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Blcterilinlheirnarurdenvironmeuurefanedwilhpredasioubybalh

emlmUulardefeluemechlnilnump|enmuu:kbyhlaeliaph||e|.|ud:uLhe

pmq»¢¢i¢¢¢f|¢¢p¢|n¢ur»um¢hy¢f.mum¢muudamdb|¢miapn||¢

reeepmninlheoellumll. 0neetheDNAof thehlc:uiapl|||esilinjeeledinlo

d|eb|neddaelLblduiasdHhlnmi|:|:;u1aminu|oeUuhrdefememechuiun

l| | .i| I|ph|¢|o|idnall| fn|mdiffcnentlpuie|o|h|:1e|ia. 1\|i|i|knom1|s|

h o q | - m m ra lle d D NA n s t r i u i u n ln d m o d i 5 c | | im l ys le m .  ~

m a i a n u m m u m u m u m u m n m m w i u q m m w n s i g n m i m

Ilan-|elfDNA. 11|isrem|||itiunispnu|bleboclusetlleb|¢1crildoellluuils

DNA melhylation emymeugwhidlmmlilulellie 'modilic1.ion'p|.na| the system.

1ome|hyhmespedli¢si|esani|smmDNA. AnyfomeilnDNAn\aleri||llh||does

nor uhibia memhylazion at :hc specific sites charncueristic so the hom DNA Ls

reargniznd as non-self and restricted by the hosfs restriction enzymes, which

mm| imaed|e '1¢suidan'p|no¢| ||e=Hpme¢| im|y | |¢ma|; innim|dh| |

DNA 1 n¢ ¢ pu¢ i | ¢ mm| ~¢ f ¢ r » m»u¢ ~¢ a ny uuumHum» ( \ o s z) uu

funh¢rd\|n¢lerindbyBena|1|i|ndWei|1g(l9S3). How¢ver.|molea|||r

u p u u m n w a m w m i d ¢ a b y u u = r m n a m u ¢ q u ¢ ( ~ h ¢ u m m u i : .

1 9 a z; D \ » mi | m/ ub¢ r . mz;

Restriction and modification (R-M) enzymes are common in mmy bacteria

and restriction enzyma have prcdanjnately been isolated from baderia. A [cw

RM enzyma have been Lsdated from eukatyotu such as Soul from the yeast

1
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ff -~ r 'a -»- .T. u (Waube et M., 1983) and Cre! from the algu

" ~ f' ~ ' '~ ~ nh" (Skhr e t al. 1986). A recent review (Rubens. 1990)

reponedlhepresenoeofmorcthm l3{l3uniqueres|.ric1ianenzym¢§which

sugesuthepmbabililytha1moreLhan13ll3R-Ms3mae:mof|enumaycdsL

Bm¢n0phq¢¢,mm¢ou»¢rhu»¢n¢»»¢z¢¢rnedm1iv¢»4ma»¢f¢ms¢u0n

systems of their hom by developing a wide range of self-defense mechanisms.

wu¢¢;iv¢;y cnlled 'mti-reslriaion mechln.i$ms". which allow the buicrioplngu Lo

avoid the effects of restriction The diffcrem 'anti-resu'iction" mechanisms wl1id1

uw¢mpu»¢»mv¢a¢v¢|»p¢ai»am¢¢n¢pm¢¢|unu¢m¢imu¢mym¢m
q»af»¢||ym=0uhl=(mdily)u=n¢¢rwpm|¢nNA;»um|uumuu»¢n»¢

m=nly||um¢mm¢mnmuy¢n¢|»¢umpu»¢¢ DNA b¢f»f¢u»¢|mu'»

mui=¢i¢¢|y»n¢mipmv»uainwu\ion;u¢¢nmiv¢|y.m¢n¢»nr¢an=unn

¢ndondeua|neinhIb|l¢d.i|||ddi1ion\oll|edesmm|onof
S-adenosylmcthionine (AdoMci), which is a restriction endonuclease cofactor

(reviewed in Kruger and Bickk. 1983).

I

The R-M systems are classified into three types (Yuan, 1981) based on the

chancteristia of the enzymes which function together in the system. The R>M

enzymes durlcterislia include DNA cleavnge spedlicity, structures of the

proteins, requirements for cawytic activity (such as ATP Mg", md AdoMez),

md DNA recognition sequences d the proteins (Table 1) (Yuan md I-iunilton.

1982). The three different R-M systems known today are designltd type l. rype

lt md zyp¢ ul.

Type I ind type Ill are complex multifunctional systems. Modification

mllrylucs modify DNA within thc rcwgnilion site but the ralriciion
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TABLE I. Chnracterislia of ralriction and modification synerm.

1yp¢n W wll l1yp¢lCflunclcfifiiwii)

Sinckmuau
f umv nd

Sin gk mul ti
f u n a i o n d

Sepunu
endonudeue
Ind melhylue

n m m s m  a n d
modi fi c ati on

enzymeenzyme

z1Subunit; for 3
fanfiction

lo r23012 1Subunin for
mo d i f i a i i o n

nv. Mg-
(AdoM¢l)'

Ms'Aw. mg".
Ind AdoMct

Colaaon lor
restriction

AdoMe|. MyAdoMe|AdoMel,
(ATP, Ms")

Cofac iors f or
mo d i i i a i i o n

None NoneATPase0 ¢ ¢ r  : N W N
topoi s omerue

nEooR1:GAA l`1... \Pl:AGACC
usually two-fold sHini1ll:t'I`»AAT
rymmwr

£K:AACN,£1 l"Lil.
sB:'l"GAN,R.iL'l

Sv- Hs==fv or.
r eoogmuon me

spmnmy meSpecificity silespmnmy siteDNA  me thy h li o n
size

25-21 bp from
s p ec i f i c i t y

sa l e

Random. ll teas: Specificity sit:
MIX) bp from
spcdiicity site

DNA cleavage
site

' Compounds in parenlhucs stimulate activity. but are not required
(Modified from Yuan md Hunilum, lm md Bidic. 1987).
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endom|de||e|deaveouuidelhereen|||ilimsequenee(B|dk.l§1). lnthelype

ll|y| lem,| litesndlheoornqanndilgnutricdonsilalie

uilhi||lhenmeq\edlielequene:(Bidle,l9l7).

I h e : y p e h y n ¢ mw u ¢ h e 5 mr o mg n i z c d R - Ms y u e m. "lhisis th ¢mo\ l

aJ mplc xo f lh ¢ Lh r c e l y £ t c m5 llK li 5 fo u nd i nL h c £ n !a vba c 1a ' i n o nM. S o f a r _ |

t o | . a ! 0 I e i g h l d i f f c r e n l ! y p e l s ) r s t c ms l r e k n o wn i n " " " " " * " Ca li l nd h ave b ee n

su b -c lns s i l i o di n lo  th r e e f lmi li e i kn n wn u th c ' Kf u ni ! ) " ' 1 | r l 1i c hi n d ud a &h e K. B ,

m o w n y § ¢ ¢ ¢ m a £ w u m d = z » ¢ ' A f m u z y - w m ¢ s » a n d u u ¢ ; A ¢ n d E ¢ y p ¢ | -

sy u e nu o I £ .ml f {D a n i ¢1 ¢ u u. ,  1 98 8 ) . Th el l li r df i sl n li l y o on s i s t sd p lu a ni d

enc xxled ty pe lsy stc ms,  known as Ec oRl24,  EmRl24{3 and EooDXX}  {Fi rman

et ad. , 1985;  Piewowia And Goguc n,  1986) .

Tbegenesv/Md1code(orlhe¢nzymaof thcryp¢lR-Msyslemue

referred to as the hsd' genes (Arber and Linn, 1969). The had gene dusler is
9

compri sed of three struc tural genes. The !udR gene c ada for  protein whic h

funciiom as the restriction enzyme and is respnnsiblz for restricting speciiidly

mn¢¢|»yu¢¢a(»|mmuis¢a)nNL Thelnn|M|¢||¢¢d¢sfmlh¢n|¢|||y|a|¢

e|qn|ewhid|¢smqaedf\e|||ym¢¢hyh|¢|denmi|\enr¢y\uin¢hlus.lh\u

m¢iryi»|\h¢nNA|mpm»¢\in¢n¢mmm¢»na¢u¢\h¢nukpfndu¢L The

l||lS|¢n¢pmd|¢\ea||ve|s|ped|idlywlheR-Mwyuemby|I|\min||he

' ' ' mmp|:|mmu:|niaqaed6c||monlheDNA.

1 h e h n d ¢ e n e s o f z y p e l R- M e r n y m e s h a v e b c e n d o n e d f r o mx ve r a I

s z r m i n s a f E c o l i n n d " " . ' " -Ha. ln E . m£ i , 1 h e o o mp le L eh . n d g e n e s o l l h e K . A .

and Esy stc ms (Saina ndMurny .  1980;  Ful ler -Pac e old. .  l93 5;Sur i  and Bic kle.

I 9 8 5 ) . l n d th e h n d Ma n d lh e f L n d 5 g c n c s o f  t h e B ln d D s y sl c r n § h a vc  b c c n

\
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d°ma(o°\»;nmaMumy.|9¢r4) lns¢bm »¢ua. \h¢fm u|mm¢ msam¢

SB,SP.andS0|yuenlhav~ebeendoned(Fuller-hoeet|Ll%4). The

mawua»°qu¢m¢am¢¢nur¢x»y»¢¢m,uw¢unm¢nha¢°na¢»¢qum¢°f

\he!unL9|eneoIlheB,D,SB.SP,mdS0|ys¢enuhubecndetermined(Gough

md Hvmy. lE;Gmn cud., 1987; Loenen etld., INT). lnzereuinglygll type

lMdlenedusmnhaveesendaHyidemiadlenem1$er.whichoomi\uof th:oe

|enesinlhcsequeuoe,hndR,hdH,mdh.|d5. lher eue hs upumo uninthe

Ind genes (Slim and Mumy. 1980): one promoter. P, directs the tnnsaiption M

thehm'.Rgene,andasepante; " "'.P_,, upstreamfromh.ndMsen»es for

both1heh.m1Mu\dtheh.ndS:both_" ""-""neadinthesamedirect iou (Pie 1)
I

11|¢lypelrsuiaiona||dnwdi6alioneluym¢sin£wliunimK-l2and

Bhavebeen well smdied. 'Iheenzymes eouulndurce dillenenlmbunixs,

R(MW |3s,wo), M (MW azoon)_mis<Mw 55,(lD).thepfoductsoHndR,

!mnlM,m1dhsd5¢c nea, ~_~- - l y ( S a i n ln d Mu r r a y , l 9 8 0 ) ( F | | , . l ) . Tb e z y p e l

h m f g e n e ¢ a r e l o c : t e d | \ 9 8 . 5 mi n o n L h e E . a o & i c h r o m o s o m e mn p ( " . " ~

1987). Two f o n n s o [ t h ¢ c mz y n 1c h a ve b e e nr c c o g n i z nd ( Y u a n md Ha mi l t o n .

w a z ; On e o o u s i mo t . n » o Ms u b u n i ¢ s md o n e 5 s u b u n i lwh i c h e l n p ¢ r f o r mmh ¢

~ A r » o t h e r f n n n mm i s u o m: wo R s u b u n i \ s . twn M

mb u n i t s md o n e s s u b a mi t . Th i s f o r mo l t h e c n z y r n e i s m u ! " . " * ' . * ~ n a lmd a n

f u n a i o n  e i t h e r  u a  ~  c ~"° ' vu or  modi f c ai i on mc thylue depc nding

u p o n t h e m c " L  ~  s u m s d l b ¢ ' . » " " ~ i n th c ro m| 1 1 i L i o ns e q u e n a ¢ .

W h e n th c r e i s n o mc L b y h £ 5 o n o n e i l h e r D NA 5 tn n d a l l h c m mg n i i i o n s i l lbe

c n z y m c wi U w o d a s l n c n d o mx l e u e ; h o w ¢ v e r , i l w i l lw o r k u l mc l h y h s e i f o n l y

o n e u r | n d o h h e D NA i s n 1 c lh y i | t e d . r

\

1
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f

FI G.  l . The h.dK genes of E. coli K - l l The h.| dK genes,  md thei r di r ec tion
of  trmsc r iptjon are indic ated. Three protein subuni ts.  R. M. and S assemble i nto
the two forms of  r estr i cti on and modi ii ati on enzy mes xs shown

\
\
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11:el||dSle||epmduelilrelpn||siblefolthebindinldlh¢enzymlen\|

~ 5ev¢n||DNArem|||itionlequeneesinlhelypeI

|ylu|lhlv ebeenidemi6ed(lAmulberle|¢1d.lWl:Kaneld-19'79:Sanulr

gumllkf'  l9`N:Sulie | |d. .  IN4;N||\ |15ia eral. .  Im' mils .  mam All

reeognitionsequelwesnrealasimiluputemonuitingolnmshorgdehned

re|iml|ep|rudIq|q:|oerdfmndkn|th.hutnon-|pe:if|cmquenoe,s|hown

inTlble2. BudllelaL(l916)hlver¢pu|1edauniquelpecilici\y-sit¢hyhli¢LSO.

d m e s m wr h q m m s rm a s n .  R wm b i m iu m b g n wm u u m s

|eq|.|enoesdSPu1dSB|auerisem:hyb|idnm;|\iUon|equ¢mewI1ichmmisu

nhheupureamv rem||litiondomli|1(3bp)o|SPmdllled0\vllitream

3' reongniliondomsinh hp)nISB(N|||rljaeud.. l9l5b: Fuller-Paoeeld.

198|:). 11|ilremmhinalione\remoeuuudh\d\elploerrelionollllelpedfidly

|ene. Whenlherecngnilion domai|uinS01»ene rcversed.|ne\l||:|eciEdly

sequenoe.Sl,wureealnizedbylheimenspeci6dtypolypeplide(Gmne||d,

|g¢7). 11:e|.bilily m'cru¢e' newspecifscisy :iles may ullimllely ndluwone to

engineerreltricllionenzymes with desipulcullirlg tiles.

Ihere is strong ewidena that members of the sanie family of the typel

R-M systems are genetially related tb each other (reviewed in Bickle 1982).

DNA hybridization experiments using a probe derived from the hd genes of

E. coli K-I2 have demonstrated I close similuiiy between the IudR and hrdM'

germ of E. coli K-12 and those of se\rera1other had systems in the same family.

Their allelic nature. lhll is the presence ofhsd genes in the same loation on the

chromosome has been mnfirmed Ryu et ai. (1988) reponed the possibility of
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Rcuriction recognition sim of type I md type IH R-M systemTABLE 2.

Recognition sequence ReferenceWWEnz yme

n lu » | . l7 nAA
.. .muxnnwcgoo

lEQDK

s m u a n a a a n m u v v eIm s

1 - _

Nv r r i la mls mc' n
AA n

m n I

s¢ | i u ¢l_ ws aG 4 6I£ m A

Co¢rllelaL,l%'9GAGNNNNNNNATGC
ACG

IE m i

Nnur»i l= | al.. :9esbGAGNNNNNNRTAYG
gnc

xm e

N r l j . | d n l . l Q $A4 c
TTUNNNNNNCAVG

ISw

N»»r\i=uaL.19as¢Mmnwwumnvc
TFGNNNNNNYAWC

Im e

Gnn e| | d1 §\ ! ?GAGNNNN-Nncmc
YG

x595'

rri==a»1.19s9- . . 1

AGC
Im u m

m¢=.=¢.L,19s9m e
AGC

Emu/3 I

Pidaralr i alnd(3c | | | n, Im ~ m m M af m n x x l l

Badie| | | . , l9?9[ I l w w e
w m a

Eau! !

Hulia¢|.,1979qcxpso
crmmc

m m i n

>
/

I&1|maau|1,1oa|o m w r
GCTTA

s h u n I l l

D¢BadunndCDiCl. 1991CAGAG
u U "

sfyun I n

N- nevada. - -. . . . . : . . . n .m=.|:»h¢.v.¢hn-TE-hr.
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thee1isteaceoi|newfamilyof1ypelR-Msystembuedoncomplem¢nmion

smdiesbetweeneiglsl R-Msynensindih`erenz5abnoneHaspedu(allue

nB~linkdl|.ndpne|),¢h:K|ysl¢mdBooli,andlheSBvys1¢mnl
/

gwghwim. Nomdlheeightk-Msydemwnlpknnnleddnrsuiadm

u1ivilyd¢heK|yuem\ndo|\\ylvnR-M|ystemsSM(S.mua|d|a|)|ndST

{Szhan;mm).showedwukmrnpl_gmenulionof:heres1dcdonaaivitydlherI

butno¢thcr,. lnldditk:n,DNAfromeilhlSabmrl:iln:pedeawashybtidimd
|

wilhh.|d|ene|xobcsfromt}\cAmdSBsys1cns. Neithcrpmbefromlhe.-\nor

sB¢ ya¢ nnlmw¢dmymmanlywmh¢ DNAfr°mm¢¢i ;mf » ' ~

;L - ~,aweakbo|no|0|y¢ri¢tsbetweenthcvarimnhnd5gcnainLb¢umc

f1mi}y{N||anja elnl., 1985; Dmieleul., 1988).

Tw=ll¢°=ym==lfflh¢=1m:>|¢f\=m°¢»¢ll\¢01r°=frP=\ 'Dievul

mnjoriryanfuheknownrestriciioncndonudasesbclongznxhinype. Thcymnsin

dt w o d is d nd p r mc in g ar e s u ic t io n e n d a md eu c a n d a mod ih a l io n me t h y h ie .

bmh o I wh i d 1 s pe d { i u 1\ y r e u og n i z e c o mmo n nu d o o d de s e q u en e é wh id 1 n r y

\
widely for  dif f erent R-M systc rnf . DNA recognition sequenc es nomuli y 00ClLluin

9

fmm4zo8¢ped1icmdeo¢idesw1|id1mayberoudona11ysymmnric

(pllindromic)or asymmetric. Type II "~ """.""' endonuduses require Mg" for

aaivisyandueronninelyuscdin" . " . b u m . = ~ - a m m m a r

a.bility£oa|tDNAspecifial|ywi1!1inornearihereoognitionsi1e~ lhegenesfor

moilolthetypellsystexnshavenolyctbeenidentified. Someiypellgenesanc

iocnwdonmmnlplasmidgnachasadltbezypell ~ - ' - ~~ fr om

E. r:oE {W51S0n. l988a), PneRTl from "*' ~ ' H »"_-" 1r (Iheri.mit md

R°y-19l¥2)»=ndf'wllff°¢l=Pf1=¢¢=»rwbf1fif(Blum¢n\h=Ll¢1Id~ was). Olhcr type
I
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II  r atr i cti on endonuclease; are loc ated on the chromosome sud:  as Dpal

(5"iPf0¢"¢=" ,P - r  "~  M) , Dp r | I l  ( Di ploc oc uu  : n " M " - ) . P s 1 I {Pravidalda

m a m  T a q l  ( 1 ~ ¢q| , . ¢¢f¢w YT- I ) ,  ma HMI  mnaww-ww f I ¢l¢v\0b¢5¢1")

{wi i »on.  19380. However .  the P0-= i \>i1iw lhll the genu wuld ui sl on a IHS#

p l a s m i d h n n o t b e e n r u l d o u l . l n d i s y s te ms f o r wl l i c h th e lo c i h a ve b e e n

map ped . lh ueR-Mg en eso r f  the nnmesy sl c mh ave bee nc lose 1y li n ked ,bu tha ve

v»;i ¢b|¢ knglhs. orders,  and or ientati ons (Wikon,  19881;  W i lson and Murray ,

1991). Funhermore,  no signiti ant homology  has been observed i n al least 13

ty pe ll sy stems in which the entir e R-M penes have been sequenc ed (Wi lson.

19880.

