lysate harvested from ther broth method

of propagation (section 2.8.2), PEGppt = polyethylene glycol ﬁprecipimtcd

bacteriophage suspended in TSB (section 2.9), with NaCl

polyethylene glycol precipitated with NaCl, without NaCl

polyethylene glycol precipitated without the addition of NaCl.

-~

bagteriophage L1

bactériophage L1



were dialysed against a 0.1M Tris-HCI buffer (pH 7.5) immediately following removal

,of the bacteriophage from the cesium chloride gradients.

3.7.3. Chloroform : The titer of the bacteriophage L1 was unaffected by either the
1 to 2 drops of chloroform added to the 50 to 200 ml samples of bacteriophage lysate or
by the volume-for-volume extraction (see section 2.17) of the polyethylene glycol from

precipitated bacteriophage lysates.

3.7.4 Temperature: When bacteriophage lysates were left at roém temperature in

TSB, the titer of the -bacteriophage decreased approximately 10 fold in a 24 hour

period. C .

3.8 Purification of Bacteriophage L1 on Cesium Chloride Gradients :

The bacteriophage L1 formeg z})band at a refractive index of ~ 1.38 which
corresponded to a density of approxirrié:ely 1.49 g/ml. The cesium chloride gradients
were fractionated by removing the gradient with a peristalsic pump, each fraction was

“diluted 1 in 10 1fn Lambda diluent and the absorbances iead at ‘A260 and Aégo. Two
peaks were observed. The top peak had a refractive index of 1.3580-and the bottom
band of presumably intact bacteriophage at a refractive index of 1.38 (Figure 10).

" During the puriﬁcation of the bacteriophagc}l, the bottom band 7f intact bacteriophage

particles waé removed from the cesium chloride gradients (Maniatis etal. 1982). For

consistancy in the characterization of the bacteriophage L1, the lower band from the

cesium chloride gradient was also routinely used.
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3.9 Protein Pattern
The bacteriophage L1 was radiolabelled to label the surface proteins and the
bacteriophage was TCA precipitated to remove the bacteriophage. particles from the
unincorporated 125I. The result was an acidic pellet (see section 2.13). Unlabclicd
bacteriophage L1 (Asg0 = 6.0, 100 1l ) was added to the acidic pelleted bactcﬁophage
L1 and the pellet was neutalizediwith \;cryq,small amounts of 10 N NaOH. The same
procedure was used for the sar;aples of bacteriophage A and T4. Bromobhenol bluc; in
the Laemmli digestion mi)g was used to determine when the solution was no longer
acidic as it changed from yellow to blue. All samples were loaded onto the gels within
15 minutes of adding the bjase to further minimize the pH effects. The major protein$
of the bacteriophage L1, as viewed by Coomassie brilliant blue staining and
autoradiography had a;;proximate molecular weighté of ~'3L5 KD, 33 KD, 18.5 KD and
17 KD. An extremely faintly staining band witﬁ an appr':)ximatc molecular \;/eight of
30 KD was observed in some of the Coomassie stained'bacteriophage_ preparations (see
Plate 2a). The major proteins found in the bacteriophage A prcbaration had
approximate molecular weights of 55 KD’, 47 KD, 42 KD, and 13 KD These
compared favorably to the p'ublished' mc;lecular weights of thé major external head
protems which are 56.0 KD, 46. 5 KD, 43.5 KD, and 31.0 KD (Laemmli 1970). A
minor 31.0 KD band was also seen in the bactenophage A preparanon The major
bands found in 125 jodinated bacteriophage T4 prepa:atlons had approximate molcculdr
welghts of 50 KD and 24.8 KD. The pattern produccd by the bactenophagc L1 was

) distinct from that produced by bacterlophage T4 and A (Plate 2). |

) Coomassie brilliant blue s'tajning revealed only the major proteins present in the

samples of all three bacteriophage. The autoradiographs of the Coomassie brilliant blue



Plate 2 : The Protein Patterns of Bacteriophage 1.1, T4, and A.

Y

2a. The Protein Patterns of Bacteriophage L1, T4, and A. Coomassie brilliant blue
staining of bacteriophage L1 and A following SDS-polyacrylatnide gel

clectrophoresis.
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2h. The Protein Patterns of Bacteriophage L1, T4, and X. Autoradiographs of
bacteriophage L1, T4, and A surface-labelled with 1251 and subjected to SDS-

polyacrylamide gel electrophoresis. |
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The Protein Patterns of Bacteriophage L1, T4, and A. Silver stalmna of

lmctulophagu L1, T4, and A following SDS- polyacrylamlde gel clu,trophorcsm
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2d. ‘Fhe Protein Patterns bf Bacteriophage L1, T4, and A . Composite pictures
comparing, t!ic Coomassic bn'lliﬁm blue stained, silver stained and autoradiographs

~of l_)actcn'ophagc L1, T4, and A. (abbreviation: CB=Coomassie brilliant bluc
stained, Ag=silver stained, AR=autoradiograph, T4=bacteriophage T4,

A=bacteriophage Lambda, L1=bacteriophage L1)



CB Ag AR CB Ag AR
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stained gels also showed the same major proteins as determined by the relative'
intensities of thé bands on the autoradiograph ((sec Plate‘Zb). '

Silver staining revealed several more proteins than did the Coomassie brilliant
blue staining however, the major proteins shown in the Coomassie brilliant blue stain
did not stain with the silver stain but rather showed up as clear negatively-stained bands
only when the bag ground of the gel was allowed to overdevelop.

251 surface labelling of the bacteriophage L1 revealed that all the proteins

detected by the silver stain appear in the autoradiograph. This suggested that the
proteins visualized in the silver stain and the Coomassie brilliant blue stain are proteins
with an exposure (o the exterior of the bacteriophage. No strictly interior proteins were

detected by these methods.

3.10 Burton Diphenylamine Assay Results :

The electron micrographs of the bacteriop}llage L1 revealéd the bacteriophage to
be a 1ailed, contractile bacteriophage (see section 3.4). Of the bacteriophagé reported,
almost 98% of tailed, contractile bacteriophage contained doublél-stranded DNA
(Ackermann 1987). Therefore, the diphenyiarnine assay for detection of DNA was
 done on a sample of bacteriophage Ll that had been purified on a cesium chloride
gradient and the salt removed by dialysis against 0.1 M Tris-HCI buffer pH 75 The
purified bacteriophage L1 was diluted 1:10 in Lambda diluent to determine an accurate
A260 reading to estirﬁa;e the amount of nucleic acid. The reading \}v.avs 0.6. Using the
conversion factor thag 1 OD260 = 50 g DNA/m, the amount of nucleicA acid estimated
was 300 pg/ml in the bacteriophage sample. A 50 and 100 pl sample of the
bacterippimage L1 was added to the reaction tubes. After allowing time for colour

development, the absorbances of the reaction tubes containing the standard amount of



b

DNA were compared to .the tubes containing the bacteriophage L1 samples. The
absorbance readings of the bacteriophage L1 samples were 0.062 for the 50 pl sam: le
and 0.130 for the 100 pl sample which coresponded to DNA concentrations of ~3(X)

pg/mi. The diphenylamine assay indicated that the purified samples of bacteriophage
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L1 cogtained DNA and the amount of DNA was equivalent to the amount of nucleic

acid estimated by spectrophotometric analysis (Figure 11). The bacteriophage L1 was

determined to be a DNA—éomaining bacteriophage.

3.11 Restriction enzyme mapping

3.11.1 Restriction enzyme profile :

Forty seven restriction enzymes were used to construct a restriction enzyme profie of

the bactenophage L1 genome (Table 6). The bactenophage L1 genome, when run
undigested, formed a smgle band which ran at a higher position than the largest
fragment of the 1 Hind 11l standards which indic'afed that the DNA was most probably
linear apd greater than 23.1 kb in size. The size of the bacteriophage L1 genome was

estimated using several restriction digests. The restriction enzyme Sma I routinely and

clearly produced 10 single bands which when added together, showed the.

‘ bacteriophage L1 genome to be approximately 50 kb in length. Other enzymes such as
BamH 1, and Cla I confirmed this finding (Table 7). Some restriction enzyme digests

are shown in Plate 3.

3.11.2 Restriction enzymes used for mapping.

The restriction enzymes useful for the restriction mapping of'the bacteriophage
L1 genome should ideally p oducc.few (2 to 5) restriction fragments during a single
digest.'and the fragmenis produced should be singlets (ie nd two bands W be of the

same molecular weight).



"Figure 11. Burton Diphenylamine Assay Standard Curve. The .s'tanaard curve generated
for thc Burton diphenylamine assay was used to detcm;xinc whether the nucleic acid of
l)uétcriophagc L1 (measured By absorbance at 260 nm) was DNA o‘r RNA. The
diphenylamine assay showed that the estimated nucleic acid content of bacteriophage L1
sample as measured by absorbapcc (260 nm) was cquivalem to the amount of DNA that

was determin@d to be in bacteriophage L1 sample by the diphcnylamine assay.
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Table 6 : Restriction enzyme profile of bacteriophage L1 - .

Restriction No. Restriction No. u ‘,wRestﬁct:ion ' No.
Enzyme - ofBands '~ Enzyme of bands Enzvr_ne of bands
Ace 1 12 EcoRV 9 Pst1 9
Afl 11 3 .Hae 1I >20 Sac1(Sst D) 3
Alul 1 Hhal >20 Sal b 1
Apal 1 Hinc 11 li Sau96 1 9
Aval 13 ' Hind 111 1 Sau3A 1 >20
Ava Tl 10 Hinf1 - 20 Smal(Xmal) 10
Ball 1  Hpal 1 Sph1 1
BamH 1 (Bst 1) | 9 Hpa Il Msp T) >20 Sst I (Sabc D 3
Bell 12 Knp 1 1 Sst 11 12
Byl 10 Miul 4 Tag 1 >20
Belll 1 Msp1(Hpal) >20 Thal 20
Bssh 1 1 Narl 13 Xbal 3
Bst1 (BamH D 0 ‘Not I 1 | ho 1 >20
Clal . 13 Nru 1 12 JXmal(Smal) 10
Dral 1 Pvul o1 " XorI(Pstl) 9 )
EcoR1 9 | @vu I 13 |

The enzyme in brackets is an isoschizomer which is defined as restriction endonuclease
-with the same recognition sequence but which may or may not produce identical
cleavage products or ends (Bethesda'Research Laboratories Catalogue and Reference

Guide 1987).
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Table 7 : Analysis of the Size of Bacteriophage L1 Genome.

Restriction Enzyme - Size (kb) : Total size(kb)
BamH 1 _ 17.4, 8.7, 5.F, 5.2, 4.7, 2.4
: 22,19, 1.5 49,7
EcoR 1 ‘ / 10.7, 6.8(D), 5.7, 4.5, 3.8,
Y. 3.2, 2.8, 2.6, 1.4 48.3
r"/ ’

Pvu I 7.8 (D), 49, 4.1, 3.7, 3.5,

3.3,3.1,3.0,22, 19, 1.7,

1.5, 1.1 L4946
Smal 18.6, 11.7, 7.1, 5.3, 3.4, 1.5, |

1.1, 0.8, ~0.3, ~0.2 o 500

(D)= doublet band based on intensity of ethidium bromide staining

122
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Plate 3. Rcstriéiion enzyme digests of Bacteriophage L.1 DNA. \

-

3a. Single restriction enzyme digests ¢ bacteriophage L1 DNA which in part,
produced the restriction enzyme profile and the estimate of the approximaté R

size of the bacteriophage L1 genome. The restriction digested DNA was

electrophoresesed on a 1.0% TB agaose gel.

3b. Single and double restriction -eniymé digests of the bacteriophage L1 DNA
used to approximate the size of bacteriophage L1 genome. The restriction digested

DNA was electrophoresesed on a 1.0% TB agarose gel.
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From the restriction enzyme profile the following classes of restriction enzymes were

distinguished :

# of bands on the gel Restriction enzyme

>10) ~ Accl,Aval, Bcl1,Bst],Clal, Hae 11, Hinc 11
HinfY, Hha 1, Hpa IT, Msp I, Nar I, Nru 1,
Pvull, Sau3A 1, Sst 11 11, Thal, Xho |

5.1 Ava 11, BamH 1, Bgl 1, EcoR 1, ECoR V.,
| Pst1, Sau 96 1, Sma 1, Xma 1, Xor Il

o
i
S

AfI L, MIu 1, Sac 1, Sst 1, Xba 1

1 | Alul, Apa 1, Bal 1, Bgl 11, Bssh I, Dra 1.
Hind 111, Hpa 1, Kpn 1, Not 1, Pvu 1, Sal 1,
Sph 1 |

3.IL3 Single digests with 'Sst T and Xbal:

- The most suitable enzymes for mapping were chosén from the restriction
enzymes that produced from 2 to 4 bands. It should be noted that the ﬁumbeg of bands
produced by each restriction digest gave only a rough estimate of the number of
restriction fragments produced as the bands may be composed of greater than one’
fragment. The enzymes Sac I and Sst I are isoenzymes and probably produced
identical fragm;nts. }Thé\ge/n_zyme chosen fc;r‘i‘mapping was Sst I, rather thén Sac 1
because of the greater’avai?ﬁgil/i;y of Sst Tin the laboratory. The enzymes Afl I and

)
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Mlu I were less commonly available and fairly expensive so they were not used to”

construct the map. Thus, mapping was conducted using the restriction enzymes Sst [
and Xba 1. From the single digests of Xba I and Sst I (see Plate 3b), there appeared to

be three restriction fragments formed by each of the digests as suggested by the three

bands formed in each gel. However, the relative intensities of the binds and the failure.

/

of the bands to add up to 50 kb suggested thay, the bands” seen in the gels were’

composed of more than 1 fragment each. Thc restriction fragments were of the
| following sizes : Xba I~ 30, 85, and 6.6 kb Sst 1~ 13.8. 9. and 6.8 kb. In the
Xba I digest, a doublet was suspected in the 6.6 kb band due to its more intense
staining relative to the 6.8 kb Sst 1 fraf;mént. Doublets were also Suspcetcd in the 13.8

kb and 9 kb Ssr I bands also due to their intense staining (Plate 4).

3.11.4 Double digests with Sst I and Xba }:

. The double digest of Ssr I-Xba I produced apparently six bands 'when run on a

wide-mini-sub™cell TA or TB agarose gel corresponding to the sizes ot ~H 8, 8.5,

6.4, 3.9, 2 6, and 1.8 kb. When these fragmem sizés were added up, the sum was sull

not 50 kb. A doublet was suspected in the 13.8 kb bdnd In order to res‘olve Lh(, 13.8

kb fragment the restriction digests were run on a longcr TA- gel (210 x 130 mm) The

13 8 kb fragment was actually composed of one 14. 1 kb fragment and a 13.5 kb

-

fragr,nent (Plate 5). \,’_\

a A
)

3

3.1L.5 Restriction enzyme map : ‘
= The large ~30 kb Xba I fragment was éomposcd of the 13.5 and 14.1 kb Sst |
fra ;. Because the 13.5 and 14.1 kb.Sst I fragments (13.8 doublet) were

maintz .ed in t-e Sst I-Xba I double digest, they could not contain any Xba I restriction

sites. All the other Xba I fragments are less than or equal to 8.5 kb and could not have



Plate a. Rcstrictioq enzyme digests of bacteriophage L1 D'NA' using the restriction

- enzymes Sst I and Xba L. Elcct}ophorcsis of the digested bactcriophagc L1 DNA was
conducted onal 0% ng a wide mini-sub™ cell elcctrophoresm apparatus (Bio-

“Rad). The same bandmg pattern was produccd by electrophoresis of the bactenophagc L1 ‘\1

3 DNA 'usmg 2 0.6% TA gel clectrophoresis (not shown).: 3
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Plate 5. Resolution of the Large Ssr I Restriction Fragments. Restriction enzyme digests
of bacicriobh;xgc L1 DNAwith the enzymes Sst I and Xba I showing the actual number and

intensity of the bands when a longer TA gel (210 x 130 mm gel apparatus) is run as

compared with the wide mini-sub™ cell electrophoresis apparatus.
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contained either the 13.5 or the 14.1 kb Sst I fragments. These results placed the 13.5
and 14.1 kb Ssr I fragments in the 30 kb Xba I fragment. There was still a small
amount of the 30 kb fragment not accounted for and either the 2.6 or the 1.8 kb
fragment éoul;i possibly be included. To test this, the large 30 kb fragment was
isolated from an agarose gel, purified using Gengéleanm, redigested with Ssz I, and
rx;n on a TB agarose gel. The resulting digest strohgly showed the presence of the 1.8
kb fragment (Data not shown). There was also some evidence of fragment shearing
through the mani.pulatiovn of the 30 kb fragment which produced a ladder effect in the
gel. Héwcvcr, t”hc“ 1.8 kb fragment was véry clearly more inteﬁselsl stained than the
sheared fragments leading to the conclusion that the 1.8 kb fragment was part of the 30
kb X))a I fragrr;ent. With the assignment of fragménts to the large 30 kb Xba 1
fragment completed, the smaller Ssz I and Xba 1 restriction fragments were studied.
-The 8.5 kb Xba I fragment must have been within one of the 9.0 Ssz I fragments a\s itis
maintained in the ’doublc digest. Again, the reasoning for this assign-ment was the same
as that used for placingv.thc 13.5kband 14.1 kb Sst fragments within the 30 kb Xba 1
fragment. If the 8.5 kb Xba 1 ffagment had an Sst I restriction site, it could not be
maintained in the déuble digest. _Since the 13.5 kb and 14.1 kb Sst I fragments are
assigned to the 30 kb Ssz 1 fragment, the only other Sst I"fragment l;;rge enough to
contain the 8.5 kb Xba I fragment was a 9.0 Sst I fragment. In support of this
“assignment of the 8.5 kb Xba I fragment to the 9.0 kb Ssz I fragment is the fact that the
9.0 Sst 1 fragment was no longér present in the Ss¢ I-Xba I double digest and the 8.5
kb fragment remained. One of the 6.5 kb Xba I fragments most probably was cleaved
by Sst 1 digestion to a 3.9 flnd 2.6 kb fragments produced in the double digest. The
sum of the 3.9 kb and 2.6 kb fragments is exactly 6.5 kb. The other 6:5 kb Xba I

fragment appeared to be clipped to a 6.4 kb fragment by Sst I. This was evidenced by



CEF

 pictured in Figure 12.