Ty pe I I I  RM enzy ma c ons i st ot f our  members,  Pl FI S ,  Hi nf l ll ,  an d  L l l

(Arber  and Dussoix.  1962;  Arber  me W aulter -W i lli ems.  1970:  Piewowia md

Kmlinoskn.  1974; De Bac ker and Coison.  i 99l) . 'Ute r estr i c tion endonweasc

consi sts ol two ditTerent subuni ts,  the products of the r estri cti on and modii iatjon

genes mr  and mod. W ;  ~  ' l y . Thi s multi f unaiond enzyme c an per form ei ther

restri ction or modi f ic ation activity (Hldi  et al. , 1983; lid; et Ll.,  1983) .  W hereas,

the modifi cati on methylase c onsists of the mad gene produc t. The mewy ia ti on

si te i s ~ on the adenine base on one suand of  DNA at a spec i f i c  site whic h

mly  present 1 problem for  the c ell dur i ng DNA repli ati on. However ,  nlthough

th e m e c h a n i s m i s m ty e t k n o w n i n t h i s Gs ¢ . lh ¢ u n r n o d i f i e d D NA i s mm h m N

protected. Ute restri ction enzyme requi res ATT.  as does the ty pe I R-M sy stem.

However ,ATPisn ot! r y drol y zedi nzhe rea¢1 iomL l1 1e pr od u ao [L he re s ge ne  o f

P15 hu a MW  of l06. tI I ) and i s requir ed f or  restri c ti on only ,  whi le the

modi fi cation gene product of P15 has I  MW  of 15000 and is nec essary f or  both
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rulridion ma modifiaiion (aiwc. 1932: lids ex al.. was) lidlnndhis

w1 | e q 1 . | u ( 1 9 8 3 ) a l s o \ h o we d L lml \ h e ma d | e n e p r o d u a , " " ' ° " t b c sc q u c n o c

, p ¢ d 5 d ¢ y  f o r  b o t h  t h e  ~  a n d  mo d i f i a l i - o n "  ~ an d  D NA

h¢ te md u p le xn u d i e s i n d i c a 1 e d tb a l l h e r e s u i d i o n g c n : s o I P 1 a n d P l5 a r c

homologous. " | h ¢ D NA s a ; u e n o e s o h h e P 1  u 1 d th e P l5 wr ,  ~  o p e r o n s

w¢ n e mm p u e d a n d s b m v e d t h n t h e s e q u e n o u a 1 | h ¢ S ' e n d md ! . h e 3 ' e n d a r c

h i ; h l y a o n s c f l ' ¢ d . b u l  t h e c c u z n l  s e q u c n o e s a h  ~ ~ " q (Hu mbe li n e tnl . .

1988).

Apodblenypewk-Mqnemwsprnpmedbyhlmaywmdhk

m l u g m z l o u y w m a m m m a s w m m a w i n n s v m c u l m

Gnmaumuemmia-un-sr. Bolhreslriaionendmusdeaesieongllizea

hennldeotidelequence5'-C'l'GAAGand5'-C1"GGAG. f¢°P°¢\i"¢\!- The

enzyme|sI|nsimilulunaionudthlyp¢IlIemymes.s|:hsdeavi|||DNAua

»i|¢m:14ma»¢daun|yn»¢mnu¢nmpium|¢q»¢n¢=|.n|*°af¢quir¢ufo¢

d u i m n m m a m m m m m m i r m m q .  n q m m a i s e r n n m n y p m

emymuintheirllaldmAT?|equinmen1,andmnuinbo¢hreurielionmd

modilinlionu!i\nitiesinlsi|1|epolypeplid¢(Ena57l).

0

Another less familiar type of restriction, which differs from those three

types of R-M systems desaibed above, is e resuimlion system specific for modified

DNA such as that coded for by max! andmaB. The restriction endonuclease: of

this type require methylated DNA as Substrates for theif activity. The bacteria

thate\h|'bilthiatypeo[r~". ~." | donotuaemethyiatiouutheonlymodeof

identifying 'self DNA. This phenomenon was first described by Luria and

Human( l95 2 }.  ' lT\ ey u. te dT- e v en phqunmdnmmt mmpome m ' UW
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obscfvedthal the T-even plugs pmpaguc poorly in n UDP-glucose-deficient

nmumoI£.m¢i . lnlhismutant lhcDNAi§mclhy1| tcd(by1.he"""" tionof

* " *~."~thyL~. .""°),  huwewrgnlddilioml "modi! ':c llion"o(theDNAby

g l  " 1 ~ doesnotoocur(L¢hml.nmd?nn, l960). PhqeDNAprnpa||1ed

in\hisE.cnHmummwures tr iacd,whereupon.i f1henmeph: |eDNAi \

pmpngaledinawwtypewhcnebothmcthyhlionlndgluooly lldonlakephoc,

no ~ dlhe phagcDNAisobserved.  Thegenei  coding for the
¢

rcstrictionwhichnmyfunctionlnlhissysmcmhavcbecnidcnzitiedatlurolodon

the E.  c di  K-X2 dmmmwnw (Ravel.  IQ67) . Diese genes have been duigmxed

, ,¢,4;n d,313. 'D i e s e nn u g e n es we r e fo vmmd  la le r lo b e i d en l i a l to th e mavl  a n d

the ma£ genes (modif ied cy tmine restr ic ti on) {R»1¢isi1 and Wi lson, 1986)  and

their  nomenclature has been rec ently establi shed (Raleigh et ll. , 1991).

E. coli has been shown to contain at ieast three restriction systems of this

type; MGA protein recognizes and restricts the methylated cytosine in the

sequence 5' -.. uo (Rdeigh and Wiison. 1986), MUBC proteins recognize md

restrict DNA in the methylated sequence 5'-G"C (mm et ml., 1989),

G*"C (Ravel. 1983) or G"""'C (Blumenthal et sl., was), md Mn (methylated

adenine recognition and restriction) protein rewgnizes and restricts methyhted

adenine in the sequence G""'AC or C""AG (Heitman ma Model. wav). The

MUC protein is essential for the MGB restriction function (Dila et ni.. 1990).

0

Gena!oralllhrecsysxcmshav¢becnnupped|nddon¢d.andlh:maB

and mf r gzna have been sequenced (Raleigh cl ll. , 1989; Ross el I LL, 1939: Krctz

et il..  1991;  Waite-Rees ¢t_ad.. 1991). Du:  mm? md nur  loc i  are both loc ated i n

144-kb cluster  with the had genes as abou:  98.5 min i n the f ollowing order ;
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»»acs4|-¢v4.uu4»¢n-M(|m¢s;a¢uL19s9). ThemaA |en¢b\omuad(on

\heexdnbkpwphge-|i\:elemenl¢Il)ne|rlhe7.§»minloauonLhe

£ m a K- 1 2 e m m m ¢ m ¢ u d iu m d wwB( R» H| h ¢ u \ , \ a s 9 ) .

{uoonuuLnromethyL||e&wh5duenuls|od|led\ri!hco|1'eqwndin¢

r u m w m m m m w w m m w w m m m m a w u .  ' r m n n d u a

lheme1bylu¢¢aoodedbylhedan(DNAldeminem¢Lhyhzion}¢ene.which

m¢¢hy 1uuu=¢»d¢» i im¢ui¢» inm¢GA'lr :< -_ -- ~-(MmmmdMmi=._

1973;Gd¢rmaM°and1. |919)md:b¢m¢m;au¢¢moa¢aby|h¢¢a»(i>NA

q1minemclh)4uim)|encwhkhmelhyhzesthehncrmlq1mineradduuintM

nvosequenoes""" " " md " " ' " ' ( M u i m n n d M o n i \ . 1 9 1 3 : l » h y ma

n u u n m l m ; m m y l m m b y e i u m m m u o m m m y m u m w b u n

mowmimf baf d¢m¢¢a nNAbyo=nnnf=m1¢u0u¢ ».~ ~- ~ U/hole

mwgnidonsequenoesueeitherideutiadworovedapuwremgrddonsequenou

au»¢D|m¢»5Qgnm¢mym¢. Fur ¢ . mnpl¢ . mua ni me M ~

w m u m q n m w ~ ""' i |GA1TI, i$unlb|¢£ndeavcDNAm¢ihy llladby l.be

Dnmmahy1ase.whcreas.TaqIrenria ionenzymeisumble\oan|he--_ '~

1r.t;ATcifm¢|a¢nin¢ i¢m¢¢hym=d(n»dm=m.19scnN¢u0n¢1n,19a4).

v

i

11JeDammethy!ascfunctionisinvolvedinaurietyn1|rcgulalory

medunisnuin£mli,mch|||eneexpm§ion.initi11ionald1mmo|ome

r:pI.ialionlndchrolnoianelelrc¢:tiou{Muim|S. l987:Barruand." ~

139). 1`hefunaiono»flheDun""."~_-<"isnol\»e!lunders|.ood.bowe\ner,an

~  ~(mum, 1904).
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T h » . m ¢ M ¢ n m = ¢ ¢ | m m ¢ | ¢ u i m l v m l f ¢ m ¢ m m / m

main¢ ¢i¢nmh¢¢ nnv i¢ w¢d= |n=m|¢¢dm¢un- M¢|¢ ,m=(¢ yp¢L |yp¢

m m q p u l y m m w u m q m n n u n w m n n i m n n n u .

mmu ¢ ( » u 4 , m| , » n c . | m» m . m¢ n ¢ m» a n ¢ u m» , u ¢ a | w u ¢ »

ah|`bl|meu| rqnadi|1ms¢ria ianendamde| |¢naiv iIyM|n|n||da| | ).  The

¢ m u m | i m u m ¢ » = m m x m u | m ¢ u u - v m ¢ | y m u ¢ b y - m m m

r ¢ m| n i = ~ | ¢ | r | mm' | i m» ¢ ¢ | r o mL  n f u m mu mmmmd i n u - a l a n

fromb||.1¢riuph||e  (Bkkle. I9!'1),uwelluprom¢1in|\heeell'|oln|DNA from

iumnmn¢ i o n=my | m<B ia | ¢ . 1 as 1 ) | mnmi u| gm¢ n¢ ¢ u<m» ; ¢ u

puede m| |eri ||nmunldi lrerenu|»d¢s(Arh¢r.  ma).

Whenever a c ellular  system i s being reviewed.  doning i s an ir npomm tod

[D fur ther HW ! the genes of  i nterest. Othe r  me r ho m of  d u r l c ter i n t i o n wh id |

indude DNA sequencing, i denti f iati on of  1 product aaded by  the doned gene,

mlpping,etc _,  mustelsobe appli ed. Va r i o us a pp r oa c h e sh lve  be en u se d to d on e

th e ty p e l i mf g e n e s . F o r e u mp le , t h e lu a f g e n e e o f  t h e i C { S a i n md Mu r f a y .

1930) ,  A (Fuller -Pnce et al. ,  1935) .  plasmid-enc oded EmDXXl (S|"=¥P¢k md

Piehrowic z,  1989)  and SB (Fuller -Pac e et al.,  1984)  systems were c loned into

A replacement vec tors ( referred to here as method I or  A method;  Borck et al.,

1976). 'Dae A method consi sts of  the f ollowing steps. A phag e li bn r y  of

rec ombinants Wu made f ir st in a non- restr ic ting and non-lznodi fying bacter ial hon

( r m) . Th e  r e a t l d n g i i b n r y o f p h a g e s w u p lu d o n  th e ba c ter i a ls tn in

f=f=fi¢1i=1s (r)  for the system sought. The rec ombinant phages arr y ing an

expressed modi f iati on gene modif i ed thei r own DNA and c ould propagate in the

restr icting bac terial host,  whereas,  other r ec ombinant phages which do not have
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pmp er mod iB c lt i o nwou1 db ere st r i c te d. T h e " " " _ - p h q u w e r e t h e n

" ° " a n d f u n h e r p ¢ u p a p l e d o n a n r b o s 1 . Su b ae q u en t ly mr h o s t w u

u s d x n d i n l e a d w i l h t h e p f u p q l l e d p h a g e s 1`hi 1q»d ewnr epea | . ed ac ve rnl

t i ma ( \ ° i t h | l n | d p r o p a , g a 1 i o n o n r b o s z ) me n r i c h f o r d o n ¢ s wh i d 1 a r r y L b e

mod i f i a li on ge nc s. Fu u 1 ly , t h e ~ " " , ' p h qe s we r ¢1 e s | . e d f o r

l a i v i l y o f l h e k - M s y u c m s w g h t . On o e lbe mn d i f i c a li o n g c n e wu id c n i i f i c d ,

l h ¢ x d o o u w ¢ n e l h e n mb c 1 o u e d i n m p ln i m i d v e d u \ f o r h m U\ e z s md i e ; D1is

npproa c hreq ui r c s rwoprc r c qui si tu. l= 1 m,n - ¢ ¢m§ u v¢» mmwm¢ 1 = - ~  |

r u1 r i c ti on ( r } pb en oty pe a» t| hc s y s te mso ug hL 1 f m¢ u mn i . m m¢ ~ 1 u m> 1 ¢ , .

new; - sc ns. i ti ves1r | Lin mustbe~"<" ~ Se oo n d. 1h e ve c wr { i nL h is c l s c , x

D NA ) mu s tn a tu n l l y  w n u u i n l r e s u i a i o n s i t e  f o r z h e s y s l e mt o b e d o n d .

11|eI|.fdgene¢o»fLheE(FuI%er-Plceetnd., l985)sys1emin£aalimdthc

Cfrl(Danie1e||.1.. 1988)systemin Cirmbacfafreundi weredonedmlsoinx

usingadifferenlmelhododogy (method llor DNA hybridization method). As

de:\aibedlblN¢.recombinenlphlge librarieswenemadefirstinnon-renricting

and non-modifying hom. Subsequently, bcwvwer, the 1-had dunes were identified

byphquehybridin1 immin| !hekmwnhndleaeollheAsy1temfromE.mliu

aprobe. Ibeadvanugu of Lhis method are than neither: 1-setdtivc Slrlin.

whidmexpress nestriction ac1ivity.noraver.1or oonminingaqming site for the

qmemtobedonedereneeded H0w¢~»¢r.=¢»»m1m¢»diu0n=1m»¢m1»¢

oomideredtodlowlheuseoflhismethod. Fi | s l,DNAhomoloy lus lobe

pre5eulbetweentheDNAof\hebuc leriatobedonednndlheknownhnd

p p m Diuugascreening for DNAhomoloybetweenlow DNAo||.he lest

sudnmdtheknownR-Msystemdooumunbedouebefonemelhodlianbe

U

\.
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Appliedtolhedoaiagof agene. Seoond,sinoedomin¢isbuedsdelyont.he

DNA mmoa°gy ,i¢ i¢pwn>|¢um°my¢p°fuona1h¢m;¢n¢¢i»¢10»¢a~1¢

the lhn ~ method and um www mny link themmplete gena required

loapras r~."".~" ormodiiiation |ctivity,thug funber doningof a lxrger

DNAfrqmen| .mxybe Thi ri lhedomwhidaoontxdmiheendnhnd

geneimaynolbenbletoe lislduetoself ~  l i o h & e r v d \ i w l h e L ' l 1

syslemotS. ~~'." .1. (dacribed below) (De Ba¢:kernndColson. 1991).

Flmlly, | forcuitom DNA homology between the probe and unrelated genes may

add an unbiguity to the done.

{ n th e a s e o f d 1 e p l | s mi d - e n c o d e d ty p e I R- Ms y s L e ms ( E o o Rl2 4 a n d

Ec oR124/3)  and the ty pe i ll R-M sy stems enc oded by  phqes Pl and P15 in

£. mE . th e p la s mi d  D NA md lh e p l1 a ¢ e D NA we r e mt \ | r i 1 h  r e s t r i c t i o n

endonudeases (Hindlll or  Bam] - I I)  and li gated to |  plnmid vec zor ( r efer red so

hen:  as method IV or  a plumid method) . Tn md o mmnu  we r e * " * tested

for M ~ And modi flati on acti vity  of the sy stem sought (Hrman et ll. .  1985

l-ladi ex ILL. 1979; Nagaraje et nl. .  19 85;  Piewo wia el ll . .  1985) .

Rec ently , De Bac ker  and Cohan ( l99l)  have c loned the entir e region of

the fund genes of  a new ty pe li l r esui c ii on-modi fi c ation member , L11 of

S .  ~ 1. . l 1 1 e d o n i n g wa s | c h i c vd i n E . ml i b y u s i n g l two - s 1 e p d o n i n g

neehnique whic :l1 uti li zed the proc edures ofmelhc d I md IV. Fi rst.  the

modi f i cati on melhy lue donei  were seleaed,  bued on self -modi li clti on. ac ti vi ty  of

the clones. A A genomic  li brar y  al | mm| .1n S.  ' f " " . . : . wt;  transfected into a

x sensi ti ve r , , ,m' , , , S r y phimuf iwn and the Cnr ichmenl cyc le was repeated

seven!  limes. Survi ving A done;  were tested f or  modi f luti ou acti vity .
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Subsequ¢nlly,|heme\hylu¢|¢neinlhexvec1nrwumbdoaedlnwpB|U28uld

l n m d o r m e d i n x o i c o i .  m m é wm u m m m m m m p m e m r

eucodingarcstridonendonudcasemdl modiiiationnnezhyluewudoned
f .

imolph|mid.pACYC184,vfhidJ iscumpnl.|ble with pBR328. Agcnnmk libruy

of the r°,,,m,,,stnin inpACYCl84\ruonns&n|ded mdthcn truufonnndinto

m£.colinrldnmnlainingthemodii ia1 ionmclhyhleobudnedfromtb¢lim

step. 111edonesmm|inin¢ra|riaion¢ndonudcas¢u:tivitywerese|ec1edby

tbeirenhmnedresisunawmn-modif iodmphlge

l1\edoningohy-pellR-Msys;emswa;meumplishedby1hemuuf¢rn4

~°~ anclmodi facationgenesfromtbebuneriainwhichtheyoonsrman

£.m|fbaumngpmmns»v¢¢¢0|1. 'I `\voma.in_""~-" 'w ebecnusedin

ilolate£.coEdone$lhatanyhrdleneshumbe£erolenouspopulatioas

{neviel»ed in Wilson, l988|). 'lhe tim procedure uses phages an enrich for clones

p w m i q ~ . ~  ~  A p l u ¢ q j d l i b r u y o f r e c o mb i m l d o n e s i . u £ c o l i

wuinlededuéthlpluge,mch sx,whouDNAeonudmrenrié1ionsiLes[or the

systemswght. lheoellswerethenplaxdtoremverindividuaidonathaxhad

survivedifter infeciionnndtheneforemlyarry '~" *"" lnimmequendy,

modi6a1iongene¢. l1:eseooodprocedunesasaemmpli.\bedby1uin;resuiclion

enzymes and enridming for self-modifled phsnaid DNAB1vitm. lhis procedure

has beee used zo done either individual modification genes oreomplete R-M

synenn. T¥Pi<=l"Y-llHJf1I¥"'l-¢Pf¢Plf==¢\ usingaplnsmid vector rlmeonuined

lheremg11idonsiufulhcnudi§a|ionnmhy1ae,zhen\heplsmiddones\¢m

prnpqnldinbac1eri|whid1pooses|no"~".f ""~ac tivi ty . lnr.his¢l!¢.l11)'

nmdifnadonlnhitydewuedmmtuisefromlhemexhy lanenmdedfmbygenes

r"
\

|

/
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amainmepumiavum. mpumunnmnpmmmmpuu

pmuwapmumurammmmqmmnuamymmmumuma

l r e r e l i s u m .  ~
rumadwmuumiqmapupumupauamawa. Sofmmnre

mnnwn-Mqmmanypeunwmnwmplmnyupmulymma

(wium.\mu;|um|mm¢¢|L,|»9ms¢=b¢f¢¢u.|o9o¢D|m¢fmn=u|_

m|;wn»nmauumy,1w1). Aumnypnn-Mnpumunnnduma

i=£¢¢u,a¢p\rms¢ou|¢»n=a¢nmmain=¢m|¢»=usmpny|»m¢m
mums,  which wcre c loned i n S!aph)lac oc r .1u c ahlanu Tmoo (Sc cbc r el al

1990). A summary  of the doning methods used to rescue di ff c renx R-M sy stems

isshowninTab1e3

ln a different ;pp1oach Lo the cloning mclhodoiugy the uamposon-like

1|:u'acMu an be used for doning genes of interest (method Ill). xplacMu,

oonsuuciod by Bremer  et al. (1985) , is a der ivative of  the x phage which lac ks the

ar? (r ec ombinati on site) . Apizrhiu : I so emic s the l ac Z.  l ad(  Kan' genes And