K

the loss of the 6.5 kb Xba I fragment in the Sst [-Xba I double digest and the

appearance of a 6.4 kb fragment. The Sst I fragments that were maintained whc Syt 1-

?%agmems both had Xba I restriction sites, one being cleaved into an 8.5 kb fragment
as mehtioncd above and the - other most probably being cleaved into a 6.4 kb fragment
and a 2.6 kb fragment. The 6.7 kb Sst‘I fragment posed a slight problem in that the Sst
[-Xba I fragments that were remaining, the 1.8 kb and 3.9 kb fragments, did not add

up to 6.7 kb. The assignment of the 3.9 kb and 1.8 kb fragments to the 6.7 kb Ss¢ I

fragment predicts the presence of a fragment of ~ 1 kb which should be present in the

Xba 1 single digest and the Xba I - Sst 1 double digesfs. In an attempt to find the
predicted 1 kb fragment, a 2% TB agarose gel and a 12.5% acrylamide gel were used to

separate the restriction fragments from both a double digest (Sst I -Xba 1) and a single

B
A}

Sst 1 digest. There was no 1 kb restriction fragment found in either digest. The .

restriction map of the bacteriophage L1 genome which was the most plausible is

3.11.6 End-labelling :

In order to determine which of the Sst I fragments and Xba I fragments were at

* the ends of the fiactcriophage L1 genome, the DNA was subjected to an end-labelling

reacﬁon using 'T"4 polynucleotide kinase. The enzyme 'f4 polynucleotide kinase was
used because of its lack of.specificity for both thg y-phosphate donor and the
polyﬁucleotide recipient and also the_ availability of the eniymc in the laboratpry. The
bacteriophage L1 genome could not be end labelled using T4 polynucleotide kinase
indicadhg that the 5' end of the genome is not accessible to the enzyme. Lillehadg etal.

(1976) reported the T4 polynucleotide kinase has preference for single-stranded 5'-

1

- Xba 1 double digests were the 14.1 kb and 13.5 kb fragments. The doublet 9.0 kb Sst



Figure 12. Restriction Map of Bacteriophage L1 Genome. The restriction map for the
b'actcn'ophagc L1 genome has been constructed for the restriction enzymes Ssz 1 (S) and

Xba 1 (X). Map distances are given in kilobases (kb).
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_3 11.7 Reannealmbexperlment :

l

135 °

hydrogyl termini, therefore, blunt- ended{or recessed 5'-termini with 3' overhangs

be oor subﬁates In addltlbn%ngle strand nicks in the DNA are reported to

: also ad%rsely affect B B e ing reaetion. From the results of the end- labelhn0

LRl

g4 : o

experiment, the bacterlophag Lllg'enc{fnle ldeossess @‘bf the three above -

The bactenophage L1 DNA was analysed for the possxblhty that it had its 5'- -

hydroxyl termini involved in a hairpin or a had protein covalently hnked to its terminus.
The reannealing expenment was doffe to compare the rate of reannealing of calf thymus
DNA (which is double stranded, well characterized and has no unusual composition to
its 5' end) to tnat_ of the bacteriophage L1 DNA. The results showed that the
reannealing was comparable for the two DNA satnples. The extracted bacteriophage L1

DNA appeared not to have a hairpin or a covalently bound protein at its 5' end.

3.12 Hybridization studies:

Hybridization studies were done in order to determine if bacteriophage

homologous to the bacteriophage L1 were present in representanve strains of the three

Bordetella spec1es that are mammalian pathogens If the bacteriophage were not

inducible, the only means of detection could be this probe. Any»snains shoWing
hybridization to the probe would be further studied to determine if the presence of the

bacteriophage could influence the phenotypic properties of the organism. Also, the

strains hybridizing ith the bacteriophage could be grown under various conditions in

"an attempt to induce the bacteriophage.
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3.12.1 Colony hybridization " i
.Colony hybridization was used to screen the v[an'ous strains of B. pertussis, B.
parapertussis and B. bronchiseptica for the presence of DNA homologous to
bactenophage L1 DNA. The advantage of using this technique was that large numbcrs
of colonies coujd be screened without havmg to purify DNA from the organisms.
Disadvantages of the teohnique'were that cellular debris n‘iiiy interfer with the results of
the hybridization and that the amount of DNA present on the nitrocellulose filter was
related to-how quickly the varioos bacterial strains could grow. The resulting
autoradviographs showed that the colonies of strains of B. perrussis and B.
parapertussis tested did not ‘hybn'dize with the bacteriophage L1 probe as well as the
colonies of strains of B. bronchzsepuca (Plate 6) Consequemly, only the strains of B.

&

bronchzsepnca were analysed in the next hybndlzanon expenmcms

3.12.2 Dot-blot hybridization .

Dot-blot hybridization was used to screen the strains of B. bronchiseptica that
appeared to hybridize fhe L1 probe in the colony hybridization. This method used
purified DNA which had the advantages of not haVing the cellular debris to interfer with
the hybridizatioﬁ and that a measured standard amount of DNA was spotted onto 1'
nitrocellulose filters. The strains showing hybridization to the bacteridphr LI
‘genome were as follows (Plate 7): S

strong signals: AGI-L, AG9-L, AG11-L, AG11-H, 501, T ~1ma |
| bacteriophage lysate

weaker 51gnals Rab-10, BTS, Ft. Collins (Data not show- “ Jiumbi's

These bacterial DNA were used for the Southem blots.,



i
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Plate 6. v"Colony blot hybridization of the Bordetella spp.;probing with bactcn'ophayge L1
DDNA. Strains from three species of Bord&ella were grown _on- nitrocellulose f'ters, lysed
and probed with nick-translated (32P-dATP) bacteriophage Ll DNA. The photograph is of
the autoriidio‘ raph of the blot of the foliowing strains : (B. broﬁchiséptica =Bb, B.

v purapcr'tmsfis = Bpp, B. pertussis = Bp)

] - 2 3., 4 5 . 6
A blank blank blank blank ~ Purified gL.1 E. coli
\ DNA 364
v

o

B BbRatl Bb Columbus Bb 501 Bb Ft. Collins BbRab 10 plank

C  Bb2l4  Bb17640-SAC Bb BTS BbAGI-L  Bbg7 Bb 110-H
D Bpp77 BppPL-1  Bpp17903 blank  blank ' blank
N .

. ef’-"v.

B Bp 134 Bp 3779+  BpTohamal Bp18323 = BpBB103  blank
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Plate 7. Two dotlblot hybridizationé oi various strains of Bi broncl\zi&eptica '(x-/ith nick-
| translated bacteriophage L1 DNA: The dot blot hybﬁdﬁatiohs were conducted QI}"KWO

separate occasions, however, certain bacferial DNA samples were used in'both blots. All

strain n‘amcsvrcfcr to strains of B. bronchiseptica with the followir; g ekceptions: E coli =

Escherichia coli; Tohama I = B. pertussis Tohama I bacteriophage crude lysate';"‘Ll =

«purificd bacteriophage L1 DNA)



.

Rab-10 110-H Columbus
)
E. coli
BTS Rat-1 17640-SAC
E. coli ‘l"
AG9-L 501
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17640-SAC
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3.12.3 Southern-blot hybridization

T;The Southern blot hybridization was done to detetmine if the bacteriophage L1
waé,integrated i{i_to the bzicterial ehrornosome of those strains of B. bronchiseptica that
appeared to hybridize. with the bacteriophage L1 genome by dot-blot hybridization.
. Any hacten'al ”re'stxiction_fragments t’onnd to hybridize with the bacteriophage L1 DNA
L probe would be,cdmpared to the pzittern piodueed by hybridization of bacteriophage L1
digeeted,by the same restriction enzyme. Two possible patterns were predieted: 1)if
the restrictidn patterns were the same betWeen purified bacteriophage L1 DNA and the
bacterial DNA, it would be assumed that the bacterial strain carried bacteric phage
homologous to the bacteriophage L1 and that the bzicteriophage genome was not
integrated into the bacterial genome.; 2) If the restn'ct’ion pattern of purified :
bacteriophage LI DNA was different than the bacterial DNA by only two fragments,
this would indicate that the bactenophage was 1ncorporated into the bacterial genome
with the ends of the bacteriophage genome integrated into the bacterial DNA.

The following strains of B. bronchiseprica showed hybridization to the
bacteriophage L1 genome by Southern blot hybridization : AGI-L, AGY-L, ACl 1-H,
and AG11-L (see Plate 8d). The restriction patterns produced by AG1-L, AG9-L,
AGI11-H, and AG11-L were identical to the restriction pattern produced by the purified
bactenophage L1 DNA usmg the restriction enzymes BamH I and Xba 1 (see Plate 8d).
The bacteriophage L1 genome in these bacterial chromosomal .diges_t; was not
integmted'into the baeten'al genome. The intenéity of the bands and the ,relhtively short
exposure time (20 honrs at -70°C) suggested a large copy number of the bacteriophage
L1 in each of these samples. This fuggested two possible expianations,_dne being that
the bacteriophage L1 genome was e%med as a multicopy plasmid within the host cells

or, a more probable ex’plariétion was the bacterial culture had been induced to produce 4

B
~
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Plate 8 : Southemn blot hybridizations ofgvarious strains of B. 1)&):&77111\‘('/94‘1’&‘11.l;’\\_'ith nick
translated bacteriophage L1 DNA. The concentration of DNA. in the bacterial DNA samples
was estimated by fluorometry (see ;scction, 2.19.2). Rpproximalcly 1 jtg of the bacteridl
DNA was added to each restriction cnzyn'dé digest. Ofe microgram of lmctcdophagc 1.1

| DNA was also used in the r,csm'ctio;l enzyme digests, however, a 1:100 dilution of the
completed digést was also made with 3‘1 small pértion of the digest to be used as 1 positive
control for the hybndization. After allowing‘lhc various restriction enzyme digestions to g0
to completion (~2 hours), the sampi‘cs were r'ign on a TB agarose gel and subjected

Southern transfer and hybridization. (Note that the undiluted bacteriophage .1 DNA

sample produces the very strong hybridization signal whereas the diluted sample is not as
- : R _

overwhelmingly strong.)