¢bein|¢nion|¢quenoesfmmb|¢1eriopnaleMu. lhisplugecnnbeuxedasl

|pum¢rmim¢||u¢m|»p¢¢i5¢¢||ymm|h=m»¢¢hrom»om¢l»1|m¢Mu
uunqrasi lionmedmnislmullaeaueithefmopemnorprmeinfus ion. lnler linll

dlh is lpeddi mdln lld| . |dnlph| | eudt hi n| |e ne diut¢ te lt anre m| | i nlhe

¢:pre: | ionaI | - | | I lnuddnehnmdnprunmernf lhlt |¢ne,hawevu. |h¢|en¢

w i mmw m¢ h » p | ¢ M u u ¢ i m¢ n ¢ a w i \ | b ¢ i m¢ n w ¢  mmmmmmp a m

a|I lr .Muconl|Lill| IncZe| || |identici llothefxZendo|`M1.|dl.  Theresaanim

mlpol tbeMudlisnawknu\\ rn( Fi | .2 ).  Alo | |e | ¢n| | i nldne nlo lhe lxZ| | :nc

theneis |cuui|1s i le for£aoRl(UCo| |norandMdm1y. l%3).duuaIn|| r lnl
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TABLE 3 Eumpi50flh¢donin,gmcthodsusedforvlriousR-Msyst¢:rrs

bw I l l c m d n a w Rduum
1 : 2 . E

I x M1015 mm | ¢l..»|»-1.) sm-dmumyqaan
I B MIS G° 'dI lldH\mry .  P113

I A m m s ruarn at .L was
l D u a ( a l dh i l n r ru y ,  was

l E m a n s Flll laP l:  c t I L was

I sa m m s Fulk:Pace ea I L ma

I SP . m m s Fi|I|¢:r»P|¢r cm IL was

I s o w u s FuliaPac: CI ll-. my

I a n m m s Dmide||L1QS
I Emmz-1 m m s Mdhnd IV (Plllid) Fr n a » dn L l% 5

I Ec o l  mf ; m m s F I I . | |d n | . I ' H §

x E m n x x l m m s Mahon! I ¢|..mbdn) 5¥f17P=imdPi¢k»ro»ia.|smm

I l l P l m m Hdhod lv {P1lw5d} Hur lld I L | 919

l l l P15 k.n:lR.H 1|»di¢|¢|.|~m
I l l LTI mum I :umm-J

Maha [V ff'1l-lid]
m a y
w a v

Dc B»¢ :kuld Cnhn| , l99I
Dc Bleka|| dCa| | -011991

l l SMJAI s - L w x u M a m a  l v  f n u m '

n n u f m v Manoa lv 1Pl»»=id1

Seebun aL1W 0

I I B . - r u Lu mc nc u | . l% S

l l E d u s q m r m Gr ne|¢d|L |951

I l rw-I m l m Hmsmo»ddaLl9'90

A | £ . a i m l u i a i | | a l h l d H d L T 1 h p l | | n i d v : a n l , w : u n d l l r n c i ; . i c l
5 J ¢ k y k l x v ; > a u ¢ l 1 | a l u : T M I I l t l u s o d n n a : i | : i e n l f n r d n l i q
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;

I

I'10.2. una- i¢dmmpnfMud|1 (Ap' m).  lna t io noi gene smdres t r ia ion
endcmudeaemuiagshuuesbown. Numbcrinpnranihesiifdlmndngelch
resuicnionemymerepluentslheaauixzg position (in kb)fromtheC-lenflinal end
of the Mu DNA (From 0'Connor|.nd Malamy, INS).

. / " ' \ \ - .

|
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whid1oonuins\hclacZ-¢ndandpoftionohl\eurgetcdgcneanheidenailiedby

DNA hybridnlion with alaclpmbe. Ibis sxmcmrd inacnion almdlou for

further doningof DNA fngmenufrom the region.

Ammmmmmubmnndamnmnuxplruuimmimmumi

|lyUV-lndmioa. uviu|»¢|¢unp|¢Mupnpn»|¢mmi|¢numi»»|¢¢¢|

mmm Fnqnmumxggnuqauuuwqunwmvmmmm

¢.|aum»|m¢u|¢m-|qnNA(s¢¢m¢m¢|;19\sy
Tn¢pmu¢m¢mau¢a.wimMui iu| }¢npmi1k»pmp=n| ¢¢»ni¢nu¢

mu¢u¢abym|¢»¢4.¢u¢A(|nnq»mm)|»a| (inv»|v¢4wi¢h|h¢»¢uvni=m

dme \ n n l p n u s ¢ ) | e n u .  M u mmp n a d u i n a mui u mp l i mi mm

mhuequeminunmanewlnulion. Mui u 1 \ o kmw nln mue DNA

r u m g m u m u a u m i m m g m m m m w q m m u

hn| lDNA\epn¢nu( ' | 'o \ | | | | \ in|mdRdb0iL l9D).  11|u| ,whenuynm| | | | |

uu l a n u u hu n a e mu mmms n mh e nml y mmmdu u y f u a f v mmmn u m

u » ¢ n N A m a ¢ r m m m w ¢ m m m n » m m » m m .

A great deal of knowledge related to R-M systems in bacteria has been

aommulated by researchers from the depanment of Miaobioiogy at Loma Linda

University. A unique mutant which contains a new hybrid specificity site between

SB and SP, named so specificity, was isolatd (Bullas et al., 1976). Severd new

restriction and modification systems in r._f »" serotypes and also in

l c  pw'-aww: §|Ilill| were found (Pittman. MS. I-htiii; Builas et ai. im Builu

et al.. 1981). Recombinant strains of r .' .,rr. which lost parental recognition

specificity have been mnstructed (Ball, M.S. thesis) and a clone expressing
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" *  " " anivity of the SB system was dm inlaid (Fuller-Pace ei ml., 1984)

An:wfa.milyo1typeIsy$lc:mhnbeen_ f " - - i n " . " f °" mmappe;

(Ram ea -1. was >. A mulnnt (135000) md a pu: amvuuve {|.as0a0) a

S. 1 , . " .: " \| rhichlrcrm ford] lhroe R-M syslerm (SA. SB,|ndLTl)\vcrc

dcvcioped (Bulls and Ryu, 1983). Lllcr, 1 mon: sable mutant rm for LU the

three syslenunn d p t i , named JRSOI. was oonsuunzted (Tsai el nl., 1989)

Funhermore, the effect ol restriction on lnmformztion frequency in

S. ry: ~ ~ " was evaluated md a quick lnnsfo lion method for nf " .'

strains was ilso developed (Ryu and Hanin, 1990). Reoemly, operon fusion

mutants al the had gene ol K system in E. wif K-12 have been constructed

(Prakash, M.S. thesis) And the expression Ind the regulation of the R-M genes

were intensively studied (Prakash, M.S. thesis: Reyna. M.S. thesis; Chung, M.S.

/

thesis; Prakash. Ph.D dissenatinn). How¢vcr these studies mainiy mnccntntcd

on $a 1r na ld la sc ru ty pe sa nd E. oo U

Having established an interest in cloning the had genes, l sought a

relatively unexplored R-M system to study. An interest inKldmdla species is

rooted in the vast medial impomna of this orgmism. In addition

chromusomd DNA from several Klebddia Specia hu been probed for thc had

genes

lGeb.iieUaspedes are opponunistic palhogem in a fanmibr ol

Eruaubecl' "f r|I tha! an give rise lo bacteremiz, pneumonia, urinary niet

infection and other types of human infection {reviewed in Montgomerie, 1979).

Klebsiella species are imponanl nmooomial pathogens (Meera et ad., 1981) end

can muse life-threatening bacteremia in adults (De la Torre et ll., 1985) and in

I
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neoniua (Morgnn et ad., 1934). There ere seven recognizedKlebsiella species

(Fmnereid, 1985),bu: onlytive speciesfk. ; - ~ K .  mg wc a .

x e m ma e x p r m a wa e u mx erekmwnlobedinically

sipiif iant.  0f tbese6ve.K.; » ~endK.a:)¢a:aeretherno|IimponanL

Characteristially Kletuidia species are non-molil¢. grim-neptive rod$.

surrounded by s lhid capsule (Krieg and Holi, 1984). Interestingly.

K  , " * " "" isoulylble tofuniLrogen(N,) ina free li1ring(non-symbiosis)

suie under miaoaerobic conditions. 'Huis pfopeny resulxed in me extensive

genetic study of nitrogen fxalion using K - r .:. n as s model organism. I l

was found Um genes involved in N, fi.u.lion, mdgenes. are clustered near the his

region on the chromosome (Slreieber el d., 1971). 'Die genetics and regulaiion

of nizrogen liuiion in Klebsielia have been reviewed by Magxsonik (1982).

J

Gene trgnsfcr in K. pnuanomhr has been done successfully in the study of

the linjugc map of me nitrogen fixation (nij) genes by bacteriophage Pl

uamduction (Streidbcr ct nl., 1971; Kennedy, 1977) and by conjugation (Dixon

Mluumolo and Txuki (1971) have dsc aublished lb:ma Pwuw. 1971)
|eneliclinkalz mapohhea-u(|rom|!icuids),pyr(pyrinlidi||ei) andpur

(purines) gene in Mduidla. However. gencllc studies in Kldulklill have been

resu- i c u:d wa few str lim.

In the past, tnnifommtion of plasmid DNA into K . - ' ~ f- was

arriedoutbythemethodofCnbenctd.( l972)f romwhid1¢hcyieldwuvery

low {Espin ct ld., 1982). A more effrdem meahod which uscs a f1"c¢1£-lhlw cydc

in the presence ol CaCl, was propasd by Merrick ci al. (1987). However, thc

Lramfommliun cfiidcncy of this method depends on thc strain used.
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Recently. elecuupondaa. | new tedmdogy originally used so introduce

DNAlluowalyoticeells(Zimmermmnmd Sdieuridl. l98\),hube¢n
\

x1endedtoammberofb|c1cdd:pecies(}Virthet|Ll989)u1dhupmv¢nto

bcvery¢55demespeci.lllyin£co¢i(Da'w¢rcl|L,19B8). lnK.pr!aunarlirlt,the

e|eampon1iond|idcnqnepond|lnndormu£un¢F5d¢nqoIoa|y2|l0'

LFU/44| DNA. wilerulinkmyzaunonumlmmliionwudelederi possibly

¢h.\emr5trictionbyth¢hoststminof theincomiu¢phsmidDNA{W`mhcl|U
r

was)
Altho ug h .T- . " " ' " str ains wen: the subjec t of  intensive study for ni tr ogen

f i n t i o m p a 1 h o ¢ e n i d t y . md e p i d c mi o lo ¢ y , l h e p r e n n a o f R- Me n z y m c s h u n m

b e e n u p lo wd wc l i . 0 n e l y p c l I R - M s y s l c m w u f o u n d i n K . ; " "

~(Smith ct ld.,  1976). The reur i don c ndo nudease,  gm;  i s naw c ommerc iai ly

"  ' ~ - . Auempu  lo c lone bo th r~ ~  a n d  mo d i f n a i i o n  g e n e s  o f  t h c  K p n l

s y n 9 m u a s i n g | c D N A f r | g mc n t i n a p l u m i d ve c t o r w c r ¢ n o \ " HM1

donesrec on re d o un ld ne d a pa r l i a d d ek t i on a z th c r c a r i c t i o ng e r ae s (

A l l t h e

1.  . .. .-I

cial. ,  1990) . Tb en nwo -s ¢e p c lon i ng ap p ro \ c h \ r an \ sc db y f i r s a dm1i n ,g th e

mo d i f i a xio n g en e i np B R32 2 . lh e u n i n w i t h a p l a s m i d a r r y i n g t h e

nndil\ulimm¢\hyll¢ l| ||hcn\uedu|redpiem|`nrn\ |lle¢1iunwilh|
\

¢q¢a§|¢¢mi¢|m¢\|y¢| |¢, .|~m,|yg_ Fm|.||y. |.hedm¢|\rhklleonuimd

the entire gene cluster encoding for both the restriction :nd moditiation enzymes

Sevenll other\»ereobuined|ndupreswdinE.wli(Hnmmondc|ml.\990)

typellrestridoncnzyrneshavcbccnisoludfromvnrioussmuimoi

K pnaunoniac. Hue inc:ludc.Kpn2l (an isosdaizomer M Rsphflll), KpnKl4I (an

isou&xizomcrofK;»d)mdvuimzsas)gelumu1ncdenzymuwhid1arc
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isoschizomers of  EOORIL Btsslil l.  md Pnl (Roberts.  1933) . Other  undlarac ler i zed

sy ste ms ha vea ls o be en  re c o g ni ze d in va r io us s tr ai n so lf i  , " " " " " '  u s e d f o r

the study  of ni tr ogen f inden (Streic her et al. . 1974;  Satta, personal

ammmu niati or t) . Two di lf erent R-M sy stems,  or i giwly  named KP!  and KPI I ,

haveb ee n r emgn ize d i n i ( . . . r . .  M5 a 1  md k .  ; " "  G M 2 3 6 ,

f¢;p¢¢uv¢|y {BuI1as et sl., 1981). Based on preliminary  studies which wi ll be

1 "  " ,J  i n Results.  an i ni tial attempt to locali ze the genes coding for  these two

systems in the c hromosome st the 98.5-min region c lose to the ser .B marker (it ll

the ty pe I  R-M systems are located in thi s region) has not been sumessful (Bullas

et ad., 1981). These results gave r ise to the question.  where are the genes coding

for these two R-M sy stems loc ated? They  may  be loc ated at another  loati on on

the chromosome or  they may be loc ated on a plasmid. ln mis study  these rwo

sy stems have been renamed as Kpmkl and KpnBI wi th the c onsultati on of

R.  Rober ts (Cold Spr ing Harbor  Laboratory ) .

v

. A

What are we csharacrerisaics of these RM systems? Do :hey beiong ro

type 1 rype Il, type III, or a new type? Do :he restriction enzymes crf these :wo

systems have any potential commercial ine ss does Kpnl? Would these

restriction systems dmc problems in trnnsfomulion as had oomrred inE. calf?

Marry questions will arise regarding lhcsc relatively unduraclerized System;

My first goal in this study was to examine if these Iwo systems are unique

am different from known R-M mtems in K p f wmmm. The second goal was

to evaluate the cmcicnqf of several plumid trnmformatiou methods for

K pneumoniae. and lo examine funher the effect of the restriction systerm of
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K . ; - ~" - o n p la smi d ln n s f or ma l i o n . A r e s u i c t i o n s y i t c mi s o n e u l l h e

ma jo r  " " ' - . -  i ng c n e " 7 ~ A c u m e n i c n l f m n n i n \ | r u d c v e lo p e d i n

£ m E ( " L 1 9 a 3 ) m a i n . §  ' ; ' " ( B u l l u m| d Ry u , l9 8 3 ; Ts | | . i c t a l . .

l9B9) | . ndwidely ux-ed. T h e m i r d g o d o f m h s m d y w u m k o u w h n d m u u m u

f r o m b o L h K p n A l u 1 d K p n B l u n i m m d o b u i n a d u c u t o h o w x o c | l c g o r i z e

zh en ms y ss er m By stud y i ng :h en u mb c r o» fmuu n: s " " - ' w e w ¢ m l d a p e a 1 o

s e e u r e q w n u mb e r o l r n f  a n d f m  p b c n o t y p i c o o mn e n o e s f o r my m u u g e n e s i s

procedure. in :he cue of the type I and ryp¢ III R-M mmm; However, in the

use of the type II R-M sysxcm, primarily rm' phenotypic mutants can be

obtained after muugcnesis (Yuan and Hamilton. 1982). My founh goal in this

study was to clone the restriction-modification genes of the Kpnlll system which

wil}bethebuisoff11nhersmdyof theR~Ms)s\cm.

Funhcr elaboration of this study can lead to the elucidation of both the
A /

x p m l m a x p n s l n - M p y w m i n m u m l u m m u g i u l u m n  n w i m m

|elpen:in¢|¢nemu|1pi||¢y \|| i6dlionnhh¢|en¢mmln¢iomlprodud

(elm/m=)~|l'»¢y°fl||=¢M/\==~ idenmi|'|aliunnf\heenzym¢ rwnplilion

mqu¢ne¢.e|:. .  m m m u a m n n m m a u u m u m m a u m i m u u q p m

r | m | | y u n - M v y u m m - m u u x p m m x p m l u u q '

1»



m11»;nuus AND METHODS

n.a¢4u¢ v\~r»-~»4P'*'°"'A.

s»=muannim,= °"";hqe s . |ndp1|smid| \udin lhissu ldy | :¢ li .ued

mn1§1¢4. Msal m s m w m w l n m i f r o m

C.K¢nnedyoi1heUnivcrsityoI$uHu.En¢l|nd.wh¢reasK.f - -GM136

ma Gauss were kindly provided by G. sm of me University oiGenoa. muy.

m p h m m w m u m m n m m r m r i ¢ u ¢ m - .f~..~- surusoilhe

n f """' s t r a inswuiml| 1df r0m!oa | ' | c wngeby LBui las ofL nm| l. i ndl

Universitymddesigmled SBS (Bulls et:d.,198l).

Me d i a ,  h a ik u ,  n d  : s p i l lB.

'Die formulae for xl] the medix. butierx, and reagents are listed in the

Appendix.

ll¢nr£a\oaudnnd\|\auo||auc .

Tlueedilieremmelhodsnfuirngfaresuiclimnmdnmdincarionacliuily

wcne\ue¢L

<1> Cum mm rnahad: This is a qunimm restriction ICS! used for

screening a iuge number of andidanes for xheir restriction phenotype. SBSJJ

(propagated on GM238) and SBS.KpnBl (pmpqned on GM236) az |

concentration of IO' PFU/ml were siresked on a 1% L apr plate and dlowed Lo

dry forafew minute; 'hxenas ingkdonydbadedawumspendedin 1| II| .| .I

B bufer in one well of a 96-well plate md mented perpendicululy moss the

29
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Bac Lc r iaI su1Lins,bac zer iophag: : s,nndplumid| usedinLhiss:1udyTABLE 4

Source or
Referenc e

Rzlevmx
vh=r»°fyv¢ ma sewwwSlnin

u

u c m n u v

C.  Kennedy ;
Str cidxc r, 1974

K.pna4moIu2.|cM5ll "u-uml| -nl

|.Ryu nmwafmm
M$|\byNT'(?

K.pnaunofu2J¢ M5alR r, ,_,,m,,_, ,

C.  Kc nnc dy ;
Slrci chcr.  1974

Kpna mzan . iae 5022 fn-vmu-U

G. SamK. pnamaomiae GM236 f | | - § f n | l l -

J. Ryu derived from
GM236 by NTG'

K. pnnunoruhf GM2.36R r , _ , m, , , I

G.  S u uKp n a m| o m2J c GM2 3 3 ' r n - I l m l o - I

u m m wasKpmunonmeogg f - m - . -

Gough ind Murray
was

uh:pmm, ms<f,m _),
[F'P'°»45- hxI'ZAM15]

E.f:diNM5Z2

mn <f.m.>.
[F-puma. wrzmls
Truo mm

E. coli XL-l Blue
Slmagene

Miller. 1972a wu c s u s o f | ; r n K

Bertani ind Wciglc
1953

r'm'. dam. dunE.cd.fC

Builns cl al., 1976ECQU4-[Ill T ¢ m u

C. ColsonE.co!i 2379 I , m \

J.  Ryu£ _  c d i  m s  F ' J R2 f l m x

NTG. nitrosoguanidinc
1
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Source or
Reference

Relcvam
Plw»°=yv¢ ma zmlyveStrain

Slraugme1 .m .. mrlzv)£m u| F=92
1 " Sln uge ne| mr-1 (PQ |y1»og¢n}E c o l i P2392

Bremer cl ll., |984a(algF~lnc)Ul69 456EC OES E S I I I I

Bremer cl al.. |984Mwgrwcyunaa mpFE mu MBM70\4

Bullas cm al.. 1076x rypfrimwvw LT2 f . . m. . .  r . .m. .  rmm. , .

m\cn:|uoPHAcr_s

Stratagcncx DASH"

N. Murraywi r

Bremer cl 11,1985llvnm Hrp 1 a Z ! a c Y ! a c A

`uvrDk.an Mu(c ls62)  ner/ I  'S
p1.fMwa

Magazin et al.. 1977cl mv sum Mun-m>2> ,rspnmusm
B-clhesdl Research
lnboralnr i cs,  Inc .

lacZMl3mpl8

Bullas et al., |981SBS

C. ColsonPivir

PIASMIDS

Slratagc ncpBlucs~cripi Ap (pUC derivativc)

Nzw Engllnd
Biolabs

Avi Tepmuzz

PrnmcgaPGEM-sz Ap

4
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Rzlrvull
Ph¢n°'YP¢ md s=»°ryP=

Source or
Referenc eStrain

1

£amB Ap', 6.3 kb in pBR322 Dc  Vr ies et al
1984

pTmy1 \

f.m_, Apu 53 kb-in panszz Daniel et ai., waspRHl

r,,m,, Ap', ll kb in pBR322 L Bullaspxc1

pB|1 Ap' , 7.2 kb in pBIuesc ripl This study

Ap'.  L2 kb in pBIuc sc r ip| This studypB!2

Ap' l. '.' kb in plilucsdpt "nm studypB. |3

This studyPKnnB1 r,,,,,. Ap. 6.2 kb in pBR322

This studyPKnnBz r,,_,,. Ap', 5.7 kb in pBRJ22

n}udA. -'\P'» 1.1 kb in pBR322 Daniel c t az. wa sp r r m

n~fR.mM., mms Sdn and Murray
1980

PW

Sain and Murray
1980

PBa6 A.h.sdS,_

r,,m,,, Ap', 9.4 kb in pBR322 Mural el ad. 1979vlzuzlz

Bachi and Arbcrpsmnso r ~ m ~
|979

Fimun ct ad., 1985puNc.3o f| »-nuxnml- lxnrn AP
14.2 kb in pBR325

\

a h 7d R; n  ( r L n m L n ) »  A P

7 . 4  k b  i n  p T z 1 s R

De Backer  and
Cuban.  |991

PRUF1 '2l

De  B lc k u  ln d
Colson. 199|

pRuc|_5s I f1 . 11m | . n»  C i U ' ,

I 2  k b  i n  p A C Y C 1 8 4

1
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phxges streaks. After drying at room temperatune the plates were incubated

cwemight at 30C Bacterial gronnh onfy on the streak of phzge SBS.0 indiates

|.nr phenotype. 0nlheothcrh|.rud,tl1eabscnao»f tncteriadgrowthacronboti|

streaks of SBSJJ and SBS.KpnB} denotes an r phenotype.

(2)  Spar rm method: This proadure i s c onsiderd to be a

semiquami laii ve method (Colson el al. , 1965;  Bullu et ad. ,  1980) . Fi r st,  Sw ui  of

baderi l.  grown ovemight or  at midlog phase. were mixed with 2.5 r n]  oi  sof t

agxr  c ontaining both CICI ,  ( 10 mM)  and MB50.  ( lf )  mM)  and then poured onto

1% L agar plates. Af ter  letti ng the sof t agar  soli dif y  seri al diluti ons (NT, l0' ,  10'

PFU]mI)  of  SBS.0 and SBS.KpnBI  were dropped onto the bac ier ial lawn. Onc e

ihe drops were mmplelei y absorbed,  the plana were inc ubated overnight at 30C

unless otherwise slated. Die following day.  degrees M i ysi s of SBS.0 and

SBS.KpnBI  were c ompared.  and :hc  ehi c ienc y of plati ng (Eoi ' ) on the les! str ain

relative lo the EOF on the nonrestricting strain were dctcrmincd Funhc rmorc

a moditiatjon test could be conducted based on the results of the restriction spot

tesL To conduct a moditication test. a single plaque of SBS.0 formed in a

ratriction plate. was picked by a needle stab and inoculated into I mi of B buffer

which was funher diluted to 1U' and l0'. A single drop of the undiluted and

diluted phage was spotted onto a lawn of K. - r 'f- (r) and a lawn of

K. : - ~ I (f) for the tested restriction-modilication system. After the drops

were absorbed into the agar the plates were inmbated overnight at 3-0C.

( 3)  Qua nd ul iw res: nw test was per fo d by  following the procedure

Bu-ed on results from me scmiqua.mila1iv¢ neu, 0.1 ml ofof mm cu 11. man)

either SBS.U or modiiied SBS phage was added w 0.5 ml Qglcelxs cuhured
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uvcmighi. placed at 30C for 10 min ua allow phqc ldsorption. A 2.5-ml portion

o[sof lagnr oonuiningC | "udM|"iumwasadded|ndpouredont o l%Llg;r

p l a n Aftcr tbcsoftqarhadsolidiiied. plates were lnmbaled nv¢milh| al30C.

The EOPwudetcrmined byalculningihe ratioof tbc numberoiphqc

plaquesonlhez"s lnindividedby lhcnumbcrufphxgeplxqucsonlhers lnin.

C o l l n d l o l  a u x p m l  l u t l l t l  u h ;  x | \ | a : M uD.

Prcprrrrion of 1p£acMu lysate: High liters off .\plncMu53 Ind Apl¢xMu507

(helper phage requircd for the transposition of 1placMu53} were prepared by

propagating in E mli SES/(DO and E. coli MBM7014, rapedvcly, and the titer of

both A phaga was d-etcrmincd.

Cau1rudion¢Jf aAsauirivenruinofK.puu¢mam2xGM236

A plasmid containing the LmmBgcnc (this gene codes for the Af f » \ J " & - l l )

reoepior protein), pTroy1l (De Vries et ad., 1984), of E. coli was transformed into

K  " ° ~ byusinga freeze-thawqrde inthe presence ofCzC1,orby

electroporation (see section K). Transformams grown on L npr oonmning

~ (1,013 ug,/ml) were selected and the presence of pTmy1| was

confirmed by plumid isolation.

""  "~" | p . af ar: op ml !  f i mh r l  p od : A procedure desuibed by

Si ihavy et d. (2984) was foiluwed. Ten mi lli l i ter ! of  exponentid-phase

K.  , " r " '  GM23 6 c any ing pTr oy l1 were i nf ec ted wi th Ap laMu53  (at a

multi pli c i ty  of  i nfeaion [MOI ]  of  1)  md Aplr xMu5U7 (nl an MOI  M 2) ,  : nd then

inmbuted at J TC for  30 min wi thout shaking. The bac ter ial oeli s were lhc n

pelleted and wished Lhrc e times wi th 10 ml of  fmh L bfolh. Finally.  the cells
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were suspended in i l)  ml L broth c ontnining I 0 mM MgS0, ,  ser ial dilutions were

made and plated on seledi ve media ( L  lp!  c ontaining kummy c in 20 pg/ml) .

Af ter  overniglu i nmbmtion at 3-0C,  lhe number  of kzn.m1yc in- resi stant mubmu

were c ounted and the transpositi on f requenq'  was alallated. Meanwhi le, the

rest of the infened bacleri d suspension was inmbated ovemight f or  fur ther

selec ti on of r  mumms by  c onjugati on.  wi th E. c ali 1228 F'JR2 as a donor .

In thi s study seven!  modif i ed proc edures were dm tested. Dae

modi fi c ations included prc wlshing bacter ial c ells;  ndding both CaCl, and MgSO

and the use of dif f erent r ati os of xplac Mu53 and AplacMu507 (l: i,  } :2,  l: 4 and

l:B) .

Donor E. coli E228 F'JR2 was oonjugamd with the \p{acMuCvniuswiw

infected K pneumomhe GM236 (pTroyl I) mutant pool as the recipient to enrich

for ru-ll mutants. Ovcmight cultures of both donor and recipient bacteria grown

in Lhc ;ppropriate antibiotju were subcultured in I0 ml L broth and grown lo an

Equal volumes (0.5 ml) of donor and recipientOD, of approximately 0.2 In 0.4

cultures were mixed gently and incubated for I h at JTC without shaking. The

sampie was then diluted to a required concentration with B buffer and plated on

1.5% L agar plates containing tetraqcline (40 pg/ml), ampicillin (LIIIJ ug/ml).

and kanamycin (20 ug./m|) Controls for the donor and recipient bacteria were

Following overnight incubation al 30C. mnjugants werealso plated separately

tested for the restriction phcnotyp: by dogs streaking. The r mutants were thcn

confirmed by a drop test.

1
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E. DNA lnolnuou

mm m 0 f b x : m a : , » » DNA: Tom] DNAwl5 iwhledfrum 10ml

afmuvemi;h:auxureby foHowin|\hesundudt¢chniqueo!Mminise\ ;l.

(1982) with some modiEca1io_g5. The baderiml cells were pelleted at 5.1110 rpm

(in a Sorvall SS-34 rotor) at 4C for 10 min and the pellet was suspended in I ml

of ulraelion buHer (50 mM Tris-HQ [pH &0] ind 50 mM EDTA) One

mi lli li ter  of f reshly prepared (li )  mg/ml i n Tri s-HCL pH 8.0)  W IS added

and the mixture was i nc ubated in i c e water  f or  45 min. Then l ml of  ext r ac ti on

buf fer  0.2 ml 10% SDS,  and 20 ul proteinase K (10 mg/ml)  were added to the

sample whic h was fur ther i nc ubated at 65C for 1 h. The sample was then

enraded twic e wi th phenolzdlloroform ( l: l)  and onc e wi th c hloroform. The

upper  aqueous nw was tr ansferred to a new tube,  and one tenth volume of

RNase A (10 mg/ml)  was added and the sample was i nc ubated overnight at 37C.

Again the sample was extr acted twic e with phenokc hlorofor rn ( lzl) and onoe with

chloroform alone. The upper  lay er was transfer red to a I5 ml Corea centr if uge

tube. One tenth volume of  3 M sodium ac etate ( pH 5.2)  and two voluma of

absolute ethanol were added and the mixture was plac ed at 70C to prec ipi tate

we ehr omoso ma i  D NA The DNA was then pelleted at l{ l. ( l] 0 r pm ( i n a Sorvdl

S5-34 rotor)  f or 15 min and the pellet was washed twic e with 70% ethanol.

Finally  the pellet was dr ied in a Savant Speed-Vac Conoentrator  (Savant

Instr uments,  I nc. ,  Farmingdale, N.Y. ).  and the DNA was di ssolved i n 1 ml TE

For cwmluation of the DNA concentration, I0 ul of the dissolved DNAbuier

w1sdi luLedwith990plof'lEbuffc randthcabsorbanocllltwnrnwasrcad

|b¢ ,4_ of 50 ms DNA/m3 was assumed Lo bc 1.0 (Maniatis ¢l al.. 1982)
1
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A small scale genomic DNA cxtnction, from 1.5 ml off badcrhl mlturc

wus pfepued by pmponionally saling down Lhe nbove pr ocedure

Asmnl|»suk|nd|w|¢-scalepnnocolnvere:mum <>/paw-1 DNA

pcrformedinthisstudy. Thasrnall-scak meshodwasusedlocheckforlhc

presence of plasmid DNA in sransfommms after douing and subcnning. The

large-sale method was used for proparation of larger amounu uf plasmid DNA

m m m m m u m i m f m m n m f s m m m n m p m p n u w m m m m a m q

labcicd probes

Smal!scale dasrrtidprrpamtiort: The method of Ausubel et al. (1987) was

used with a minor modifiation. A 1.5-ml portion of an overnight culture was

pelleted in a microfuge tube. the bacterial cells were then suspended in lm pl of

lysozyme solution (5 mg/md lysozyme, 9 mg/ml glucose. I0 mM EDTA and

10 mM Tris~HCl, pH 8) and kept on ine for 30 min A ICDnl volume of an

alkaline-SDS solution (0.2 M NaOH and 1% SDS) WIS added and mum by

voneating briefly. The sample was incubated on ice for 5 min, then |50 ,ul of

3 M sodium aatate (pH 4.9) was added and we incubation was continued for

another 30 min with oocasionlll shaking. The sample was then centrifuged for

I0 min al 4C in a tabletop Eppendorf tnicroantdfuge (Brinkmann Instruments.

Inc.. Westbury, N.Y.). The supematant was transferred to a new tube and two

voluma of cold absolute ethanol were added to predpitate the DNA. After a

10 min incubation at -?0C for I0 min, the DNA was pelleted by centrifugation in

the microantrifuge at 4C for IS min and wuhed twice with 70% ethanol. 'Ute

DNA pellet was then dried in the Savant Speed-Vac Conoentrator and dissolved

ln 50 ul of TE buHer
1
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A quick, large-calc plasmid pfepanlion

pmmoml of Krieg and Melton (Promega Nom. Mardl 1985) was md with a slight

modiiicuion. An overnight mltuze of bacteria in 2.50 ml of selective medium

containing appliabk antibiotic was pelletd at 51110 rpm (in a Sorvmll SS34

rotor) al 4C for I5 min. The pclict was suspended in 6 ml of ffuhly prepared

§."""" - solution (2 mg/ml lysozyme in 25 mM Tris-HCI [plI 8.01,

1omME.1:rrA,|m l5'E=suaosc)a.ndinmbaLedonioe!or20min. Nm. l2m1

of dkalinc-SDS solution (02 M NaOH and 1% SDS) were added. mixcd

thoroughly by inverSi0fL and the mixture was kept on ia for I0 mint After

I

antri f ugati on at TISJ I I)  r pm (i n a Sorvall SS-34 rotor )  f or  I 5 min.  the supematxnt

was tr amier red to a new tube;  501.11 of  RNue A (1 mg/ml)  were added and the

mixture was inc ubated f or 20 min at JTC. The  mi xtu re was  extr a c te d me wi th

phenolzehlorofor rn ( l: 1)  and onc e wi th c hloroform only . 'Rte upper  aqueous lay er

was lrutsferred to I  new tube md :wo volumes of absolute ethanol were added

to prec ipi tate the DNA. Af ter i nc ubati on at 70C for  I 5 min ,  t he D NA was

pelleted by centr if ugation at 10.1113 rpm ( in a Sowell SS-34 rotor ) f or  I 0 min and

The pcllcl was dried in the Savant Spend-Vacwashed twice with 70% cthmol

Concentntcfr and than dissolved in z ml TE bulf|:r

A high liter of a A plug: lysate (at least 10":m um of A ww-DNA

per ml) was prepared by using a 'thick-agar' plate method First. a singie plnque

is uansferred as an agar plug with I sterile Pasteur pipette and crushed in 2(1) ,ul

of SM buffer (see Appendix). A 500pl sample of an appropriate bacterial hos:

(0D,, - 0.1to0.2}gruuminLbrod1conta inir1gl0m!\{MgS0,mda2.5m}

ponion of melted top agar were xdded to the phage suspemion. The mixture was
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xhcn poured on lop of | frahly prepared, thick (10 millimeters), L apr plne and

inmbued ll 37C until complet: lysis vu ohicrved (apprminulcly IZ w I6 h).

Thephag: lxwnwxseollectedbysaxpinglhexofxlopsguuudcenlrlfuged ll

The10.1113 rpm (in l Sorvdl SS34 rotor) for 10 min ai 4C lo removed the agar

supemaunz was then unnsfcrrcd to a new tube :nd treated with 0.3% chkroform

f o r lh

DNA was lsolamd from the lysate using a Lambdasorb"' kit (Promega.

First, I5 ul of Lambdas-orb (which is made up of SlaphjdacocnuMadison. Wis.)

caueu. r cells coated with r abbit antibodies against 1 phage) was mixed with 150 pl

of  the at lysate at r oom temperature f or  30 min The bac ter ial c ells were pelleted

by  c entri f uging i n an Eppendor f mic rocentr if uge at 4C for  15 min and washed

~ wi th 1 ml of SM buff er ( see Appendix). The pellet was then suspended

wi th 0.2 tnl of TE buff er  and heated at 67C for  5 min to r elease the phage DNA

Af ter 5 min of  c entr if ugati on to r emove we Lambdasorb the supernatant was

collec ted i n a f resh tube mntaining 2 pl of  S M NaCl. The sample was then

extrac ted twic e wi th one vdume of  phenolzc hlorofor rn {l: l) and once wi th

c hlo rof orm nie aqueats phase was tnmsferred to another  tube. An equal

vdume of  5 M ammonium acetate and two volumes of  absolute ethanol were

added to the mixture which was plltxd an »20C for  al least 15 min. Th e  D NA

was then peilelcd in Lhc microccnirifuge for 30 min at 4C and washed twice \viLh

70% ethanol. The pcllcl was dncd in thc Savant SpeedVac Conccntrator and

dissolved in 20 pl of TE buffer
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R n ma i o a  n d o n c la n e  d l p n b nF

Type ll restriciion enzymes :nd r on buffers were obwned from either

Bethesda Research Laboratories, Inc. (G|.i!.hersber|, Md.) of New ww

Hamm Inc. (Berverly, Mus.) and used as recommended by the manufacturer.

Ap r o n 5 |  e ie amp h oms l lc

Two differenx horimnul submerged gel elecuupbof csis apparatus were

routinely used in this study

A mini - gd e . " " '  m NV qpparnnu (7 by I0 c m)  was used for separati ng

smdi  amounts of  DNA and for  moni tor i ng the eti ed of  digesti ons by

endonuc leases. A mini -gel, made of  0.8% agarose i n Tr is-ac etateEDTA buff er

plus ethidium bromide (10 ug/m| )» was submerged in an electrophoresis
\

apparatus c ontaining the same Tr is-ac etate-EDTA buf f er  plus ethidium bromide.

The DNA samples and DNA markers were loaded in eac h well and

electrophoresis procedure at 30 to 50 volts f or  1 to 3 h depending on the size of

the DNA fmgmenl and the separati on desi red.

A largescale gd '."" ":.' ' »11 ~ "~ ~ (145 by 20 cm) was used for

longer electrophoresis and better resolution of DNA fragments Gels run using

wis apggrams were used for Southcm blotting. The gel was made of

approximately 2(1) ml of 03% agarose in Tris-acetate-EDTA buffer oontxining

After loading DNA sampla and markers, the gel was usuahyethidium bromide

nmfor l2 lo  l8haI3\0 lo50volu.

Al the end of the clectrophoreseg 1 photograph was ukcn using a

Polaroid qmera model DS34 high speed ooatcrlcss black and whit: Polaroid 667
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film and UVlight illumination (Foto/Phorais model I [Fo¢odyne, New Berlin

Win] fora mini gcL md model Foto UV30 [Fomdync] for a mga gel). The

distance of DNA migration was measured with a iluorcsocnl. mlcr.

I

S a u n a :  b l a m qH.

Southern blotting i50uLh¢rn.  1905)  is a tec hnique used to transfer DNA

from an agarose gel to a ni lronellulolre or  ny lon membrane ( for  multi pk probing)

plac ed i n c ontact with the gel. The proc edure was per formed as f ollows: The

DNA in the gel was f i rst denatured wi th MI )  ml of lx denaturati on buf f er  f or

45 min at r oom temperature and then neutralized wi th 400 ml of  lx neutralizi ng

buffer for  another  45 min. The gel was plac ed on a fi lter paper  wic k whic h had

been set over  a glass plate which was the same length as the gel and saturated

wi th ID: SSC. Nei ll a sheet of pre-wet ni tr ocellulose membrane (c ut to the same

size as the gel)  was placed di rectly over the gel and plasti c wrap was placed on

the upper and lower  edge of the gel ( about 0.5 c m of  over lapping) . Four sheets

of  20|  SSC-saturated fi lter paper  were plac ed on top of  the membrane and

followed wi th a sixinc h stac k of  f lattened paper towels. Another glass plate was

plac ed on the paper towels and then a l~kg weight was plac ed on top. The

blotti ng was per formed ovemight Upon c ompleti on ot the blotti ng proadure,

the membrane was marked at eac h well posi tion c arefully  removed and baked at

80C for 2 h

1



42

DNA-DNA hyhrldlullolL

"" '"1 * f n" " "  "1 A lx pfehy br idi uti an  mixture wn ma de by  di lu ti ng

2 volume of  2.5:  prehy bridinti on soluti on wi th 2 volumes of  deioni zed

formunide and one volume of  di sti lled water . The mixture was healed f or

I0 min i n boi li ng water  quic kly  chi lled i n i c e water  and pourd i nto a c ontainer .