Plate 8a : Ethidium bromide stained TB agarose gel of bacterial DNA‘sznnplc's
treated with the restricion enzyme Bami{ 1, which subsegpently was subjected to
B _"_”S‘ou;Lhcrn transfer and probed with nick-translated bacteriophage L1 DNA.

1

e

Plate 8b : Autoradiograph of the Southern blot of the agatose gel in plate 8a.
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Plate 8c : Ethidium bromide stained TB agarose gel of bactenal DNA samples
treated with the restriction enzyme Bamid 1, which subsequently was subjected to

Southern transfer and probed with nick-translated bacteriophage 1.1 DNA.

13

Y
) v

~ Plate 8d : Autoradiograph .é>f ;»}}_é Southern blot of the agatose gel in plate 8c.

“
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Plate 8e : Ethidium bromide stained TB agarose gel of bacterial DNA samples
treated with the restriction enzyme Xba 1, which subscqu%ntly was subjected to

Southern transfer and probed with nick-translated bacteriophage L1 DNA.

Plate 8f : Autoradiograph of the Southern blot of the agatose gel in plate 8c.

<
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bacteriophage during the procedure used to gri - up the bacterial cells for DNA
extracton.

A simple experiment was coﬁdl;cted to distinguis the twe possible case
scenaﬁ'os. The strains of B. bronchiseptica in question, AG1-L, AGY-L, AG11-L, and
AG11-H were inocelated into 100 ml of TSB and grown into stationary phase. One

hundred microliter aliquots of broth cultures of the strains of B. bronchiseptica were

- removed at various time intervals and tested in a plaque assay for the presence of

L.K‘rii‘,"’bacteriophage L1. The titer of bacteriophage in each flask aﬁer a 25 hour incubation

time were the following : AG1-L 1 x 108, AG9-L 1x 105, AG11-L 2 x 108, AG11-

&
H 2 x 105 PFU/ml. This high titer of bacteriophage could account for the strong

7
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signal. It was not clear whether the bacteriophage L1 was carried as a lysogen, orif the

bacteriophage L1 was a lytic bucteﬁophage in equilibrium with the bacterial host and
not able to completely destroy the host cells in vivo. - ’Ié _

One strain, B. bronchiseptica 501 weakly hybridized the bac‘teriophuge L1
genome by the Sou;hem blot hybridization technique (see Plate 8b). B. bronchiseptica

501 did not produce the same restriction péttem as the purified bacteriophage L1. This

suggested the presence of DNA homologous to bacteriophage L1 DNA within the

bacterial chromosome and the possibility of a bacteriophage in B. bronchiseptica 501.

However, caution must be exercised in interpreting this result as the hybridizing band -

was found at the well of the agarose gel. Further Southern blot hybridizations should
be condugted before considering B. bronchiseptica 501 as a lysogen for bacteriophage
L1. The Weake_r_ signals from B. bronchiseptica strains Rab-10. " '} :ind Ft. Collins
R . ,

more strongly than the negative controls in the Southern blots. i.casons for these

negative results on the Southern blots include the possibility that even if the bacterial

.

in fhe dot blot hybridizations (see Plate 7) did not produce restri. -ior band  hybridizing
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strains cany bacteriophage, the bacteriophage may not be homologous to bactexiophage
L1. All other rcportéd Bordetella baciéﬁqph\ag‘c are noncont;actile and may have poor
homology to the bacteriobhagé L1 (Lapaeva et al. 1980) I‘nsuf‘ﬁcient- amounts of
bacterial DNA were applied=to the gels making it less llkely to obtain a strong
hybndlzatlon signal perhaps explammg the dlscrepancy between results dbtamed from
the dot blot and Southern blot hybndlzauons Although all bacterial DNA samples

were equ111bratcd using ﬂuorometry, there appeared to be RNA contammatlon. in the

DNA samples. ‘The very strong hybndlzatlon of B. bronchzseptzca strains producing

bacteriophage Ll was a poor posmve control ,for detectlng a possibly lysogenic

bdclenal strain can‘ymg a single copy of the bactenophage genome in each bacterial cell.

p
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féquu:ements for taxonomic classification of the bacteriophage as outlined by the
Intemanonal Committee for the Taxonomy of Viruses (I.C.T.V.) and as additional
information for the characterization, a protein pattern and a restriction enzyme map were
constructed. - ) |
4.1.1 Taxonomic Characterization (I.C.T.V: ‘Guidelines)

The bacteriophage L1 can tentatively be placed within the 1.C.T.V. taxonomic
'group the fémiiy Myoviridae (Ackermann 1987) based on the morphblogy (section‘
4 1.1.2) and nucleic amd (section 4.1.1.1) of the bactenophage L1.
4.1.1. 1 The Nucleic Acid " : ”

The ﬁucleic acid was a single piece of linear double stranded DNA which was
approximately 50 kb in length with no evidence of nucleotide base modification.
4.1.1.2 The Virion Proper

The virion was morphologically described as a tailed, contractile bacteriophage
with an icosahedral head, collar region, and distinctive base plate assembly with three
or four spiked prOJectlons with knobby ends The base plate assembly became clearly |
visible only upon contraction of the tail. The diameter of the bacteriophage Llic/ad/
was 56 nm inl width (see section 3.5) which was comparable to the head-measurements
of bacteriophage K but smaller than that of bacteriophage T4. Bacteriophage A
possesses an icosahedral head with a reported width of 54 nm (Kellenberger and Edgar

1970) whereas bacteriophage T4 possesses an anisometric head with a reported width

of 85 nm (Earnshaw King and Eiserling 1978). The comparable head diameters of
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bacteriophagé L1 and bacteriophagé A a}ppear to be reﬂectea ixg the genome size of
approximately 50 kb of double stranded DI A found in both baéteriophage. The
bacteriophage T4 genome is also a double-strz “ded, linear DNA but is approximatgly
166 kb (Wood and Revel 1976). The bacteri  age T4 is approximately twice as big’
as ti{e bacteriophage L1 and contains fo. times as much genetic material.

%
Bacteriophage A is approximately the same size as the bacteriophage L1.

The tail structur:s of the three bacteriophage are different. Bacteriophage A
possesses a long, flexible, non-contractile tail approxiﬁ]ately 150 nm in le_r:1g:th and
ending in a single fiber. The bacteriophage T4 pos‘sésses a contractile tail like the
bacteriophage L1, however, unlike bacteriophage L1, bacteriophage T4 has ;a \
hexagonal tail plate to which is anéhored six long tail fibers and‘six shorter whiskers.
This structure is very different from the bacteriophage L1 base plate structure. B R

The buoyant density of the bacteriophage L1 in cesium chloride was found to be
approximate“ly 1.5 g/ml, which is typif::l,l of most tailed bacteriophage (Ackermann
1974).
4.1.1.3 Host R'ange of the Bacteriophage L1 g

.The host range was found to be limitgd thus far to strains of B. parapertussis
and B. bronchiseptica. The host range of the bacteriobhage L1 is comparable to host
ranges reported for other bécteriophage isolated from strains of B. bronchiseptica -
(Rauch and Pickett 1961?;' Rauch and Pickett (1961) reported that.bacteriophage -
isolated from B. br;onchisepfica were genus specific, that is forming plaques only on
Bordetella species\l‘n"ﬁ&f&on, these bacteriophage could not produce plaques on any
strains of B. pertussis tested. It should be noted that bacteriophage L1 adsor})ed to hést

bactenial cells optimally at lower temperatures (~4°C).