A baked mernbnne was placed i n the mixture.  the conwner  was ti ghtly  dosed

and inc ubated at 42C with slow shaking at approdnulc ly  50 rprnjor  at lean 6 h.

This membrane was then used f or  the f ollowing hy br idi zation steps

J

DNA ' """""inrr: A ["¥']-labeled DNA in a lx p-rehybridizsaiion mixture

wu heated for 10 min in boiling water zo d-culture Lhe DNA. then quidly chikled

in ice wazer and poured into a plasric container. The prehybridized membrane

was transferred into the mluure and incubared at 42C overnight with slow

shaking. Ibe membnne was rinsed briefly with a smxli amount ol lx iow

suingenqf buffer to remove the exons, unbound probe. The membrane was then

washed twice wilh 1| low slringenqf buffer xt 55C for 30 min and followed by

two wuha with lx high stringency buffer.

Aurarndiqmphyz A hybridized and wash-ed membmne was placed between

two sheen of plastic mv in a Kam x~om»ud' cassette wim incorporated

inlenaifier saeens (Eastman Kodak Co., Rochester, N.Y.). Working in the

darkroom . a piece of Kodak X-0!»\I"" AR Elm was placed on top of the

membrane, then the aaselte was closed Ermly and kepl al 80C. The Elm was

usually upoxd about 6 lo 12 h and developed.
x

I
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Ple p un l lol  o lco lp dc n l  h c l z r ln l  : d l l b r  dlmlvp o r il ln l

The procedure developed by Dowel et :L (1933)  was followed. A  I 0 m l

.I

ponion of  an overnight c ulture was lnnsfer red i nto l I  of  L broth md inc ubated

a n 3 0 C wi 1 h v i | o r o u s s lu k i n g u mi I l h e 0 D a x 6 0 0 n m r e a e h e d 0 . $ 1 0 0 3 . The

ml tu r e wu lh e n e h i i l e d o u i o e lo r u le a . n 3 = 0 mi n . | n d L h e c e l l s we f e p e 1 L e 1 e d a 1

5 , { I l ) r p r n ( i n a S o r v a d l GS A r o lo r ) f o r  1 5 mi n . I b e p e l l e i wu wu h e d th r e e

limes: Em.  in l 1 oi  c old di sti lled water:  nerr .  i n 5(1)  ml of  c old di sti l led unter

and thi r dly ,  in 20 ml of  c old 10% gly ar cl i n di sti l led water . Fiwly .  the  bac ter i a!

cells were suspended in 10% gly cerol no a fi nal c oncentrati on of  as i easl 3 x 10"

cellsfml and 40 ul ali quots were di spensed into I5-ml miaofuge tubes.  : nd

1

stored frozen at 70(`.

'l'nllforlnl\ol of DNAK.

Three different methods of plasmid transformation have been used in this

study

( i ) The CaCI .healshock mahod (Davis et al,  1986) : A 40 ul a li qu ot o f  a

competent baderial cell suspension (prepared as descr ibed above) was suspended

in 160 pl of  i ce- cold 1(1) mM CaCl, for 15 min. P1asmid DNA was added to the

mixture,  lef t on i a f or  3 min.  and then plac ed i n a 42C walerbalh f or  3 min A n

SOC medum (SCD ui )  was then added to the mixture and inc ubated at 30C for

45 min before plating on selec tive media committing appropriate antibioti c.

\(2) The Wick [uae-llmw method (De Vries cl ll..  1984) Abactcriad

suspension in CaCl, and plasmid DNA were prepared as in CaCl, heal-shock

method. Dre mixture was frozen in dry noe and acetone for 2 min and then
1
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An soo-unthawed in a 32C walcrbalh for 2 min. Ibis qw was repelled.

vuh|medSOCmedium\v|m|ddedmth¢mi:tunemdinn|h|\ed|lJ0Cfo|

45minbeforephti|1onlelectivemedilmnlainin||ppmprill¢antihiolic.

(3) The eln:|mporm' iov| mahod (Electroumsfor mamian ManuaL BioRad

m»m1dnNA(sasooq)»mmn¢¢mm4o»|Labonlorics. Richmond. C.|lif.} 5

of  competent c ells and tr amfer red to a c old awene and i nmblted i . n i c e f or at

least 1 min before electroporxdom Elec tr oponli on was per formed using the

Bio-Rad Gene Pulser (BioRad laborator ies)  (mpaci taooo.  25 oF: voltage,

2.5 kV;  pulse. 251) ohms, as recommended for  E. cdi [Dower et al. l988] ) .

Immediately  f ollowing elec tmporati on.  960 ul of  soc  medium was added to the

cuvette and mixed gently  wi th a Pasteur pipette. The cells were then transfer red

to a L5-ml mic rofuge tube and i ncubated at 30C for  45 min before plati ng on a

s-elective media oontaintng appropriate antibiotic.

Pl  b a n e do p h n p  pn p mu o n  n d  ln n sd u d lo uL

A high titer of Pl phage ly sate was prepared by  propagating Plvi r i n a

bacterial slrmin. A thi ck-agar  plate method simikar lo the one desc r ibed ln we

prepanlion of  x phage was used. ln thi s case.  however  sof t agar whic h

contained both S mM CaCl,  and 10 mM MgS0.  was uti lized (Si lhavy c l ai. ,  IQB4)

Transduction was performed following the protocol of Silhavy et al. (1934)

A single colony of a redpient strain was grown overnight tn 5 ml L broth at 3?C,

pelleted by centrifugation at 5.1113 rpm (in | Sorvall SS-34 rotor) for I0 min and

suspended in 2.5 ml of I0 mM 144550, containing 5 mM CAG, Mixtures of Plvlr

1
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plus recipient cells at several different MOI (multiplicity of infection) were set up

After the tubes were inmbated at 30C for 30 :ttin without shaking, 0.1 ml of

1 M sodium citnte was added to esch tube to cbeiate the ations md prevent

reinfection of cells by the phage. The mixtures were centrifuged at t0,0tI) rpm

(in | So ! SS34 rotor) for I0 min The pellet was suspended in 0.1 nl!

B buffer, spread on an L ogy plate containing the gppfopriate antibiotic md

inmbated overnight at 37C

\

C lo l ln |M

Clnrulrgg in plannid veaor: A symmetric ligazinn procedure of Davis et al

First. in(1986)  was used lo clone a known DNA f rugmc nz i nto a piasmid vec tor

a 20pl reac ti on volume.  a 0.l _ug linear ized. dc phosphoryialed pBluesc ript""

vector  (Str atagene, La Jolla. Cali f .)  was mixed with insen DNA (at a r atio of  113)

in the presenc e of  li gati on buff er  and T4 ligase. The mixture was i nc ubated ll

l4C overnight,  then i nac tivated at 65C for 10 min. Ihe li gati on mixture was

then transfomsed into competent E. coli cells prepued by ei ther CaCl,  heamhoc k

or  elec tr oporati on Transformants gmwn on an L agar plate c ontaining

appropriate antibioti c were sc reened for the desir ed c lone;

s

Cloning i n Ju mrmn This proadurc  was used to c lone spedf i c  DNA

fmgmems mmaining lacZ from 1p{acMu nmdomiy inscncd In the chromosomc

or to clone an enexdcd DNA frlgmtnt covering 7.2 kb of pBJl. The specific

DNA fragments were recovered from a gcL following electrophoresis,

Genc c lc an""  (Bio 101 IA J olla. ,  Cali f) . A r eac ti on mixture wnsistcd of  I  pg of

l_arnbdaDASH""  (ml wizh BamHI )  {Suatagc nc)  mixed wi th 0.3 ug of  the imc n
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DNA fr agments,  0.5 nl of  10 mM AI?,  0.5 pl of  10:  I i gati on buff er , and 4 Weiss

u n i t s o ! T 4 l i l a s e . l b e mi xtu r e l r a a i n c u b l t e d f o t  l  h a t r o o mt e mp e r mt m.  t h e n

f u n h e r i n mb a te d o ve mi g h ta t  l 4 C . Th e n e x td a y , t b e l i ; a t e d 1 D N A a n d i m e n

m m ¢ u ¢ m n n m u m ¢ w ¢ r = p » a q ¢ a m i n ¢ m ¢ G l c A P A c J t P L U s " k i t

{Suata;ene) . li te pa d ag in gp n oo es in vol ve d r ni xi ng d  n lo f  t he  l i g a te d DNA

wi th two dif ferent sonic  extr acts which was prepared f r om two di f ferent t

ly sogenkstrains. One extr ac too nlai ni ngp re he ad awasp re pu ed f ro tu st r a dn

BHB2690 and second extract containing the D protein and other  components

neeeaaary  f or  padnging was prepared fr om str ain BHB2688. 'nie r eac tion was

per formed at r oom temperature for  2 h. Then, 503 pi  of  SM buff er  and 20 ui  of

dtlorofomt were added.  mixed,  and centr i fuged to pellet the debr is. Th e

supernatant was di luted and plated on E. wh P2392 as a host strain. The A

clones containing the desir ed DNA f ragments were saeened by  a plaque

hy br idi zation method.

~ Theauwenlionslmhdonilnglechniqueinvdveslhe

miim¢f|puu¢nunNAfn|n»¢m|»in|r¢»¢|i¢u¢n¢|nym¢;u»¢pu|is=|um

mb¢w|¢\fnlm¢mmaiuupunnim¢h¢¢umpu¢b|¢¢|ulahlimiimy

diglledvector.  lnthis| \udy. ldeuelopedlqui|:klnd'| lmple||mcedun¢for

suhdming DNA fmgmenuocigiullydouaedinlplslnuld vec|.or.withoulildalion

o|theDNAh1| r\1enutoben|hdo||edandwilhou|prep|n¢ ionaf ||:hsmid

ve c to r

Dae DNA to be subdoncd was digested with the desired restriction

enzymes. This treatment was followed by phenol extnction to remove the

restriction enzymes. The digated DNA was then treated with ligase under the
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|ppmpri.||¢cmldi|Lom. hinpvnmsayieldszvendpasibkenmhimliomd

x i g n u p m u m w m a n n m u u w m w w m m m m a u m m m .

Aplasmid ,pB J 1 .wa stt se =da slsamplefo r  t hi spr oo edu ue Thi sp la smid

c o n t a i n s a D N A f r a g m e n t o f K  ~  d o n e d i n t h e p l u m i d v e c t o r

pBIuesaipt. 'Die r estr i c tion map of plll l i s shown in Fig.  9. Plasmid pB. I1 DNA

wu i s o la te d b y u s i n g th e me th J d o I K r i e | a n d M e lw n ( P r o me g a N 0 te & Ma r c h ,

1985)  wi th minor modili eati om. Approximately  I  ug of  the DNA was c ut wi th

the restr ic ti on endonweases Hindlll andPsrl i n r eacti on buf f er  2 (Bethesda

Research Labontor ies,  I nc . ) fr dlowed by  two extracti ons wi th phenolzc hloroform

(lzl)  and wi th c hloroform onc e. "Die upper aqueous layer was transferred to at

fresh tube. One- tenth volume of  3 M sodium ac etate ( pH 5.2)  and two volumes

of  absolute ethanol were added and inc ubated at -S0C for I 0 min to prec ipi tate

th e DNA. Theprec ipitated DNA was pelleted by  c entr i f uging at 4C for

10 min using an Ep1xndor f microeentr if uge. Af ter  the r emoval of  the

supernatant,  the DNA pellet was r insed onc e wi th 70% ethanol and vacuum

dr ied. The resulti ng DNA was then dissolved in 15 , ul ol TE buf fer . A volu me

of  2 |11 of  li gation buff er  2 , ul of I 0 mM DTT and l pl of  T4 li gase (4 W eiss

units)  were ad-ded to the dissolved DNA. "Dae li gation reaction was lef t to

proc eed atr oom temperature f or 30 mi r ; then for  another  4 h at 14C. The

trartsfomtati on ol thi s li gated DNA into E. cali NM522 was per formed by  eiwer

the CaCl,  heavshock method or  elec tr oporati on White tr ansformant c olonies

grown on L agar  containing X-Gal and IPTG were randomly seleded for plasmid

DNA preparati on by  a mini~sa1e proc edure (Ausubel et M. ,  l987) Finally ,  we

I
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plasmid DNA was an with Hindlll md Pnl.  xepanled by 'gl elecuophor aa

(03% qmne)  and me DNA fr agments w he subcloned wer e deur mined

(Fin 3).

C n l | I r \ ¢ \ |o | o ( P l \ | l l d l l b r | r | ¢ |o | K p | a m \ n l l i z G M 2 3 6 c h m l \ @ l l L lN

DNA

A 5-ug quanti ty  of  pBRJ 22 was ml wi th 2.5 pl of  BamHI  ( 10 unitf nl)  i n a

20-,ul r on vo lume for  I  h at  3TC. A small ponion of f the mixture was tested

by  mini - gel eiec trophoresi s to mni i rm that the vedor  DNA had been c ompletely

cut. li near i zed pBR322 was dephosphory lated by  tr eatment wi th df  i ntesti nal

alwine phosphatase f or  30 min at 37C. The mixture was lhc n extr ac ted ona

wlth phenolzc hlorofor rn ( lzl)  and one wi th c hloroform only .  followed by  ethanol

prec ipi tati on The DNA pellet was dissoived i n 50 ui of  TE buf f er  and stored

at 20C

Chr omoso ma l D NA  of K.  f - " " '  GM2 36 ( r , , _,m, ,_, , )  p ur i f i ed  by

the memod desc ribed above (Sedion E) .  was parti ally  digested with £au3A1

endonuclease az 37C for 15 min (Ausubel el al.,  1987) . Following ggarose gel

elec trophoresis,  DNA f ragments between 3 kb and I 0 kb were r ec overed f r om the

gel using a Genecleam" ki :  f r om BIO 101.

A ligation reaction was sct up with dcpbosphorylatcd BamHI-linearized

plasmid pBR322 ind the S¢m3A| genomic DNA fragments. A 25-pl volume of

Iiplim reaction minure consisted al apprmirnalely I ng of imen D 03

dcpbnsphorylated BwnH!-Iincarizcd pBR.3Z2. 2.5 pl of 10: ligadon buffer. 2.5 pl

of I0 mM ATP, 1 pl of T4 ligase (4 Weiss units) and distilled water. Ligalion
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HG.  3 . Photograph of su agxrose gel electr ophoresis of plasmids extracted
f rom qu id:  sub don ing tr l nsfo mut lls Plasmids were digested wi th Hindlll uid
Pstl. Lzna 7,  14 ( i n the upper  sei  'A ' )  an d hue ll ( i n  the lower  s et 'B ' )  are
1-kb DNA marker .  whereas lane 12 (i n the set 'B ' )  is the plasmid pB. I l digaled
wi th Hindlll and Pszl. Numbers on the lop i ndi c ates lanes. whi le numbers on the
side represent DNA si ze, i n kb.

\

I
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reactions were performed at 14C overnight and the reaction wu tenninated by

heat iogat65Cinlwaterbathfor lomin. lhemixturewuthenextnctedonoe

with phenolzchlorofofm (l:l) and once with chlorolorm only. The DNA in the

aqueous plug we: tnnsferred to 1 new tube. one-tenth volume ol cold

3 M iodiurn acetate (pH 5.2) and two volumes of cold absolute etlunol were

added and me DNA was precipitated at -20C for 30 min. The DNA wa

pelleted by centrifugation for I0 min at 4C in an Eppendorf miaooentrifuge and

rim-cd twioe with 70% ethanol lo dissolved excess sdt. The sample was dried

J

Finally, the pellet wu dissolved in I0 pl of TE buffer and usedunder vacuum

for  elec tr oporati on

Selection ot clones expxesslng restriction endonuclease activity

A I-pl portion of the Eigzled DNA mixture obtained from :he above

0

preparation was used to transform competent r,,,,,m,,_, K. r - ff- GM236R

cells by electroporation. The tnnsfonnation mixture was plated on 1.5% L agar

ptates containing ampicillin (LIIII ugfml) and inaihated overnight at 3»0C.

Transformants were screened for r,,_, recombinant plasmid clones by replica

plating on a freshly prepared 1.5% L agar plate supplemented with ampicillin and

seeded with approximately 21 IU' nonmodified SBSJJ phage. After overnight

inwbation at 30C, the surviving colonies were tested for restriction activity by

cross streaking. 'Ute r clones were then confirmed by a spot test.

Q

C
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|>NAum\q»y»|¢nnum|°-(Ragby=¢u_ 1977)P.

DNA probes wer e labeled with ln-'Pl-dCI`P r adionudeolide by following

the pmwq,| in a commercial nick znnslatjon kit (Bethesda Rcsearch

As»,.|v»1um¢aaA11°,aG1'P,dn?minur¢;o5m1»|0fLabomodes. Inc.)

DNA I0 be lnbeled: 15 ul lf#-"P}<K7¥`|' (moo Oi/mmvl); s ul of DNA

pdymerue/DNu¢ I md distilled water la nuke .| mul volume ol 50 ul wcfe

mixed in l reaction tube and centrifugcd briefly in an Eppcndorf miaoocnuifuge
4

The mixture waslhcn incubated at l5C for 1 hand the rcactionwusloppcd by

adding5 nl of 0.5 M EDTA.

Unincorporated ridionucleotides were fractionated from labeled DNA by

passing the labeling mixture through a Sephadex G-50 column. The column was

prepared as shown in Fig 4. The column was precentrifuged for 4 min at

2.500 rpm in an IEC Model I-IN-Sl! table-top centrifuge (International Equipment

Co. Div. Damon Corp., Needham Heights, Mass.) with a swing bucket to remove

e.xoessliquidffomlhcSeph1dcx. Thelabelingmixmrewaaioadedontopoflhe

Sephadex column. After oenlrifupdon for I0 min at 2,5413 rpm. the eluent was

diluted and counted in a liquid scintillation counter. The labeled reaction was

diluted to approximately 3 to 5 1 10' cpm/ml with lx prehybridizatjon solution.

Reeov ¢ryolDNAlhanlp| \\sepluln¢lLeGac<lu|"'Id|

DNA fngmenu scpanled by elecuophoresis were rewvercd (mm aprnsc

Q.

gel using the commercially lvdllble Genedun" ki: (Bio 101). DNA fragruenu

were cu: from an agarose gel lnd mashed with a smdl spatula in I l.5-ml

miaofuge Iube. A 2.5x volume of saturated Na] was added Ind the tube was
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\

HG. 4 Constmction nt a Sephadex G-50 column used to separate
radioactiveiy-labeled DNA from uninwporated radionudeotides. The cunial
bottom of tube A was removed and a micmporous plastic filter (medium pore
sire) was semrely wedged ln place as shown. Sephadex G-50 was loaded on mp
of the plastic Elter. An opening was made in the cap of tube B. The tapered
end of tube A was insened into tube B.

I

\
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p| ma | u s ms s ' c f ms mmw a i m» | v ¢ ¢ n = » | | mu.  A s - mp mi mu l

c u u mu k ' u p = m a m w u m¢ a m m¢ n i n w ¢ _ m i » a m p u ¢ ¢ u m i ¢ | u

s mi n mu ml u i n a q n f n r u mn h e c u u mi mu u m T M D NA - w l l mi l k

cnnd¢lv \ |pe lle led[mm|h¢m| im| | ebyen| r i fu§q|m' S| inmEpp¢ndoff

miaucznrr innpnndummpemnumwldi lnrded.  1 'h¢peI|¢ llru\v lshedW e¢

¢ i m=ui mo . § m| a NE wnmm1 da n ( up¢ mu¢ di nm¢ u| ) m¢ umi m¢ ¢

DNA\vuelulcdfromxhe5\u|h¢|¢hbyldding5lol0| |\olTEexeessNll

buffer and incubating I1 45 lo 55C for 3 min After oerurifugaling for 30 s. the

DNA in :he supcmamnl was mllcdcd and used.

Colony-  nd plaque-llybddtzniolR.

Transfer of wlonies growing on a plate to a nitrocellulose membrane wus

performed following the pnxxdure of Davis el al. (1986). A cirmlar. dry

nitrocellulose membrane was placed evenly on the plate containing colonies to be

screened. After the membrane was completely wel the edge of the membrane
Q

and agar were marked using an I8 gauge needle in later facilitam localization of

the colonies of interest. The membrane was then peeled from the plate and

placed (wlony side up) for 5 min on a Elter saturated with 0.5 M NaOH. The

membrane was sequentially transferred to a second filter saturated with

15 M NaCl and 0.5 M Tris-HCI (plI 7.4) for anozher 5 min md finally no a third

filter soaked with 1.5 M NaCl and 21 SSC for S min. After biolzing the ewes.;

iiquidandlir  dry ingfor 1  h.|hemembrmewasbakedfor2hat80Cunder

vnmum Dui; membrane was used for prehybridization and then hybridization to

a ["P}-Lnbeied probe (Southern hybridization).

\

¢
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A similar procedure was used Lo Lrlnsfer plaqua formed in 1 bldcrinl

mm Lo nitr oc ellulose membnnc  (Davis el ad. , 1986) Ew e p u h a u h e p h q u e s

wereldlowedtoadsorbtothcmcmhrmcfor2Dmin|drdriedfof30mi.nal

mom zampcnturc and seqpemidly uuzed for I min intervals with Lhree different

sduxions: 0.2 M NaOH ma L5 M NaCl; 21 mc md Tris-HCI (PH TA); and

B

DNA sequenc ingS.

Pmpamfm ofplasmid DNA tartplate: DNA sequencing by Sangefs

dideoxy termination method (Sanger et al., WT?) followed the protoml of the

Sequenase kit (United States Bioebemial Corporation. Cleveland. Ohio) using

[rx-'Sl-dA'I? (New England Nueleai Corp., Boston. Mass.) as the labeled

nudeotide. Plasmid DNA (at least 3 pg) was prepared. by an alkaline-SDS }yu3

method from 5 M of an overnight atlture grown in an appropriate antibiotic.

An I8-ul volume of |h¢The plasmid 1ple was dissolved in 20 pl of TE buffer

DNA was denatured by  mixing with 2 , ul of  2 M NaOH at r oom temperature f or

5 min.  then B pl o fS M arnrnonium ac etate ( pH 7.5)  md li l]  ui  ofoold 95%

ethanol were added to neutrdi ze ma prec ipi tate the denatured DNA Af ter

incuhuion for  30 min at - 20C, the sample was c entri f uged at ISJI IX)  rpm in a

mjaooc n tr i f ugc ,  ll 4 C for  3 0 min. nm DNA p¢l1e|  was wished twin:  wi th

541)  pl wld 70% ethanol,  md dri ed under vacuum.

nbc anneding reaction was then

performd by adding 6 pl of sterile distilled water, 2 ul of Sequenasc' reaction

buiicr, and 2 ul of primer to the ddcd DNA (the DNA was suspended in the
1
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aqueous mixture) . The mixture was plac ed i n a 65C water  bath f or  2 min,  then

the wnerbath was allowed to c ool down to r oom temperature ( ku than 30C) .

Non.  1 pl of  DTI ( 0.1 M) .  0.5 pl of  la- 'Sl- dATP (1,250 Ci /mm0; )_ 2 pl of  1:5

di lutd labeling mix. and 2 ul of 1:8 diluted sequenase enzy me were added and

the mixture was i nwbated at r oom temperature ( or  2 to 5 mint Consequently.

3.5-pl ali quots were transfer red to a set of  four  terminati on readion tubes

containing 2.5 .ul(8 HM)  of  ddG1P. ddATP,  ddCI?.  and ddTTP.  respec ti vely .

Findly ,  4 pl of stop reacti on mix ( provided i n the ki t)  were added to eac h tube to

stop the r eaction.

4

Polyncrylarnde gd : An 8% acrylamide sequendng gel was

prepared as described in the United Biochemial Corporation sequencing

Iandbo-ok. The gel was prerun for 30 min at 55 wills, then 3 pl of preheaied

sequencing sample mixtures (2 min ll 75C) were iozded and mu at a uonsum

power (55 watts) for 3 to 4 h or until the bromophenol blue dye nn of! the

bottom.
l r

The upper glass plate was removed and :he s=L which was still stuck in the

lower plate, was carefully placed into fuer (10% methanol:l0% acetic acid) for

30 min The plate with the gel was removed from the Eur and the gel was

transferred to a piece of blotting paper. After covering the gel with plastic wrap

Lhe gel was dried under vacuum at S0Cfor 45 min. Aumradiogmphy of the gel

was performed by exposing the gel ovemight to Kodak KAR-S Elm (Euurun

Ko-dak Co.) at mom temperature. \

1
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Rzpmdnnion of RpmT.

A Bio Image scanner with :he Visage 4.6K sohwne (Millipore Corp.,

Bedford, Mass.) was used to reproduce tigura from photographs oi agarose gei

electrophoresis of DNA Ind X-ray lulondiogriphi.

1
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cHARAC|'rJuu11oN OF Kp|\A| AND Kpullr u r r l

Difknncgs of KpnAl and KpaBl and other Kldxidh systems

In order to confirm that the KpnAI (in K. pneumoniae MSal) and Kpnlll

A.

( i n K pn aunombe GM236)  R-M sy stc ms wc je di sti ncl f r om eac h other  and f r om

known sy stems in other  str ains of Klebsiella a number  of tests were done

To confirm the distinct identities of KpnAl and KpnBI, the EOF of phage

SBS with different modifications were determined on M5a1 and its r mutant

Thc rcsulu of these EO? are5022. and on GMD6 and its r mutani. GM238

M5al (with the R-M system KpnAl} restricted phageshown in Table 5

propagated on GM236 (with the R-M system KpnBI) and GM238. and GM23b

resuictcd phage propagated on M5a1 and 5022. These results confirmeii the

different identities of KpnAl and KpnBl.

One type ll restriction endonucieasc, KpnI ha been isolated from a stram

of K. pneumoniae, and four type II rcslriclion endonuclcascs are isoschizomers of

other resaricxion cndonucleases found in other strains of Mebsalella. 'Dune are

s

ln order  to determin e i f  KpnAl and KpnBIBxpMll, ewkll, H.uHl|_ and Pnl

are dif f erent f r om any of these fi ve type I l systems. chromosomal DNA f rom

M5a1 and GMDb were dagested with each enzyme. If phage DNA from ezlher

of these strains is modified by any nf these type ll systems, the DNA would be

Dae resulurcsiszam lo digestion by lhe corresponding rcstridion endonuclcascs

of thnx digcszions are shown in Fig. 5.

4
S9
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EOF' of SBS phages propagued on diifcrem hoszs and plated out
on four di!Tcrcn\ strains of K pnaunaniae

TABl£ 5

Eflicicncy of SBS phage propagated onR MBactcrixl

GMD6GMD8MSal5022Ph¢nolyp¢strain

1.01.0 1.0 L 05022 fuwmaw

lo'u r10 1.0Mja l fq | | \ | [ n |J ° ' \ |

1.01.0 L 01.0GMBH f | , ¢ m \ l l l

10'sw= 1.0l oGMB6 " u - m u - -

' Scmiquantitalive rcslridicn tes: was pcrfo d as described in the Methods
Bacwria were grown al 3TC and plates were incubased as 37C

' Eac h SBS phage was propagated on a di ff erent str ain of K pnaunomk ae.
SBS.M5a1 W u propagnwd on a Mjal,  si n1i1u! y ,  SBS5022,  SBSGMD6,  and
SBS238 were propigalc d on strains 5022.  GM236, i nd GM238. r cspcc tivc ly .

\ /
1
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FIG. 5. Agarose gel elec tr ophoresi s of  chromosomal DNA digested with
di ff erent restriwon enzy rnes. (A)  DNA o f  K pnaun atiae str ains OK8 ( lanes 1
me 2) .  MSM ( lanes 3 and 4) .  ma GMZ36 ( lanes 5 ma 6)  digested wi th x pnl
restr ic ti on eodouudease. Lnnes l,  3,  and 5 are genomic  DNA without Kpnl.
Lanes 2_ 4. and 6 are genomic  DNA with Kpn l . (B )  D NA  of K  p na u no n ia e
stn im M5 | l, GM2 36 .  a nd  OK 8 d ig ested  wi th Bs pMI l. Lanes l, 3,5. and 7 are
DNA wi thout r estr ic ti on endonucleases; lanes 2,4_6_ and 8 are DNA an with
B . s p M l | ; I 1 n e s l 1 n d 2 a z e M 5 | l D N A ; 1 a n e s 3 n n d 4 | r e G M 2 3 6 D N A ; i a n a 5
an d fa i r e  OK BD NA ;  l an es ?  md B ar e A  D NA . (C )  D NA of K . p n c umo n i a e
stni m M51 1 an d GM 23 6 digested with other  type I I isosc hizomers of restric ti on
endonudeua found i n Klebsiella str ains. Lanes 1,2,7,B, l3, and I 4 are A DNA;
lanes 3,4,9,1£l.l5 md I6 are M511 DNA; lanes 5.6,l1, l2,1T,  and 18 are GM236
DNA; Lanes i , 3,5,?,9,11.l3, l5,  and 17 are DNA without restri c ti on
endonudeases. Lanes 24 and 6 are DNA c ut wi th BMHI I ;  lanes 8.10 and 12 ue
DNA c ut  wi th E c oRI | ; lanes 1- ll 6 an d I 8 ar e DNA a n wi th  P nl .

s
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Both M5|l and GMD6 DNA were mmplelely dqmgd by |11 Eve lype ll

rcslriaion endonudusa lx can therefore be wnduded lhll KpnA| md Kpnlil

were both different from the R-M syuems lhal code for Ill presendy rewgniud

rype ll raxridion endnnudeues.

1

mn u h n u w u m u u m u u u m lB.

The efficiencies of restriction of different R-M sysmrm may vuy

For example, the EDP of unmodifiedconsiderably  for  the same phage indiator

1 phage on E. coli wi th the K or  B sy stem i s about IO'  [Arber  and Linr t 1969)

almut ltr '  wi th the Pl sy stem (Arber  md Linn.  1969) .  and about 10'  wi th the LTI

system (De Bac ker  and Colson, 1991). Fac tor s that af fec t the EOP indude the

mimber of spec if i ci ty sites on the DNA md the temperature sensi ti viti es of  the

modi ii atian methy lases and restri ction endonuc ieases (Holloway , 1965;  Colson

and Van Pet 1974). The effect of  tempenture on both the r estr i c tion and

modif i cati on ac ti vi ties of  KpnAl and KpnB| were tested. The EOF of  SBS on

GM236 and M5a1 at dif f erent temperatures are shown in Table 6.

Cultures of M511 and GM236 grown at 30C, JTC, and 42( were used as

lawm in three duplicate restriction tem which were then incubated at 30(., 37C

No diffcrcnocs in the EOF ofSBSJJ was used as the indiator phageand 42C

phage SBS.0 plated on M5al (f . .. ~m. . ,. . .. )  at the three temperamres were

observed (Table 6) . However  the EO? var ied when phage SBS.0 was plated on

Gmac (r.....I11.....) me incubated al soc geo? nf ur), 31C (BOP of non,

and 42C (BOP of 1.0). The modifiatjon activities of both KpnAl and KpnBI

were temperatureinsensitive since EO? of 1.0 were obtained when singlc plaques
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TABLE 6. EOF of unmodiEcd SBS phzgc on K. pnaunoniae GM236 and MSU
grown at different jcmpcnturef

Bu.tcrL| grownnt'RaisinlionBacterial

42C31C30Cp h ¢ |1 0W p ¢strain

1.01.01.0Gmss fuul

117' 1.0ur 'GM236 r , , _ ,

1.01.01.05022 r,,_,,

10"I U0 I

M511 f a w

' Phage SBS grown in K. pnaunoniae GM238 (unmodified phage, SBS.U) and in
K. pnaamomile GM236 (modiEed phage, SBSKpnBI) were used for the
semiquantiutive restriction ta! as desaibed in the Methods. SBS.K.pnBI resulted
inanEOPof l.0onboths!.rminL EOPofSBS.0oa1stndnGM236grownaz
differeni lernpemures relative lo GM238 (EDP ol 1.0) are shown. Simiwiy,
piuge SBS.0 grown inK pneumonia 5022 and SBS.M5a1 grown in
K.pu-naunoniae M511 were used for testing in Kpw system and EDP ofslrain
M511 grown al different Lempenlures relative ro strain 5022 (EOF of 1.0) are
dsc shown.

' Bederia were grown overnight at 30C. 3'J"C, and 42C. After plating, the
pines were incubated al temperature al which the strains were grown

1
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of SBS on both umins were grown at each of the tempenmres and tested for

modification. These results indiale :hu only the restriction nclivizy of KpnBl is

tenzpenmre-sensitive.

ln order to determine i f  the higher  rernpenrwre pr imar i ly  af fects

expression of the genes or  if  its elTect is to i ~  ~  t h e p ro tei n  pr o du d  o f  t h e

genes the following experiment wss c oncluded. Cells grown at 30C were

collected ar mid-log phase. wuhe-d.  suspended in B bu1Ter . and incubated al 42C

and  45 C. Bacter ixlr tunples were collec ted and quarr li tative restri cti on nctivities

were determined ar  10min i nter vals for  E00 min. Results of the degree of

restri cti on were plotted against time (Fig.  6).

If Lhc enzyme were healiabilc. thc restriction aqiyjjy would be cxpcdcd
\

to decrease immediately ,  whereas. i f  the enzy me gmmgign were wt- labi le.  the

cell would be expec ted to r etain the restr ic ti on ac ti vity until it i s diluted out by

A: 42C :he restriction acthmy of :he bactcna decreased more :hmcell division

95% in 90 min At 45C. the restriction activity decreased even more rapidly and

was undctectabie wtthin 40 min 'these results suggested that the KpnBI system

was semitive to elevated temperature at the protein level and probably not at the

Tha: is Lo say the activity of me KpnBI restrictionlmnsc r ipli ond level

cndonudcasc was sensitive so elevalcd temperatures

Ef f ec t M dy c e fo l on  r ut r l di ol  a c t lvll i e l of  K pmkl  n d lL pn Bl

During :hc  course of  experiments to increase she effi ciency  of

C

trmsformation by thc use of glycerol (Stuy and Walter 1986), glycerol tn;

observed to have an effect on thc restriction adivity of KpnBI. Overnight
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I

FIG. 6. Effect of temperature at 42C and 45C on KpnBI restriction
endonuclease activity. The restriction efliciemy It zero time was considered to
be l{I)% restriction.

1
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mltura of GMZ36 (KpnBI} grown in L broth containing 10% woetol had no

detcaableruuiciioulciivity. lheEOPofSBSphngeonGMB6andM5a1

grnwnin l0'%g}yarol|,res.howninT;ble 7. l`hisunusua!ohscrva1ion\u

named :hc 'glyarol effeci'. By annum, me resuiaion acziviry of M5al (Kpn/xl)

grownundersimilumnditionswunotlffec1,edbylD': l: | | yc t rd.  ' Ihumheu

two Klehsidla R-M systems were IN ~ ~ » ujith aspect m their function in the

prcscncefmi giyoeml.

The oonantntion of glyocroi md the duration of glycerol treatment

required to affect the restriction activity of KpnB| were cvaluatcd. An overnight

culture of GM236 grown at 30C was subculturcd into L broth containing

different oonocntratiom of glycerol. Grounh urls followed by monitoring the

The EOP ofO D , Restriction sctivilia were examined ll 2-h intervals for 10 h

SBS plug; on GMZJ6 in different oonceulruions of giyceml plotted spirit limb

of incubation are sholrn in Fig. TA.

The EOF of unmodified phage SBS increased from about ur' without

glycerd to about 10' at 10% glycerol. The rate of growth of GM236 at different

concentrations cf giycemi is shown in Fig. TB. There was little effect on the rate

of grounh. except at a highest glycerol wncenultion 10%.

Huis observation thai restriction activity is reduced when the bacteria ue

grown in media containing glycerol is unique and does not appear to have been

reponed for any other RM system.

C
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EOPofunrnodi5edSB$phxgconK.pnaunoluheGM2361nd
M511 grown ovcmighl in L broth ounzaining 10% warm!

TABLE 7

Incubuion time (h)'Bactcrill

Ovcmigh:3 6o Istrlin

1.0LU 1.01.01.0Gmzss

l x l 0 ' Z x l l f 'Zx l l7 '8 : 1 0 4 : 1 0GMZ56

xl ( )Z I I U ' 3 x1 0GMB645|y¢erd 2 x IU"

ND 1.01.0 ND ND5022

lx lU" '1 : 1 0 ND NDNDM511

n m 'l : l U ' NDND NDMiva! + glycerol

' The milurei were inmbated at 3»0(f. A1 specified time intervals, the mltures
were tested fof resuiction activity. Use EOF of SBS.El on GM236 and M5|l
relative to GM238 and 5022, respedively, are shown GM238 and 5022 were the
nonresuicling control.; ND not done.

C



'V
l70

FIG. 7. Effects of worm! on restriction activity and on grounh of
K. pneuntaliae GM236. (A) Dre EO? of SBSD on GM236 grown in various
concentrations of glycerd (0 I0 10%) in L broth. (B) 'Ute oo, or GM236 groum
in various concenuations of glyceroi. Bacteria were grown ovemighl to late
stationary phase and subculmred into L broth and L broth containing diHerent
concentrations of wceroi (15, 5, 75 and 1096). The cultures were incubated at
30C with rotation Optid density reading (0D.) and quantitative restriction
tests were perfomd at time zero and every 2 h for I0 lt.

1
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D ld r lh l lh l  d  x n u p o mn - In d u c e d  r u t r l c d o l  l ld  lo d ih c a l io l  lu u lu

o f  [ p q ]  u l  K p l l l

Dre phenoty pes :r f sy pic al point muums in resuiaion-nmditiati on sy smcms

D.

E q u z l n u m h e n o h h a u w o m n u n x r y p a i nareo »fn moty pes , rm u | d r m
I

distinctive propeny ¢,f¢yp¢ I and type III systems. In order to investigate if

Kpmki and KpnBl might be representatives of either of these two systems, the

numbers of the two difierent mutant typa following mutagenesis by operon

fusion with xdachlu was determined for both Kpmkl .md KpnBl.

Oi  : he 900 GM236 c olonies examined,  only  one spontaneous mutant was

dcledcd and this was shown to be rm

Transposon mutagenesis wish xpJacMu Ls a widely used method to derive

muLmtsc fE.co li ,butannotbeu.sedforK "" r | s ince pw xisuruble

lo adsorb In K. ' " . : . . However iff( 5 " f ff- contains the piasmid

pTrcryll which encodes (lamii) the gene for the x receptor protein, il can then be

infected wish x. Accordingly pTroyll was transformed into K pnaunaniar M5al

and GM236 by electroporation.

K. pneumoniae Mfml with pTroy}1 and GM236 with pTroy11 were

infected with 1p£acMu. Pools containing random xp¢xMu lysogcns were

collected. Conjugation of these pools with E :di 1228F'JR2 as :hc donor were

performed lo allow the enrichment of R-M mutants. Conjugants were then

Seven restriction muunts of M5a1 weresc reened for their  R-M phenotype

There were 38 rObtained, 3 of which (43%) were sn and 4 were rm (57%)

Themuunzs of GM236. 14 of whiCl1 (37%) were rm Ind 24 (63%) were rm

imuuon of bmh rm and rm muunls at the same ume strongly suggests that
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:gpm .nd Kpnm in members of ¢yp= lm we ul systems la u mguy

improbable mal may ue |yp¢ ll sysurm.

ntere is an EcoRI site within the £12 segment of the Aptachlu tnnsposon

(OConnof md Mlllmy- 1983). Therefor¢. DNA hybridization of Ewnwigumd

K 3 -"""" muuntdtromosomat i DNA wiwthefaclprobewould selec t for

nxuutiorsadjacenttotbetrmsposon. Thuxaslingkinsenionwouldyielda

singlehybridizationbeodi .nSoutbemhybridizltialwhenh:Zisusd| |e

probe. Muitipk hands would indiate multiple insertion situ Southern

hybridization of lacZ to EcoRI-digested DNA of all the restriction mutants of

K " " "~ "' M521 and GMB6 showed multiple bands. Representative results

of these hybridizations ate shown in Fig. 8. Consequently, dl of these mutants

had multiple xplacMu insertions.