~
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The bactedophagc’L\I‘ was found to be resistant to ether and c;ﬂoroform but a
severe drop in inf.ctivity was noted on prolonged_ exposure to 1 M NaCl.. Presumably,
the bacteriophag. panicles were becoming disassociated on prolonged exposure to the -
high salt concentration as evidenced by observation$ of a thicker up.per band of
bacteriophage in the cesium chloride gradients if there was a delay (24 hours) in the
purification proced!?re (see section 3.8). Purified bacteriophage L1 preparations were
concentrated using 1 M NaCl, in addition to polyethylene glycol, to aid in precipitating
the bacteriophage particles but the precipitated bacteriophage particlés were placed onto
the cesium chloride gradients without delay to minimize any deleterious effects of the
salt. The bacteriophage L.1 was also fqund to be stablc;?'iﬁ stored at 4°C in TSB for six

. . , N '
months (time of observation) but loss of infectivity was noted at prolonged room

~

\ N\

AR}

Another criterion for bactenophage classflga)non rccommendcd by the LC.T.V.

temperature exposures. N

was investigation of the antigenic relatlonshlg)zfetween the bacteriophage. This was
not done because the bacteriophage L1 was the only bactenophagc avallable from the
Bordetella species at the time of the‘)investi gations. The bacteriophage isolated from B.
pertussis Tohama I has been subsequently acquired and is a suitable candidate for
future antigenic studies. From the prelirﬁinary dot blot hybridization study (scé Plate
7, theré is some DNA homology which may indicate some basis for an antigenic
relationship‘.betweeh bacteriophage .1 and tth:_ Tohama I bacteriophage. in addition,
the Southern blot hybridization revealed that a :sv‘iamilar bacteriophage may be present in
B. bro‘nc};iseptica 501. Further study ofB bronchiseptica strain 501 is warranted
before firm conclusmns can be drawn upon whett - there is in det, a bactepophagc
within the B. bronchiseptica 501 strain and if the bacteriophage is induciblc?: Rauch

and Pickett (1961) reported the inability to induce the bacteriophage of B.
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bronchiseptica strains w‘iiiﬁ‘:‘altrajviolet light. However, growing the bacterial strains
AGI-L, AGY-L, AGIlI-L and AGI1I-H to stationar;' phase either induced
bacteriophage L1 or caused an accumulation of bacteriophage L1, if it was in fabt being
spontaneously })roduced throughout fhe growth cycle of the bacteria. The
bacteriophage possibly present in B, bronéhisebtica 501 was not inducible by growth
of the bactenal host cells to stationary phase. Alternative means such as mitomycin-¢ '
induction or growth of the organisms in different media to stress the organisms,‘
causing the induction the bacteriophage may have to be employed.
‘4.’1.2 Properties of Bacterioph;ge Ll not required for Tlaxonomic
Classification of Bacteriophage -,

o As of yet, there is no further taxonomic subdivision of the ;family Myoviridae,
- the fafnily of contractile-tailed bacteriophage in.to-iwhich the bacteriophage L1 has
‘tentatively been placed. Tailed bacteriophage are the largest viral group known, with
approximately 2721 reported observations of tailed bacteriophage, of which contractile
tailed bacteriophage comprise 811 of the observations (Ackermann 1987). However,
within the genu\BordetelIa’, the béé,iedophage L1is fhe 6nly reported contractile tailed . -
bacteriophage to date (personal commﬁni&ations Dr. H.-W. Ackermann). Because of
the bewildering numbers of tailed bacteriophage, the need to further characterize
bacteriéphage L1 to identify unique properties of the bacteriophage became more
apparent.
4.12.1 Protein Pattern q |

The bacteriophage L1 produced a protein pattern different than those produced
by either bacteriophage T4 or bacteﬁophégc A, diffen-ing not only in the relative
y : .

numbers of proteins but also in the molecular weights of the major protein bands. The

molecular weights of the major prdtein bands produced by bacteriophage T4 and
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bacteriOphagevk compared favourably tc\{ ée published values for the molecular weights
~ of major head proteins of the two bacterio;imge (see section 3.10). The major proteins
of the bacteriophage L1 could not be stained with the sil‘ver staining technique. In
. addition, the bacteriophage L1 protein bands present .n the silver stain were also

present in the autoradiographs of the 1251 surface-labelled bacteriophage. Thi.§ sugges}ts

that all proteins visualized in the silver stain are proteins with an exterior exposure. The

1
-

silver stained bacteriophage proteins could possibly be surface labelled due to the |

bacteriophage L1 particles being lysed during the iodination procedure. Howcv‘e_r,nif

4 -
hd = -

expect t@ seg a smear over the surface-labelled proteins. In fact, during one of.the

A periments, a smear was observed that obscured thé protein bands.
e lysed bacteriophage particles in that particular experiment was
I §pbseq1;ent iodination experiments were clear of this smear. Because all
detected proteins are external proteins, there was no evidence for the presengc'of
internal enzymes. For a more detailed analysis, the bacteriophage Lvl would havé to be
intrinsically labelled with eithér 14C or 35S-methionine. M
The number of bands produced in eachlp’r’otein profile of bacteriophage T4,
bacteric;phage L1, and bacteriophage A should correspond with the amount of DNA
possessed by each bacteriophage. However, the proteins coded for by the
bacteriophage genome may not all be structural\' proteins present in the final
bacteriophage particle but may be necessary in assembly of ihe bacteriophage or be
modified by cleavage from a larger precursor protein to form the structural proteins. A
crude estimation of the number of structural proteins expected in bacteriophage L1 as a

function of its genome size can be made however, from reported findings in the

literature correlating the of number of structural proteins with the amount of nucleic acid

-

-

this were the case, the bacteriophage L1 DNA would also be labelled and one w()uld_"“

&}
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and structural complexity of other well-characterized bacteriophz.zge.l Estimations of the
number of?proteins coded for by bactcriophage T4 iand bacteriophage A genomes were
made from the following apprbximations :

"“The 'Téﬁi genome is composed of nucleotide triplets made up of 2 x 105‘

| ibase pairs which probably encodes 2 x 105/ (3 x 33Q)= 200 different
pr8ieins having an average of 330 amino acids in thei‘rvch_ains. It yvould.

- seem most likely that much less than half of these 200 proteins are c’omp.onent
parts of the infective T-even phage, with only about forfy different protein
spec'ifes having been identified ip the phage particle.”

‘(from Stent and Calendar (eds.) 1978) o
Bacteriophvagek has sufficient DNA io encode epproximately 50 proteins of
molecular we'ight 33 kD, witﬁ approximately 35. genes knowp (Hendrix

1970 - ) | .
There are at least 18 different genes concerned with b enophage A » L
morpﬂogenesis. Seven genes control the synthesi’s‘oée phage head and DNA

maturation. | The remaih'mg 11 genes control the synthesis of the tail proteins ‘
. Only eight subumts of different electrophorenc mobilities arebbsewed in the
extracts of the particles. It is suspected t}iat addmonal prpteins should be

: .present (Munaldo and Siminovitch 1971).
' .

Of interest with regards to structural complexity coupled with paucity of
genetic material is the Bacillus subnllzs phage 829, whlch contains 18

_ genes but isa complex contmcule tailed phage
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Since the size of the 'ba'cteriopha_ge‘ L1 genome '(~50kb) 1s comparable to the
bacteriophage A, a comparable number of proteins of molecular weight 33kD should be
coded 'for by tbe bacteriophage L1 genome (~50 protelns). In addition, due to the
structural complexity of the bacteriophage L1 contmctile tail, it might be estimated that
gre‘ater than the 18 different genes required for bacteriophuge A morpllogenesis would .
‘be required for the constmcu&n of the bacteriophage L1. However the example of the
B. subtilus bacteriophage ¢ 29 md1cat7s that fewer than 18 genes are necessary for the
contractile tailed bactenophage morphogenisis. Expenmentanon would be the best way

4
to determine which genes are essential for morphogenesls This information would be

A
e

vital for tl’:e construction of clomng vectors (see section 4.4).
4.1.2.2 Restriction Enzyme Analysis : gl
. - Restriction enzyme analysis showed that‘bacteriophage Ll does not appear to
‘ have DNA modified by either methylation, as the hydroxy- methyl cytosme moadification
of bacteriophage T4 DNA or by glycosylatlon lt is unlikely that the DNA of .
bactenophage L1 is methylated since the restriction enzymes Aval, Avall, Pst1, Pvu
II‘ EcoR I ‘and Taq I, which are unable to cleave methylated/DNA cleaved‘ A ‘
bactenophage L1 DNA (BRL Catalogue and Reference Gu1de) The bacteriophage L1
DNA is resistant to cleavage by the restriction ertzyme Hmd [II. This pos‘sible.
modlﬁcanon to the Hind 111 res‘mctlon site is con51stant with results of two publlshed
reports on Borderella DNA. Greenaway (1980) reported a Hind I11-like resmcuon
activity from a denvanve of Bordetélla pertusszs however, modlﬁcanon to the Hind 11}
. lsltes was not shown%Welss and Falkow (1982) demonstrrated that DNA (plasmlds)‘
w

. 1solated [rom Escherzchza coli could not be 1ntroduced into B. pertussis if it contained

‘Hind 111 estriction sites and that I;Imd I sites are modified by B. pertussis. 4
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4.1.2:3 Analysis of the Termini of the Bacteriophage L1 DNA.