To obtain single imenion R-M mutants, ftmher tnmposon-induced

restriction mutants of GM236 were done under diHerent conditions as shown in

Table B. The pruena of Ca" and Mg" iom yielded a significantly higher

number of mutants. Washing the host cells twice with stcriie distilled water and

inaeasing the helper phage concentration dsc yielded more Kan' mutant;

Eighty-nine restriction mutants of GM236 were obuintd. 6| (68.5 %) were

rm and 28 were rm (fiij %). The number oflacZ (Ap£acMu) inseniom in

these mutants were determined by DNA hybridization Six single A|;>£acMu

This resultinsertion mutants were obtained, four were rm and two were rm

again supponed the condusion nm the KpnBl RM system in GM236 was type I

or type Ill.

1
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FIG.  8. Auto: - adiography  showing hybr idi zati on of  M13 (pl2)  wi th
K.  pnnaunoruhr  GM236 iplac Mu mutants wi th the r  phenoty pe. Ge no mic  DNA
from the mutants were digested wi th EcoRI and probed wi th [ "P} -M13 ( lacZ) .
Numbers on the zap i ndiale hi ts.  \&hi3c numbers on the side rc presen! DNA
size markers in kb. Panel A ( land lT,  and 9-14)  and p anel B ( lanes 17
and 9-15)  are DNA of  GM236 mutants;  lane 15 (panel A)  i s GM236 wi ld- ty pe
DNA;  lanes 8 of  both panels are 1- kb DNA markers.

¢
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ln order to confirm that the single insertion transposon: were Ioaled

withinlheludgerhes. Pl tr| .nsduct iomo!Km'fromrmnndrm n mt mu d

KpnBl to the recipients, GM2.36R (rrn) md GM238 (rm) were conducted. lf

the uamposon were located within the KpnBL Kan' recipients would be expected

to have the R-M phenotype of the mutant donor. However dl Km'

tramductuus retained the recipient R-M phenotype

In mnciusion, a total of 7 r mutants (3 rm, 4 rm) from the KpttAl

system and |27 r mutants (42 rm S5 rm) from the K.pnBl system were

obtained The oeeurrena of rm and rm mutants in either system was

ap-proximately equal. These results suggest that Kprukl and KpnBI are members

of either type I or type Ill systems. Pl tramductiorts were performed in order to

Iomlize the xplhxMu insened within h.t¢{KpnB| region Although the frequenqf

of spontaneous mutants in the h.n:{Kpn.Bl genes ofk. .' - r ff- GM23-6 was

high (1 in 9m) Pl transduction of the Jtplxhtu fusions to these gena was

inefficient. A very low number of Kan' tramductants was obtained and all

showed the phenotype ot the recipient strain. 'ntere are at least two explanations

for these results: either Ap£ncMu failed to insen into we hd genes or they may

have become relocated through 'Mu tramposition'.

P l u l1 d ln 1 s I ' o r l | £ io l i a K . p | a | . n a : i ¢E.

Emc kn cy  u l pl ls lid  lnu fo r lul la n l l K.  p na un al iat  b y dl ll en nlI .

lldb ods

Sinn utnsformaii on M DNA i s a nec essary  step i n thc  i solati on of donc d

D N A ,  va r i o u s  m e t h o d s  f o r  t r a n s f o l i on  we r e  c x a . n1 i ne d

l



T77
_Ei ga

_Eg

_E_____ __2_ ___Q__ __

\ lca2
E
:
-_=
s

:.9

e ~o

§
§
E
.9

-
rx

|».| . - -

=LE~§

___0E__x___U sz ___

_D __3U0_8 =§____

bu b a s

E 05 ___ _0____x_g

E
\

A

~ uo cr~
v ac . - ¢-1 -

-
w e

E!  __2_!€
_

E
\ aso n w r v n o

__ _Ba

E
o~
oo

5 2 3 3
..= e 'e §
- . . :

X s_i___E

N 2 2 -
Q . . U

C
as

ei
z:
1 :
\ - 1

L .

2
s
D.2
ja
6
2
::u

72
75
5
.8
E
1:1
u

.¢:

a
E

g
E
8
E

E5a

CL

r :

g _.
~ §
a

E f

.gag
EEE
§§§
E i ;
E i ;

¢ §

E S . :

s w
2 5 5

g é e

_ § §

g é g g
5 2 5 7

.. u. .
E a a

9- 5 5 ;  ~

s :
E

§
S
2 vi

: I
a c r

A 0

g 2
" 5 . 2

s : 1 :
ca 0
: . E
5° c

F §

§ 5

5 3

; e
g 2

Z12 §

o : 1
5 . 5
§ § ;

e i

" I

:
s:g g "o

' - " E u
j ? m ? u F

` :
.1
`5
1

E
u
z
z

o
2 E

.2
Q s§ § °2 Ei

U1
f" i

§

§3
L

1.-ca

.g
-

Inc

1
. r :
.4

5
2

o
c
o n~!

z

ae
"a

EE
g
§

E
5:
*2
8

-

|:2

f n - j f x 1

.u 23 23s ' = = . . H

. . . u
- » " e » - > ~ m 1 . »6 . 2 5 2 2 2 ' m u

2 :
U

gg .=
s

bE 2 2
n n a n

o u o u

z >- > >-E3
2 3 N r'> '¢r \n ~o 1



78

1n¢¢m¢s=nd¢au=mmm»dm¢fpnn3zz DN/n»y(i) oa.»»==--

|b ad ,( ii )( ,| l¢a:-lhlwqd¢,md(iii)ekdmpolllionl¢1¢d¢I¢|m|nei To

| m im u = n m m m m ¢ f s =u » q , | n ¢ m | ¢ u m i¢ » 4 =s a ¢ m m i- u

Kp u| n| n| |k (5 (R2| nd GlZ| l) \wl¢ | | |d | | |¢ dp ie |m  T he nimlmm lim

c end§(mmhe|uhn.niu|m|n||peru|dpl.mnidDNA)a(lhelh| '¢¢

Trlnsformliionm¢Lma»wimm¢z»m=uaso22¢mGMz3ou¢¢bmmmT¢b1¢9

cfiicicncy by elcaroponlion was about 10' Lransfurmams per pg DNA in r

strains, which was I0'-fold higher than the eflicicncics observed by either hcal

Thus. il is condudcd that clectmpornion is the mos:shock or freeze-thaw

efficient umsfomutinn method for K. puaunonuhe and was thc method routinely

uszd

n u n  a l K p n A l nd  lQ: n B l  : e m- ia m-  ol  p lnmld  z n u lo ma n o nh.

Die efiiciendes of transfommion of different plxsmid DNA to the strains

anying KpnA! and KpnBI relative to zhe r mutants of both systenu were

determined. For this purpose, different plasmich were isolated from bacteria

ol3\er1.hanK rp """nngingfrom4.3 kb Lo 15.3 mud lIl! l5foITD¢d inlor

An ippropriatc antibiotic resistant markerand r sznins of KpnAJ :nd KpnBI

mlimplanmiduumedfornkdondlhelmliununa 'rmummusm

¢m¢smd¢¢fum»pmmiaDNAmr9mfnmmnfxpnumaxpnmu¢

lh0\|rllinTlb|¢l0. 11»¢¢m¢furmninn¢n'»=i¢»e¢inr'r¢¢ipi¢m»¢r¢zom

am-mulmwunmnpmwimfmipimu. fheredlldnnilltlillfonnltinll

¢fn¢i¢»¢yau»a~buyau¢mu¢r¢¢n¢¢im¢¢umyinr'mum. nmpmmiu

mumdmmmmwinqmmommummmumarwunqmxpwu
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A comparison of Lhc cfficicnqf of three mczhods' of pBRJ22
plasmid lmnsformation in K pruurnomkle strains

TABLE 9

Trans forma nu (A p c o loni c sfng DNA)

ElcctroporationCaCl,
Freczncahaw

CaCl,
Heal- shoc k

Resxricxion
phc noty pt

Bacteria

1. 0 1 ld7.0 1 IU' 1.0 x HT5022 r,,_,,,

1.01 IB' 5.0 x 104.0 x 10'GMB8 r,__,,

The details of these methods are described in Mcthodm

1
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K,pnBl ~ I rr.. tion System ma should therefore hi] I0 be ratricid when

transformed back I0 the r l u ; For ugmplc. plasmid PBI6 (isolated Emm

E. wif). which mibiwd ID approximately IG)fold reduction in Lmnsformnion

dlidcncy (Tlblc 10), was isohtcd from the mmm; Lrlnsformml Ruin of M511

(r.......m......) md GM235 (r__m__). 1 2  . . . . . _ f , .  ~  ~  w e r e

transformed back into M5a1 and $022 (for the KpnAI syslcm). and into GM236

mdGM.?38 (fa the Kpnill syMem) Tnmsformarion efliciendes ol modified and

unmodified plasmid |3836 with r' md r strains of KpnAI and KpnBI are shown in

nm ll. As erpcdcd. md in oontnsl to the results of the first round of

transformation approximately equal numbers of transformants were obtained

frombolh the r and r strains ofboth KpnAl and KpnBl systems. It was

concluded that pBg6 oontnined recognition sites for both Kpmkl md KpnBl and

that the restriction of the plasmids was prevented by using a plasmid modified by

the ~_ »~. - system It was possible that those plumids. such ss pBR322.

pTroyll, and pBJl, which gave about eqw transformation efficiencies in both r

and r recipients, contained no rasognition sequences for either system.

A¢a¢¢m1==amm¢.m¢xpns|»=m¢sm|yu¢mamq»¢nmm¢»uiuv¢

m am¢b¢ 1=| i |mmi | |nu4z'c mu|p|¢m| y | \p | im=am¢r ¢¢ui ni¢n

mnni mnmua ) .  la i s r ummhkmumunumuulu uns r i e n i mdplumi d

DNLl| ilhdi l| `en=mmodi5a\ ion|ped6¢i |i¢\ .nnhep¢v¢nlu|by\imp|y

g¢¢|q||¢¢, i|¢ |.| y|,¢ (r', ,.m',, ,.) |edp|¢moe|||a|42'C f~`urua|||pk,||m

p|: |m5¢h,.pB|JmdpB|&,wene\m=dmulnlfarmeelhvhi¢hhldbeenpvvn

a v ¢ m i | h m 4 z ' c .  ~

l| I | | r 'm: ipl¢n\ | l|ho|mi | \T|bk IZ T| |erefM¢. i lwucm\¢|uded|h| |\v i \h| | |e
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Transformation efficiencies of modified plasmids. upresscd as the
number of Ap' mlonics per ug of plasmid DNA

TABLE ll

Moainm
PBs6'

No nmod i f i e d
pBg6'

Restri ction
Ph¢f\0=w¢

Bacte ria

5 x l ( 1Sx llf5022 fu-u
\

u m '1x|0'M5al r , , _ , ,

zum?3114?GMD8 r,,_,,

ZxICV4110*GM236 r , , _ ,

Nonmodified plasmids were obtained from E. coli NM522.

' Modified plasmids for KpnAl and KpnBl systerns were prepared from
K pneumonia: strains M5al and GM236. rcspectiveiy.
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TABLE 12. Transformation efficiencies of pBg3 And pBg6 in KpnBl strains after
bacteria! growth at 42C' cxprcsscd as the number of Ap per ug of
DNA

Trallsformalion efiicicncicsRcslridion

PBs6vBs3vmmwBacter ia

u l f r ' n u rGM238 r,_,_,,

4110* 3110*GMD6 l l - I

' Ovemighl c ultures of  K.  puvumomhe GM236 md GM238 as 42C were used as
competent c ells and tramformai ion was per fo d by the electr oporation

method.

Q
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KpnBl syszcm. the restriction barrier can be circumvcnted by growing the

recipient cells al -l2C.

cmNlNc OF KpnA| AND KpllllPART Il

Several approac hes were used to auempl to c lone she Iudkpn genes

A cloning into phage 1: B. DNA hybridixation to other known RMThese were

prDh¢$I C transposon mutagenesis {Ap£acMu); and D, cloning mln a plasmid

Cloning lnlo phage AA.

This method is based on the assumption that a t phage containing an

intzd KpnBI modiEc ati on gene would be capable of  modi f ying i ts own DNA.

enabli ng it to propagate fr eely (wi thout r estr ic tion)  i n an r strain.  whereas those

A phages wi thout a Kpr tBl modif i cati on gene would be unmodi fi ed and therefore

would be restr i cted by the r strain.

\

A BamHI hbmry nf K pneumolukk M531 or GMD6 chromosomal DNA

nwas I i guc d to ADASl{ " '  pac kaged and used lo i nfec t E. coli H3192 { r ,m _) .

order  m enri c h for  m dunes thi s 3mpliEc d M5al lahrar y was used to i nfec t

The ampiiiicd GM236 iihrary was used to infectM5al containing pTroyl1

Howc vcr . x phage fai led lo propagate in theseG M36 oontamnng pTroyll

strains. Although x phage produc ed an area of  ly sts when a high oomntrauon

the lysate was spotted onto a top layer  of  K pncumomue wi th pTroy 11,  no

plaqua were produced at higher  di luti ons. Uri s result ts reminiscent of that

obtained with coli ci ns, in which undeveloped phages faii cd to mature (Bradley,

1967). Thus although , \ phage couid r nfec t str ains of Klebsiella c ontaining

of
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pTr0y1l, the phage [ailed lo propqne to maturity. Therefore this method was

unsuitable for the cloning of Klduidla RM gcnes.

Hyhfummn vdlh use n-M DNA prvhesB.

DNA hybridization an be used as | method for idcnlifiation of 1 gcnc in

restriction digests of chromosomal DNA if thc gene hu reasonable homology

withasuiuble DNApnobc. lnthi.s\ray,R-MgcnesollheEsystcmcrfE.coJi

(Fudlcr-Pace cl al., 1985) and gcnes of the Cfrl system of C£rmba|:1afruudii

{D;nicl et al- 1988) were suoccssfuily cloned.

Hybridization studies of representative clones of both known type I and
type III RM genes were used as proba in attempts to loate DNA sequences fin

chromoeomlil DNA of M511 and GM236 that mm homdogy with these

systems. The probes used were specific, chromosomaliy encoded type l R-M

genes HMK. !udA. fudSB, the plasmid-encoded type I RM gene Eool24,f3. and

the type Ill R-M systems of Pl. FIS and LTI.

Each probe was hybridized to EcoRI-digested chromasoma! DNA of both

M50 lnd GM236. Rcsulu of the hybridizaljons are summarized in Table 13.

Figure 9 shows thc hybridization results of 125 SB probe to EcoRI-digcstcd M511

md GM136duo 1 ~  DNA. Twoof the probes. SB and K. hybridized to an

approximately 72kb fragment of the EcaRla1£ GM136 DNA. No probe

hybridized to M5a1 DNA___Thes.e results were interpreted to indiale mai KpnBl

)NA h0|f'J\0Q' with SB and IL bun mal KpnA! sued noprobably swed some E

homology m my of the R-M syslcr m r¢pr¢seme by  t he  D NA p lo ba
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Hybridization of drromusonul DNA of K. praeurnoninr M5a1 and
GM236 with different ind DNA prdm

TABLE I3

("P}-1.u>=|¢a moe
Bacteria
(Ph¢M¢vv=> Ee nl24 /3LTIIPlSB K A

Ms.\uqmAn

Gmzuaxpnal) 1+

The probes used were

SB - I  'Une 2.6- kb HindlllEc oRI  SB-spc df i c  f r agment m pXCl (Ry u et al

1988).
K =  The 33- kb B amHIHin dlll  K- spec i f i c  f r agme nt c lon ed i n p RHl
(Daniel et M.,  1988) .
A -  The 1.1kb Ec oRI -BamHI A-spec i f i c  fr agment doncd i n pFFP2€l
(Daniel et al. , 1988).
Pl -  The 9.4 - kb Ba mHI -Ba mHI  Pl - spec i f i c  f r agment  i n pRH2l2 ( Mural

et al. . }979).
P15 -  The  9.4 - kb B amHI BamHI  P1 5-spe c i i c  f r a gment  i n pSHl ll80
(Bachi and Arbcr . 1979).
LTI  s The 7.4 - kb Pawn! !  LTI - sp edE c  f r ag ment  i n  pRUCL 52l
(De Blc ker I nd Colson.  1991) .
Ec ol24 / 3 l Tm l4 . 2- Kb  Ba mHI Hi nd l ll  E c ol24 / 3- sp e c i f i c  i n p UNG3 0
(Fi rman et al. , l985) .

+ = Good hy br idizati on
1 s W eak hy bridi zati on

/

1



»
l 4

87

FIG. 9. Aulomdjogrnphy of DNA hybridlnlion of 1 ["P}-labeled 2.6kb
Hindlll-EcoRI fragmem of pXCl (ludhf dune of SB) to EcoRI-cligcnd
K. pmumauhe M5al ( 1) and GM236 (lane 2) genomic DNA. Numbers on
the side represent DNA size in kb, while numbers on the lop indicate lanes.
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n\¢sBmdm¢K»y»wmh=\ongmmu»n\¢t |mi¢y<¢yp¢l)»nd»hu=

DNA homolog (Murray ex ll.. 1982). The IudR Ind the ludbl gene pmducu

from the SB md K syslum funaionmlly mmplcmenl £16 other (Vln Pel und

Colwll. 1974). 'nm Kpnlll hybridized m both SB ma K PNDG "ms therefore,

nm urupeaed.

In order  lo done the 7.2- kb EQDRI  f r agment of  GMB6.  thc  chromosomal

DNA was isolated. digested wi th EcoRI ,  and elearophoresed. DNA f r a gments

covering the 7.2- kb region were r ecovered. ligated inro pB1uesc ript, and

tnnsformed inro E. coli st r a in  NM52 2 ( r . m. ) Colony hybridizati on wi th rhe SB

probe was used ro saeen for  the dunes c onwning the 7.2kb f r agment.

Plasmids were isolated from seiecied clones which hybridized I0 the SB

probe. Isolated plasmids were puriied and subjected to restriction erdonudeasc

digestion. After anaiyzing the complete. panizi, and double restriction

cndonuciease dgestion pattems, a restriction rrup for the 7.2-kb done named

pB.l1A was constructed md shown in Fig 10. A done which contained a

difierent orientation of we 72-kb DNA fngment was misc obtained and named

pBJ1B.

The resuiction activity cxpfesscd by Lransformams carrying pB}1A and

However, E. coli carrying either pB.llA orpB.lIB was dclcnnincd with phage 1

pBJlB expressed no restriction. Accordingly, both pBJlA and pBJlB pilsmids

were tnnsfnnned into K ~ r 7,, GM238 (fu-lm ,,_,,) in order to examine

the R-M phenotypes with phage SBS. However, the '."'~"="" recipients |g;in

expressed neither restridion cation. Thus the ?.2~kb fragment either

contained only pan of :he KpnBl genes or was a difierenl gene.
Q
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FIG.  10. Restr ic tion map of  pB. | lA whic h i s pBluc scr ipl""  wid) a 7.2- kb Ec oRI -
f ngment  of  K. GM2 3 6  D NA . The SB homologous sequc na was
loaned in the cti on c ompr i sed of  an approximately  L7kb Pwll f r agmc nt whic h
over lapped ihc  Hindlll si te of  1.2- kb and 1.7- kb Hindlll-Pnl f r agments (my
zone).