The reannealing experiment (see section 3 13.5) showed no eviuence to s/uggest
that bacteriophage Ll3 DNA had a naimin structure, or a covalently bound protein or a
nick atthe 5'-hydroxyl termini of the genome. However, the T4 polynucleotide kinase
was not gble to incorporate the y-phosphate donior into the 5'-hydroxyl tennini. A
possible cause for this was bacteriophage L1 may possess a recessed 5'-termini wigp
3';overhangs or blunt ends (Lillehavg et al. 1976). The Bethesda Research Laboratory
Camlogue and Reference Guide (1987) stated that poor kinase effeciency may be due to
self-annealing of G-C'rich ends. The mol % G + C &the DNA of the mammalian
respiratory species of the genus.Bora’etella is 66-70 (T ' ittman 1984). Spfeculation
as to the nnture of the ends of bacteriophage L1 DNA énd the fact that no incorporation
of the y-phosphate donor suggested the possibility of G-C riehl sticky ends with a
recessed 5'- termini witn a 3'¥overnang. A formal experiment to detect the presence of
sticky ends was not done, but, none of the restriction digests produced any di‘fferencev
in banding pattern, regardlesé of whether the di'ge%t'was. heated to 65°C prior to running
it on the gel-o\rjus}t.idaded orito the gel after digestion at room temperature or ,3?°C
(depending on the enzyme). The Ty for cohesivel .termini_ generaied by restriction
enzyrnes' (4 bases) is areund 5°C (Kaiéer and Murray . 1984);' If there was a short G-C
" rich 3'-6ve{han&, it wouldn't Be’detected by running the DN_A;di'gest_-_s at 37°C as

compared with 65°C." A ‘simple way to determine if there are sticky ends at the

o bactenophage Ll genome tennlm would be to heat the punﬁed bactermphage Ll DNA

- to 65°C for 10 mmutes foll oWed by rapid coohng on ice and runmng the DNA samples
_ on an.agarose gels. Smce circularized DNA migrates differently than-a linear DNA. of

the same molecular weight in the agarose gel during electrophoresis, a distinction could



158

be made betwéen DNA that had been circularized by the heating and rapid cooling :tnd a
control DNA that had not been heated and rapidly cooled.
4.2 Relationship of Bacteriophage L1 to the Bacteriz}l Host .
Bacten’ophage, like all viruses, are metabolically inert and depend‘solcly on host
cells for propagation either by the lytic or lysogenic cycle. The bacteriophage L1 was
isolated from B. bronchiseptica AG1-L which spontaneously released bacteriophage L1
in broth culture of the bacteria. The bacteriophaée L1 was present in three other
monkey isolates of B. bronchiseptica from the same case of bordetellosis as determined
by the colony blot,.dot hlot and Southern blot hybridization (see Plates 6, 7and 8).
From the Southemn blots, it was evident that the unintegrated bacteriophage DNA was
‘ . “in'such great quantitjes as to obhterate any evidence of bactenophdge DNA integration
% into the bactertal chromosome. It was not possible to tell whether or not the
bacteriophage L1 wes integrated into the bacterial chromosome. Large amounts of
bacteriophage DNA corresponding to significant titers of bacteriophage Ll F"were
isolated from broth cultures of the monkey isolates that were in statlonary (perhaps
g death) phase This suggested ‘that if bactenophage L1 was a temperate bdctenophage
e confernng a. lysogemc phenotype to the host bgctenal cells, the bacteriophage may have
been 1nduced to enter the lytlc cycle at this advanced stage of bactenal ﬁ'owth It |
should be noted that even at '12-14 hours-of mcubatlon on the mtrocellulose filters for
: the doloriy blot, the hybnduatlo.. between the labelled bactenophage Ll DNA and the

s

DNA of the colonies of B bronchzseptzca (monkey 1solates) ‘were. very strong., In order

e -

_ 1o detect bacterlophage Ll mtegrated into the bactenal chromosome assu}ung that it is

integrated in the first place the parental B. bronchzsepnca stram;sh/oty'he harvested in
a very early stage of their growth phase. Altemanvely, bactériophage .1 may be a

pseudolysogen for B. bronchisepticitiaﬁ but lytic for B. pararpertussis strains as

“«

: e
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evidenced by the carriage of the bacteriophage L1 even in clinical isolates of B.
bronchiseptica. The ability of bacteriophage L1 to form plaques on other strains of B.

bmnchzsepnca may exhibit the selective advantage that the B. bronchtseptzca AGI1-L,
i
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AGY-L, AG11-L, and AG11- H have in bemg able to survive the tnvf_eptlon of a lytic

bacteriophage. Resistance to bactenopha_ge infection may also confer changed external

bacterial cell structures such ‘as surface antigens and virulence determinants. |

Modification of bacterial cell surface is one wvay in which pseudo-lysogeny can be*

estabhsﬁed Perhaps other strains of B. bronchzseptzca not havlng the modlﬁed -

receptors for the bactenophage L1 are selected agamst Enhanced virulence may be
selected for in the bacterium due to the selective pressures of the lytic bacteribphage.
However, carriage as a commensal organism as seen in several of the reported

isolations of B. bronchiseptica’ (Little 197§, Giles er al. 1980, Rutter 1981) would

appear to be the itdeal lifestyle for a pathogenic bacterial species. It would seem

counterproductive for the bacterial species to increase its virulence when it appears to be

establishing a more commensal lifestyle with its mammalian hosts. The role of the ’

bacteriophage in the Bordetella species should be more carefully explored ’
The questlon of whether the, bacterxophage is camed asa pseudolysogen ora

true lysogen may serve to ﬂlurmnate the mechanism of the alteratlons in the phenotype

of bacterial pathogens Wthh may occur under the influence of tenophage. Recent

studies of the bactenophage of Vibrio cholerae indicate that lysogeny méy not be

essentlal for the increased v1rulence of strams ‘with bactenophage assocrated w1th them

‘ There 18 zrstnktng sxrpiéanty between Bor@ella bactenophage and interaction with the1r

SN

"-host cells and the bactenophage of V. cholerae and their host cells. .
“Vibrio chlolerae is divided into two blotypes cla351cal and El Tor. Wor, @

have demonstrated a possible relationship between lysogeny and virulence

»

~
-~
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the El Tor strains. El Tor strains could be typed into two groups, those that
release temperate phage and those who do not. Upon egamination of the El Tor
strains that release phage appeared to be the cause of a more severe discase
: :
while the non-releasers were associated with mild or relatively asyrhptom:uic
cholera. Phage eonversion has been reported in the form of changes in
serotype. The isolates survivingqphage' infection produced altered agglutinauon
, 'reaction‘s ahd“unlikevthose of the classical biotype, were variable and highly
unstable, With large proportion agglutinating with anti-rough antisera. Strains ‘

mamtammg their converted charactenstlcs were resistant to 1nfect10n by CP-T1

% 3 G
(putatwe tran ~'§° ;v_ .e) but could not be induced to releage bactenophage

-E

. ‘.
: therefore itis .%3,

own if the stable seroconverted strains were lysogens.

' Phage conversion by CP-T1 of the two cholera biotypes' is markedly different.
& :Fhe variation in surface antlgens on phage treated El Tor strams may be due to
'K V; .

selectlon of phage resistant derlvatrves which kave various degrees of

.. roughness and therefore different react1v1ty w1th{_the,antlsera. In contrast ,
: . - _E“ B . 3 e .

2N

classical strains appear to undergo a more' deﬁned-conversion which may be
' related d1rect1y to lysogeny by CP- Tl These phenomena are eomplxcated by |
the fact that CP-T1 uses the 6) antlgen as 1ts receptor. Thus phage treatment
may simply be selecting resistant mutants and not convertants. The temperate
nature of CP-T1 is in doubt and probably produces pseudolysogensﬁ Guxdolm |
i and Mannmg also were unable to emonstrate lysogeny by CP-T1. By ..
' Southem hybndlzauons with cloned CP-TI DNA fragments they were unable ‘
' to detect CP-T1-related- sequences in'V. chlorae strain 1633, a supposed CP- Tl o “

: _lysogen even though this stram had all the other charactenstles of V. chlorae

stratn 1633." (Gu11dolom and Manmng 1987)

™~
SLA
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This is very ?irn\ilar to the finding of Paloheimo et al. (1987) and Mebel er al. (1980)
with the pertussis bacteriophage. Paloheimo et al. (1987) reported not being able to
detect the Tohama I bacteriophage in the parental strain of B. DEertussis Tohvzrima L.
Bacteriophage L1 was found in‘cenai‘n strains of B. bronchiseptica, however not in the
integrated form expected of a true lysogen but rather as the virulent form of
bacteriophage, that is in its lytic éyele with several copies of the bacteriophage L1
having been produced. Whether the bacteriophage L1 is a pseudolysogen selecting for
virulent organisms in vivo , or a true lysogen encoding information that converts the

host cells tc a more virulent form, may have the same effect for susceptible mammalian

hosts.

4.3 Contribution of Bacteriophage to the Virulence of the Bordetella
species. |
AThe possible influence of bacteriophage on the virulence of the Bordetella‘,

: spec1es has been a recent avenue of research. Bactenophage isolated from several -

T

strams of B. bronchtsepnca (Rauch and Pickett 1961), and more recently, strams of
B pertussis (Mebel et al 1980) have been reported The presence of bactenophagevr
in any bacterial pathogen warrants 1nvest1gat10n since bactenophae_ are Kno. n, in
qertain cases, to alter pher’rqt-ypic properties including the virule 'ace of snscep ‘ble
“.bacterial hosts (see section‘1.5.2.1).%;2fhe poséibility of a role for baceriop_nage ir the

et

. virulence of the Bordetella species, particularly the possibility that bacee  [hage L1 ®

>
>

ma’y’ contribute to the viru'lence of B. bronchisep;ica will be discussed in the context of

v

1he present knowledge of both t}fﬁ known vxrulence determinants of the Bordetella

speeies and also the reportedinfluences of bactenophage on the Borderella species.



162

4, 3 1 Vlrulence Changes Influenced by Bactenophage of B. pertussu
The bacterlophage isolated from B. pertums Tohama I was rcpomd to
, increase the v1rulence and alter certain phenotypxc chamctensms of hctemTogous strains
~of B. pertussis which were judged to be newly lysogemc‘fo‘r the bacteriophage
- Téhama I (Mebel er..al. 198b) (see section 1.4.1). Fuﬁher, Mebel and Lapaeva (1982)
reported the conversion of the setotype ﬂof B. parapertus‘s.is : straiﬁs to serotypes related
to those of B. pertussis under the influence of the bacteriophage Toﬁuma . A proposal
was forwarded that the bacteriophage Tohama-I was a transducing bacteriophage,
. encoding regulatory genes for the expression or enhancement of the virulence of B.
' periu;sis strains (Mebel ef al. 1980). The reported conversion of B. Vparaperutzu:si;s‘ to
B. pertussis—like organisms under the ihfluencc of the putative transducing
bacteriophage Tohama I fuelled speculation that perhaps B. pertuss[‘s isolates were
lysogenic ﬁram&of B. parapertussis (Granstrom and Askelof 1982). Howcvcr
- other work%rs do not support the hypothesis of a transducing bdctenophagc producing
vuulentB Dertussis strains from the less virulent B. parapértussis strains (Mussu et
al. 1986 Anco and ‘Rappuoli 1987 Paloheimo et al 1987) (See section 1.4.1).
Although the reports of bactériophage involvement in changés in serotype, antibiotic
sensitivitiés, virulence and other pffenotypic characteristics of B. pertussis have not
been reproc uced, the origiﬁal Qb_servatidn's of Mebel etal. cé;nnot be totally discounted.
The possible effects of changing Lhé antigenic natﬁrc.ff the Bordetella species undér the:
mfluence c? bacteriophage could havc major rarmﬁcatlons on'the'design of vaccines
. agamst\pertussxs in humans or bordetellosxs in ammals to mclude antigens encoded by
. bacteriophage, perhlaps in the form of anhbodles 1o punﬁed bacteriophage. The
bacteriophage L1, being isdlatéd from a virulent strain of B. hronchiseptica, could

. ) . - . . . ’. . .
possibly in:uence the virulence of this strain of B. bronchiseptica perhaps by encoding
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genes whose products enhance or express “#irulence determmants for B. bronchiseptica

or possibly alter the antigenic nature of this strain in such @ way to make it more
rcsxsmvm to the animals immune system.
4.3.‘2‘; Pathogenicity of B. bronchiseptica.

Bordetella bronchiseptica has been recognized as a mammalian réspiratofy
pathogen smce 1910 ﬂut the mechanism(s) by -which the ‘organisms cause their
pathogcmc effect are stllgmresolved (Ferry 1910, Goodnow 1980). A complicating

factor in the undcrstandmg of the pathogenesis of the disease is the reported variation in

virulence of the B. bronchiseptica 1solates Much of the current research into the '

pdthogcncms of B. bronchiseptica is }b&;mg conducted in the swine industry where there

is considerable economic losses dug infectious atrophic rhinitis (Goodnow 1980

: g e .
Roop 1987). Several researchers ha‘fﬁ! orted variations in the pathogenicities of B.
bronchiseptica isolates for pigs. Réé&efbl. (1967) reported intranasal inoculations of

pigs with strams of B. bronchzseptzca isolated from swine, rabbits, cats, and rats

. L,aused only mild to moderatc turbmate atrophy. The same experiment showed that an

.;:'\,’

isolate of dog origin caused no turbinate hypcrplasm or turbinate atrophy. Skelley er al.

(1 980) and Miniats and Johnson (1?80) rcpbr;cd that several B. 'bronchisep,ric'a‘is‘olates

from hogs produced diff_efepces in the severity of infection in other susceptible swine.

Skelley et al. also found that only 50% of the porcine isolatés produced any form of
nasal turbinate atrophy in the inotulated swine. In addition, several reports of the

. "presence of B. bronchiseprica in the respiratory tracts of swine eonsidered to be free

from clinical respiratory disease indicate that the colonization of the host may not

a ,n’__cc-éssarily produce diséase (Little 1975 Giles er al. 1980 Rutter 1981). Collings

and Rutter (1985) concluded that development of turbinate atrophy was associated with

the ability to produce heavy, persistent colonization of the asal cavity coupled with she

¢ S

<y
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production of ﬁeat-labile‘ or dermonecrotic toxin. Roop er al. (1987) also rcbortcd
considerable variation among strains of B. bronchiseptica in th%&ablhty to infect and
prodLLée lesions in young pigs but found a positive! correlanon between v1rulcnu: and

' the quantitative production, of de'rmonecrotic toxin . In addition, Roop et al. (1987)
determined that some ph.enotypic characterist‘ics that h‘;d previously been associated
with viruleﬁ.tl‘{)r phase I organisms, namely domed, smooth colony surface, hemolytic

- (Dom* Scs* Hly+) coionia1~phenotypc on Bordet-Gengou agar, hemagglutination, in
vftro attachment to ciliated epithelial cells, and adenylate cyclase activity, did not ulW:lys
correlate with in vivo virulence er the B. bronchiseptica strainswexamined (see section
1.2). |

That bacteriophage may be inﬂuencing the virulence of the B. bronchiseptica
isolates becomes a possibilty in light of the unknown nature of the virulence of B.
bro"nchisepticcrz isolates, the poss.ible influence. of bacteriophage Tohama I on B.
pgzrtussis and B. paraﬁertu;sis strains, and the reported isolation éf bacteriophage from

thirty eight of forty eight strains of B. bronchiseptica isolated from several mammalian

‘ ) o , .
hosts (Rauch and Pickett 1961). The strain of B. bronchiseptica from which

;

I-

bactenop\'xage L1 was 1solated came from an cspecxally virulent. oytbreak Bf -

bordetellosis in a Green monkcy colony. B. bronchzseptzca has bccn assocm‘gﬂ yvx_t‘h
3

pneumonia in primates. Seibold er al. (1970) reponed that 27% of bronchopncumomd» ‘

cases in Calwebus specws pnmates were. associated w1th B /)wnc.hzscmzaa The

) ~N . ‘ %.r.. _‘ [

bacteriophage L1 may be conmbutmg to the v1ru1encc of this pamculd strgm @fﬁ%

S . 4d
25

bronchtsepnca The bactenophage L1 may or may not conmbute to lhc v‘mlcmc’o{
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determine which mammalian host is susceptible for colonizati"on and inféé‘ffdﬁ'é’bpth,;;
within species and genera of mammals. Further investigation of this hypothesis may
include a comparison of various mammalian hosts infected with various B.
|

bronchiseptica strains either darrying the bacteriophage L1 or cured of the bacteriophage
L1. E)éamination of the colonization, virulence and expression of putative virulence
factors wou’ld be possible. Barring the use of animals, assaying variious strairs of B.
bronchiseptica for virulence detcrminant§ upon exposure to .the bacteriophage L1 could

be useful in illuminating the possible éffect of the bacteriophage L1 on the virulence of

B. bronchiseptica isolates.

4.3.3 B. :parapertussis and B. avium
B, avium is a relativcly new discovery thgifcforP even léss is known about
organism with respect to pathogcnesis;h‘an the other members of the Bordetella
\pecies. The 6rganisms are serologically related to B. bronchiseptica strains isolated |
from swine (Hinz er al. 1979). They also have a sinfilar epidemiology, with young
birds being infected more often than older birds, showing similar histopathology and
clinical symptoms to B. bronchiseptica swine isolates. If the bacteriopha;ge L1.can

-

-placiﬁe on strains of B. aviwmn, this can be seen as further evidf:‘nce that B. avium
belongs in the genus Bordetellae. In addition, examining the virulence of the B avium
isdlates in r(:»lation to the bacteriophage L1, similar to the way proposed for the B.
bronchiseptica isolates may elucé%ate the pa;hogeneSis of the B. avium for the young
birds. ' T R

No bacteriophage have been reported to date from strains of B. parapertussis,

however B. parapertussis strains appear to be host cells to both bacteﬁophagc isolated



166

from B. pertussis and B. bronchiseptica. The role of bacteriophage fin the pathogenesis

of B. parapertussis infections is unknown.

4.4 Relevance of Bacteriophége L1
As stated earlier in the discussion, the bacteriop.hage L1 can not be discounted
from adding to the virulence of the B. bronchiseptica strains. 1) There is evidence that
B. pertussis strains have an altered virulencve phenotype influenced by their
bacteriophage; 2) Bacteriophage have been isolated from several B. bronchiseptica
strains, and there is a great variability of virulence among B. bronc‘lzi.s‘ebticg?struins.
even within the same species of mammalian hosts, which prevents attempts to éorrclutc
‘ known virulencc factors with all cases of the disease. Bacteriophage influence on the

\‘, ~

virulence of B. bronchzseptzca should He examined more closely. i en g
V A practlcal,extensmn of the present work is that bacteriophage L1 could be
developed asa clomng vector. An advantage would be the high copy number of the
bacteriophage produced as compared to that achieved by plasmids. The bactériopﬁagc

L1 could be proPagated on several strains of B. barapertu&sis and B. hmnch[septica as |
suggested by tfle ability of the bacteriophage L1 to plaque on the above mentioned
hosts. In addition, the recombinant bacteriophage'will infect viable, susceptible host
cells without having to make the bacterial cells competant as is ncce;sury for
¢ _..dransformation experiments. The bacteriophage DNA appears to contain the same
modifications as/the hofst Bo)rdetella species (seé seﬁction 4.3.3) such that the c}onin‘g

vector DNA wéﬂ;ot be degraded by the hokst restriction-modification system. The

bacteriophage L1 is also very stable, and can be stored at 4°C for as long as six month

periods.
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To create a cloning vector, the genome of the bacteriophage L1 must be mapped

in order to determine which genes are essential for bacteriophage propagation and those

which are not. After introducﬁ.pn of foreign DNA into the cloning vector, the

recombinant DNA must be of a suitable length to package once it has been transfected

into a suitable host C;LY Plaques cannot form if the recombmant bactenophage DNA

J.’—w/

‘ does not have the ncccssary information to code for a bacteriophage particle.
| Conversely, the larger the piece of DNA that can be cloned into th_é vector within the
limits of the essential DNA, the more useful the vector will be for mapping the bac;en’al
genome and creating gene ba\nks.‘ Bacteriophage  is widely used as a cloning vector.
_ Approximately 40%<of the genome is non-essential for bacteriopha .- p '~ _ation. The
bactcnophage L1lis approxlmately the same size as the bactenoph e A an 1ay Have a

§1m11ar amount of non- esscnual DNA which can be substltuted with cloned DNA The

Tohama [ Bacteriophage genome was reported by Paloheimo er al. (1987) to only be 30
kb in size. ‘In this .case, the bacteriophage L1 may be a more suitable bacteriophage;
from which to create a cloning vector:
The bacteriophage L1, if modified to prevent its- spontaneous lysis.o‘f th'
bacterial cells, could be used to introduce new pieces of DNA into the bacterial hosts.
', If the bacteriophage L1 is a 1y§ogenic bacseriophagc with a very éensitive triggering
mechanism to enter into the lytic cycle, modifications to ;hi_s region could create a more”»
stable Iysogcn. However, if the bacteriophage L1 is a oscudolysogen, it will only
reproduce by t;lc_lytic pathway. It will be more difficult to construct a lysogenic
bacteriophage from a lytic bacteriophage. Lysogenic bactenophage reg{uu&the ability to
* participate in the cross-over events that would i integrate the bacter}bphage g;nome nto. -
the bactenal chromosome in a Jocation in the bacterial chromosome that would not

create a lethal mutation for the bacterial host. In addition, the b:i&feriophage would have
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to have a repressor protein ,available.to prevent the bacteriophage viral, lytic genes from
being expréssed until necessary or remove the genes responsible for the lytic cycle.
The pgssibility of interchanging DNA within the Bordetellé species could further
illucidate the interreationships of this closely related gcnﬁs. The poésibility of
constructing Bordetella species with the desired phenotypic traits could bc useful in the
study of virulence within the genus. _ .

An, mterestmg application of bacterlophage moleculdr biology has been
forwarded for the exploration of the host bacterial chromosomes.

"The phage genome must code for a protein responsible for DNA packaging
into mature phage particles. In the case of V. cholerde phage CP-T1, the pac
gene codes for a 12,900 dalton DNA binfiing thein, which by analogy with

| the studies of the Salmonella bécteriophage P22, could be an enzyme that ‘
recognizes and cleaves at pdc . A transposon containing the pac gene has been
- constructed, and attempots are being made to use it to obtz;.in high—frequenéy

-

generalized transducing lysates of V. cholerae. The rationale is that if the
;ackaging system has a high.afﬁn:?ty for pac, then the introduction of this
signal into the chromosome wcuid result, upon CP-T1 infection, inproducing
phage particlcs with chromosomal DNA, and the frequcncy at which th

markers were present would be dependent upon the distance from the ; pacsite -

and on the orientation of the pac sitt." (Guidolin and Manning ‘1987)

!

o~

Plasmid vectors exist for B. pertu&sik (Wciss 1982). A mlidjﬁ¢d¢]'asmid
vector incorporating the packaging genes of the bacteriophage L1 could posubly be a
means of shuttlmg DNA from B. bronchzsepnca to B. pertusszs or B. parapfrtusm A

limitation of using bactenophagc L1 is its apparem mablluy to infect B pertussis
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strains. However, the bacteriophage Tohama I may be a possible candidate for

2

dévelopment. of a clning vector for the B. pertussis strains.

y
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APPENDIX: , ' 103
Media | |
Bordet-Gengou Agar (BGA): O

The BGA consists of the following :

'_‘;/;-glycerol (glycerine) 10 ml ¥
Milli-Q™ water | 1.01
Bordet-Gengou agar base (Difco) ‘ . 30 g
defibrinated sheep or horse blood 13(1 ml

The glycerol was dissolved in the Milli-Q™ water before the addition of the Bordet-
Gengou base. After each addition, the medta was well mixed. The mixture was
autoclaved for 25 minutes. The autoclaved mixture was allowed to sit at room
temperature for 15 minutes before being placed into a 52°C v water bath for at least 1
hour. The blood, Wthh had been equilibrated to room temperature, was added
stenlely to the cooled agar medium. The agar was poured into sterile plates in ~15

ml amounts. The plates were allowed to dry at room temperature overnight dnd

transferred to large metal boxes for storage (see section 2. 2)

-

- Lyclodextrin Solid Medium (CSM) : (Aoyama er al.  1986)
The cyclodex‘tf‘in solid medium consists of two mixtures,_the CSM basic -
medium which is autoclaved and the C\SM supplement which is filter
sterilized artd added to the cooled agar.
CSM basic medium

sodium glutamttte (mono) ‘ 10.7 g
L-proline  o024g
" NaCl . | | 25¢g
KH,PO, T 0sg

KCl 02¢g

~
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~ MgClp-6H20 o 0.1g
CaCly - 0.02 g
Tris base : | 6.1g
casamino acids (Difco) | 05¢g
heptakis (2,6-O-dimethyl)3- ’
cyclodextrin (Aldfich) " 10¢g
Bacto agar (Difco) ' 180 g

- The above listed compounds were dissolved in ~ 0.8 1 of Milli-Q™ water, the pH

>

of the medium adjusted to pH 7.4 and the volume adjusted to 1 1. The mixture was

autoclaved for 15 minutes. The autoclaved media was Slaced in a 56°C water bath

for at least 1 hour before the following CSM supplement was added:

SM lement; .
L-cysteine (mondhydrochloridc) 40 mg
FeSO4- TH,O | | 10 mg
Ascorbic acid 20 mg
Niacin L -  4mg

\l Reduced glutathione . ‘ ' 150 mg

The componehts of the CSM supplement were dissolved in 10 ml of milli -Qm™
water, filtered stenhzed w1th a O 22 um Nalgene filter and added to the cooled 1 L
volume of CSM basic medium. The mcdla was mixed by aggltanon and poured in
15-20 ml volumes into 15 x 100 mm stenle disposable Petri dishes, allowed to set

at room tcmperaturc for 24 hours before storage at 4°C (see section 2 2).
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The Stamer—Scholte broth consms of two separately prepan:d liguid

components, solution A and Solution B, that are mixed after sterilization

procedures.

¢ Solution A: (autoclavable)

sodium_glutz}inate | 10.7 g
'fris (Trizm; Base, Sigr}ﬁa) ;\ ~ 6.12_gl o SRR
NaCl N o a2sg |
- L-Proline : i ‘ 024 g
KH,PO, (anhyd) ' 0.5¢g
KCl o 02y
MgCly6H,0 ) 0.1g
CaCly-2H,0 . 0027g

The above listed componcnts were-dissolved in ~ - 0.9 L of Milli-Q™ water, the pH

of the solution adjusted to pH 7.5 with concentrated HCI (about 4 ml HCl per liter

solunon A) and the volume ad]usted to 1 liter. Solunon A was autoclaved for 2()

/
minutes at 121°C and. 18 psi and al}owed tc cool to room tempcraturc. The _

following supplement (soludoo B) was added to solution A when it had reached

room temperature ’

Solution B: .

A

L-cysteine-HCl - - 27.'m_g
FeSO47TH0  10mg.
Ascorbic acid ‘  20mg ,
Nicotinic acid o B mg
Glutathione (reduced) . ' ©100 mg

- The components of solutlou B were disolved in 10 m! of Milli- QTM water filter,

stcrxhzed usmg a0.22 um Nalgene filter and aseptically added to 1 lxter of solution

LA
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A at room temperature. The complete SSBsg medium was mixed by swirling the

liquid, then dispensed into sterile 500 ml Wheaton bottles and stored at room

‘temperature untl us.. [he medium was used within 1 month of preparation.

S!il'ng[-SghQIIg Agar (SSA) (Peppler 1982)

The Stainer-Scholte agar is base on the Stainer-Scholte broth listed in the preceding
section, but with the following modifications : \ '
Modified Solution A: To solidi‘fy the medium, 10 g of Nobel agar (Difcd)

.

was added to each liter of solution A, autoclaved to sterilize, and cooled in a 56°C
waterbath for 1 hour prior to adding™he modified solution B.

Modified Solution B: In addition to the supplements in solution B, 1
gof k >A was éidded to solution B. Solution B with the 1% BSA was filter

sterilized using a 0.22 pm Nalgene filter and aseptically added to thé

modified solution B. The resulting agar, SSA50 with a 0.1% BSA Supplement,.
was ppurcd in 15-20 ml portions into 15 x 100 mm sterile, disposable Petri dishes,
allowed to set at i ‘om temperature for 24 hours before stdfage at4°Cin large m;atal

tins. . v 1