/
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Furlher DNA hybridization experimenu were perforrned to iocaiize the

hndSB homologous [gm on the 7.2-kb &:oRl fragment The 7.2-kb EcoRI

fngmeni wa.; an with differenz restriciion enzymes and then probed with the

2.6kb HindlllEcoRI SB fllgH|¢nl. The Z6-kb mass homologous [QW] was

located in a 1.7-kb Pwli fragment of pBJlA. whidi is indicated in the plasmid

map in Fig. 10. When mis l.7kb fragrnent itseif was used as a probe to hybridize

with BamHI-cu: pRHl (an mx done) and Hirldlll-EcoRI-cut pXCl (an msn

cione), il hybridized in a 3.3-kb fmmcnl of pR}-li and a 2.6kb fragment of

pXC1 (Fig ll) verifying ihai the Klebsiella GM236 7.2 kb-fragment shared

homoiogy to shun regions within boih h.¢d'SB and HMK.

a 1.2- kb Ps! !-Hbldlll f r agment and a 1.7kbAowrdingly. two fraglncnu \

Hindlll-Pnl fragmcnt, which together include the 1.7kb Pvull Klebnblia fragmcnl

were subc loned fr om pH.llA to pi iluesc ript by  the 'quic k sub-c loning method'

(see Materials and Methods)  and designated pBI2 ( for the 1.2-kb f ragment) and

pBJ 3 ( for  the 1.7kb fr agment) . Dm restr ic tion maps of pB.|2 and pB.I3 are

sh own in  F ig ,  ll The DNA of  both pBI2 md pRI3 were sequenc ed in both

di r ec uom by  the ddeoxy  lerminanon method for  about 3(1)  to 4(I )  bp fr om the

Hindlli  si te whic h i s loated i n the c entral r egion of  the 1.7kb Pvull Klebsiella

fr agmenL A sequenc e of  672 bp. 40% mverage of  the 1.7- kb Pvull f ragment. was

obtained (Fig 13).

A computer  sealch f or  sequence simi lari ty  between we 6?2 bases of  pBJ l

md the sequences of  h. sdK was conducted by  the method of My ers and Miller

(1988) using the NALIGN program version L10 M PC-Gene ( lnlelliGeneli c 5,

Mountain View,  Cali f. ) . The parameters f or  sequenc e mmpari sons were varied.
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F I G.  l l . Hy br idi zati on analyses and restr ic ti on maps of  pRHt and pXCl.
{A)  Autoradiograph showing hy br idi zati on of  the 2_6-kb HindlllEc oRI  f r agment

of h.sdSB fromIXC l ( l ane  2 )  an d 3 3- kb  Ba mHI  f r agmen t of  ! u dK  f r om p R} ll
( la ne 1)  wi t hl }1.7kb Pvull f r agment of  GM236 der i ved f r om pBJ 1.
(B)  Restri c tion maps of  the MIK c lone (pRH1)  and the h. sdSB done (pXC1) .

1
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F I G .  I 1 Restri c ti on maps of  (A) pBJ 2 and (B)  pBJ3. pBJ 2 lnd pBJ 3 were
der ived f rom pBJ 1 whic h c overed the SB homoiogous scquc noc. pBJ 2 contains a
1.2-kb Hindi ll-Ps! ! f ragment of  pBJ i whi le pB}3 c ontains the 1.7 kb of  Hindlll-

Psr l f ragrnem.

1
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FIG. 13. Nudcolidc scqucna of the 672 bp mvcring a ponion of DNA in
paz (374 bv) and pH.l3 (298 bP) extended from bolh sides of the Hbrdlll site
(underlining with boldfaoe).

1
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nie largest continuous region of homology was only 9 bases. Overall sequence

§.in1il.nritywuno1s.ig;niEant. Anopenreldingfrmreo!282bpwude¢ec¢ed

uithinthe672-bpregionofpBJlwhid1showedsimiluitytotheKsystem This

openreadingfnmewulhourntooodefor94nninom:5dsmdhlda98' l=

probability of wdins for a prozein Using the suns pmgnm, signiiianl similuity

betweenh.mfBu1dh.mfKwasdcmon:ua1ed. Nosi;niiian1sin1iluitywudemecLed

between this 672-bp segment and my other proaryoiic DNA sequences in the

promryotjc DNA dau bank {whiCh contained 6,854 data sequences). Haus the

reason for the homology between the 1.7kbKlebnblla fragment and »'udSB and

Il is possibic that there is greater similarity within the 60% ofh.dK is unclear

the f ngmc nt not y et sequenc ed

To determine whether  the 1.7 kb-Pvull KI rb.u§eUa fr agment c onsisted of

DNA unique to K.  pneumoniae GM136,  the fr agment was hybr idi zed to EcoRI

E. coli cxnso (withdigested chromosomal DNA from different enteric bacteria

h.dK) , E. coli C,  E.  wi  23?0 (wi th nJ dA)  E.  c oli  4031 (wi th HMSB) ,

S .  ' P  ~ .: . I  Ln  (wi th HfdS&  msn .  an d hs a'LTl) ,  K.  p naun onia e M5 a1 ( wi th

h.¢dKpnAl},  and K. pr ic urnaniac OK!!  (wi th ! udKpnl). Thi s DNA f r agment

hy br idi zed to all samples of  DNA as shown in Fig. 14. Huis the Hebsiella

fr agment probabb contains a sequence that is c ommonly  present in most enteri c

bacteria. Thi s interpretation would suggest that the hybridi zati on of f the 2.6- kb

SB-speci fi c f ragment was assoc iated with a shon region of  homology which may

he unrelated to DNA restri c ti on or  modi f i cation. E.  c oli  C which has no R-M

sy stem also showed hybridi zati on to the 1.7- kb Pvull f ragment.
/

1
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FIG.  14. Autoradiograph showing hybr idi zation of the ["F}-1.7-kb H-ull
fr agment nl plll i wi th c hromosomzd DNA der i ved f r om di f f cren!  enter ic  bac ter i a.
Genomic  DNA were digested wi th ECORI  and probed wi th the 1.7-kb Pvui l
fr agment. Numbers on the mp indiaxe I nnes. ,  whi le numbers on the side
represent DNA size : rmrkers i n kb. Lane l,  I kb la dder ;  l ane 2, K pneumoniae
Mial {KpnA 1) ;  lane 3 .  K pnmmmf ae GM236 ( KpnBl) ;  la ne 4,  K.  p nrumoruhe
D 8 ; 1 me 5 . K lp n e u m o n £ a e o K B ( K p n I ) ; l ; n e 6 , E . c d i C ; lm e 7 . E . c a ! i - 4 0 0 1
(SB) ;  ww 8.  E.  mu 2379 {A) ;  lan e 9.  . i  W hgmwiwn um (SA .  SB.  an d LTI ) ;
lane 1Q_ E. c oli NM5 22 (K  mu ta nt) ;  l an e l l, E. c oli mns o (K ) :  a nd la ne  1 2.

I  k blad de r .
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Tu¢nybnai»u°nn|m¢1f»:»ss-»p¢ds¢n»p=n|m|a¢udunNAu

muungrpumeu. llispmliblelhalarqionwhichmdestoraoommonflanction

cn|'allenlerich\¢1cria.suchudanordan.i||djaaen:mlh¢hld|¢ne|. nm

imefp|'elasionuuuldmemlha||heKIdli¢I|DNAtr|||nen1|elecledfor
h

hyb|idimlionwlhehdSB|¢n:l|'lpneulm|yemuinDNAunreJ|\edm

|utriction|.|\dmodi5mtiondKpd|.

Gonlng by lntxposon (XPIEMU) |nll¢aahC

Cloning an RM gene by using a xplacMu transposon involves random

insenion of the Lrmsposon into the host chromosome and seiection for

reszrictionless mutants. Once the munam is isolaied, it is then passable in idemify

and clone an EcoRI fragment which contains the lacZ end of ;\p{aMu and pan

\

The rcstriction map of AptaMu at the lacZof the inscncd gene (h.sdKpnBI)

terminal, which is idcntid lo Mu dll, is known (OConnor and Malamy, 1983)

'DHSEcoRIAn EcoRI site 15 located 43 kb from :he lacZ end(sec Fig. 2)

chromosomxl1kxZ fusion DNA fragment can then be identified by DNA

The id-cnlificd DNA frngmcnt whichhybridization using lacZ as a probe

oontmins kxZ can be recovered and used for funher doning of the Ind gene

`D1is method is oonvcmcm and has bccn used to cstimazc the insenion

UVinduction of thelocus of xplacMu in mx gena (Puma ex al 1901)

integrated AphxMu Iysogeu ads-0 allows isolation of the genes adjacent to the

tnmspoeson. Ona the fragment containing borh MZ Ind pan arf the gene of

interest is dnned and a restriction map is made a chromosomal fragment can be

isolaied and used as a probe an search for an entire (fundiona1} h.dKpnBl clone
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from a plasmid libnry derived from the wild-type DNA. 111|-u. in order to done

the mxpnsl genes by this method. comtmction uf xpfaMu fusion muunu is

n e c c su r y

From 89 r muunu obtained f r om exper iments two to si :  (Table 8) .  S4
0

strains were selected for a DNA hybridzation study with n ['P}-!¢xZ pmbe. Six

muuntx which contained singie xplxhfu ins-enions were selected as andidam

for gngmpu as doning the Klebxidla R-M gcna

If ,\plxMu (which contains one EcoRI site) is insened into an h.rdR gene,

different r mutants would be expected to yield EcoRI fragzments of various sizes

from that region These fragments an be identified by hybridization with a I¢xZ

probe. Thus. at fragment of DNA identified as pan of IudR by hybridization with

lacZ could then be used as a second probe to hybridize with all the Aplachiu

insenions (both single and multiple) to identify the iudR gene in the mutant;

On the other hand if the fragment used as a probe atne from a random

insenion, the :hP.."f of a shift in the migration of an EcoRI fragment in other

tp£acMu mutants should be very low.

All si.: singie Ap{acMu inseninn mutants (4 rm and 2 rm) were used for

doning the single EcoRI-IacZ~hybridin:d DNA fragments into LambdaDAS|'{"'

A A pool whlch contained random inseniom origmaling from each mutant was

screened for the clone containing the lacZ gene. Two methods of screening for

kxZ-|;xJsitive dones were performed.

I n the lim method,  the 1 done pool  ( of  two single rm 1p!ac Mu insemon

mutants)  was pialed on a lawn of El coli IE39 2 ( lac Z)  wi t h X- Gal  bu t wi lh oul

IP TG. The f requency  of  blue plaques obtained was about l%. These
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LlmhdaDASH"' done; should have contained chromowmd fngmenu with l

lacZ-fusion gene. Ten represenulive, ufeli-isolated blue plaques (GIV) were

scleaed and propugnled lpin on E. mi! L£392. Their DNA were ertncled, cut

ufiw£caRl,anc|nunonelecxrophorai|gels. Fin;lly lheDNAwasb5ottedontoa

nitroocllukle membnne and hybridizd with an E. oo l i lx l probe. However,

ll wu lherelone eondudd lhunon¢dLhcscxdonuhybridimdto£lm£HncZ

none of than dana clinuined a AplacMu-chromosomal junction fragmenL Since

the lacZ genes ofK. f |~ f| and E. wlioonmin about 60% DNAsequence

similarity (Buvingcr and Riley. 1985). we dunes may oonuin the K I ~

kxZ gene. However mother possibility is that the doncs might eonmin I

A-guhemsidue-like gene of K l - ~ - such as ebgA (evolved

5-gxlactosidase) gene. Stoke el M. (1985) reponed um the eb;/I gene ofE. onli

K-12 mnlmined 50% nucleotide similarity with the E. coli BIZ gene. This gene

codes for an ineffective laczase however upon we occurrence of :wo point

mutations the enzyme is able zo replace the function of :he lacZ B-gadadosidase

(HILIL 1932).

An dlcmllivc method for selection of lacZ-positive done: is by

~ wilh a lacZ probe. Accordingly. .\ plaques from Lhe A clone pool

which hybridized to a kxZ probe were selccied and propagated in E_ coli I F191

DNA was extracted .from each clone md ml with EcoRI Southern hybridization

wnflrmed the presence of the lacZ fr xpncm. The  E wR l D NA fngmem w as

subdon ed imc  \ be plasmid vec ux pB luaaip \ " '  md I  r c sui c l i on su p nl'  eac h

don :  wls e on smmed  u si ng E w R l . Ba mHI ,  Hi nd l l l,  md  Pn l  (Ta ble  N) .
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Summary of donjng of the Incl junction of the six single
ApfacMu insertion muunu ofK pnaunauhe GM236

TABIE 14
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FIG.  15. Hy br idi zati on of  K pneumoniae GMZS6 c hromosomal DNA W m a
ponion  of  th e x| ! nc Mu i nsc nio n mutant #4  DNA. Auton diogmph sh owing
hy br idi zati o n of  the DNA  f r agment nm to t he l ac Z operon fusion of a singie
tp!ac Mu inser ti on mutant I 4 ( sec  Table 14)  wi th the c hromosomi tl DNA of
IC pnaunoniac GMIL36 J .plac Mu inscnion mutants showing r  phenoty pe (I nna 1-T
and 1 014)  and t he wi ld- ty p:  DNA of K pna unoni ae GM236 ( lant 15) . l a n e  8
contains a I -kb size marker . 'Die DNA in lane 9 was dcgradc c l
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wild-type DNA which indialed that the probe was pmbably not chmmoi-cmd

DNA. llisposu'blcLh\ltl1epru»beoomisledoniy0!MuorADNA,sinoescveraI

hybfidiredbandswercobservcdinlherm mdrm nmunuus bo wni nF||. 16.

II was also wrwn um this probe hybridized to the high-moiecdar-weight mukcr

whichi§madcof1DNA Thus i lwuoonduddlha lthcDNAfr| ,g1ncn\

zdjaanl molar;-Zi n muunts ll  md |2 wupa n oh DNA

In cnwusion. although a number of single AplaMu»ins-:ned dana were

isolated.  none conlainéd : hc  KpnBl gene

Cm -4 nm ,umm pB¥J22D

The last cloning approach was to clone h.sdR gene into a plasmid vector.

This methodology us based on the knowledge that HMB-containing bacteria

restric1 non-modified phage. whereas bacteria without h.dR are lysed by non

modiied phage. lf the J'udR gene of KpnBI were Lo be cloned in a plasmid and

Lrarlsformed to an rm recipient of the same system. the all carrying an iudR

gene in the plasmid could be delecied by its ability to resmrics SB-5.0.

'Huis cloning approach has sevem advanuges. First, this method allows

the cloning and expression of the clone in a K pneumoniae hast in one step

without passing through E. coli as is necessary with the cloning procedures used

1979; Fuiicr-Pace ez ll. 1984; Firman el alfor  other  RM sy stc rns (Mural c l al

1988; and Hammond ct al. 1990; Dc Backer and Cohan,1985; Lunncn et al

`D\isis|.nimpon;nlupecttooomidcr,asillsalsopossiblctbatth-eludm n

Secondly, I. don: whichclone of K. pneurnomkae may no: be expressed inE. cali

contains only the IudR of type I or type III cannot be expressed unless thc
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FIG. 16. Hybridization of K pncumaullc GM23-6 dlromosomxl DNA with z
ponion ol the AliacMu imcnion mutml !l DNA. Autondiognph showing
hybf idintionoflhcDNAfngmen\neJn1.othekxZoperonfusiouof |singlc
;placMu insertion :nouns II (see Table 14) with the chromosomal DNA of
K. pmunsomhc GM236 1p£xMu insertion muuum showin; r phenmype (lanes
S-15). GM236 wild type (lane 2). GM238 (lane 3), and GM236 arrylng pTruyll
(lane 4). Lune l contained I-kb DNA marker md high-molcmlar-wcighl under
(made of A DNA).
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cnmpleaesyszemispmvidcd fhisapprmchhnwmecxsevcnloondiziomwbe

Anrms1rainof thesystcmtobedonedmus!beiso lated.u1dasuoe&fu1

high-cflicienqf method ol plasmid Lrmsfonnalion. as well as scrccning conditions

Lo dffcrenliale between the phenotypes r Ind r nccds to be established.

RCSI.1|l.5 of EO? in Table 6 ,how that sas.u plates at an EO? M l.boLIl IU'

on r K pmmmmf GM236 when grown ar 30C. I11us if an !udR-uonuining

plasmid in rm GM236R expressed similar f¢SLI'i¢!.ion eczivity as :he wiid-type .

GM236, a IJLKI)fold enrichment might be expcded. The procedure for using this

cloning melhod was as follows.

K.  pneurnmiae GM236 DNA, panially  digested wi th Sau3A1,  was li gated

into BamHI - li near i zed.  dephosphory lated pBR322 DNA. The li gate d DNA was

transforméd into a K. pneumoniae GM2 3 6  r m mutant  (GM23 6R)  by

eleotroporatiore Tmnsformanls were plated out on L agar  plates c ontaining

ampic i ll i n and i nc ubated ovemjght at 30( . . The c olonies were sc reened for  the

r, ,_, phenoty pe by replic a plati ng onto a lawn of  SBS.0 phages. It was expec ted

that an fu4- clone would r estr ic t the SBS.0 phage and thus sur vive on the plate,

whereas other c lones would be ly sed. Any survi ving transformants c ould then be

tested f or  RM phenoty pe wi th phage SBS.

Approximately L2 x IO' Amp' transformants were saeened. Figure I7 is a

picture of a survirdng colony on one of the rest pine; Thirty-si: Amp' colonies

which survived exposure to phage SBS.0 were tested for their R-M phenotypes

Two clones had the r,,_,, phenotypeSixteen were SBS-resistant and I8 were r

The plxsmids in these dunes. duigmmd pKpnBl and pKpnB7. were exxn/ned
4
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FIG.  17. Demonstnlion of  the technique used to selec t f or c lones exhibi ti ng
th e  r m phenotype. A genomic  li bruy  of K.  pna unauhe GM236 (wi ld ty pe)  was
made using pBR322 as a vec tor. The plasmid po ol wnuining mn dom inser ti ons
wz s u s e d to  t n mf o r m a K . p r la u n o r u h e GM 2 3 6 R m u ! 1 n l ( r m) . Th e .
mmformanu were plated on L agar  media supplemented wi th nmpic i i l i n
(IJIIJ ng/ml). Tbc growing colonies were rcs'lia plated on L lgxr mcdia
supplemented with ampicillin (1,000 ug/ml) { atc A) and L agar containing :hc
same concentration of ampicillin but seeded with SB-S.0 (Plate B). SBS.0 carries
unmodified DNA fo! the K.pnBl system which would be restricted in the presence
of a functional KpnBl R-M system Plate A shows the initisl selection of
x  Pf l f wf lwi r alls which express we antibiotic ruisunoe arried on pBR.322.
Plate 8 shows the cione which expresses both the antibiotic raistma and s
functional R-M system. The backgrourd on plate B is made up of K pnaunonine
which has been lysed by SBS.0 and minimally growing SBS-resistant wlonies

C
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f r o m¢ a c h d n n ¢ u |d l r ms l o fme d h a c k \ n K p |a u r u » | ia e G MZ3 6 R ( r , _ , m, , _ , )

mdxher csu iaionphen aypewuoon fnn-next

Tm pxpnm plasmid hm a oz-kb mn ma un pxpnaz plasmid

contained I shoner 5.7-kb insert A restriction ml? ofeuth plasmid vu

mmaruma for .=;¢0R1. Ha-|dllL mg Pnl. 1m restriction mlm of pKprLBl .nd

PKPHH2 are sawn in Hg. as ma demonstrate um me shorter 5.1sb fragment of

pxpnsz u anduam wilh.in mc larger 62-nb fragmcut of PKPf1B1 bm in uw

opposite oricnulion.

To determine whether the h.dM gene of KpnBI had also been doned and

to determine whether KpnA1 and KpnBi complemented each oLher. the plasmick

pKpnB1 and pKpnB2 were transformed into the rm strains off( r - |
GM238 (r,,_,m,,_, r',,_,,m',,_,,,) and 502 {r,,_,,m,,_,,, r',,_,,m',,_,,) and into

M5akR (f,_,,m,,_,,), and the RM phenotypes of the transformants were

determined. All GM233 transformants exprased the r,,,.m,,_. phenotype, but

all 5022 and M5a1R transformants expressed only the recipient phenotypes.

Utus. the plastnid-associated KpnBl genes complemented KpnBI on the

chromosome but the restriction subunit of KpnB| faiied to complement Kpm\I.

Moreover, sina neither 5022 nor M5a1R were complemented by KpnB| on the

plasmids, il is probable ma: only pan oflh.sdM has bean domed. lf KpnBI is a

vp#Iwww.i\i»z>wibl¢w=1=d1°f*=~=dMbu=°nIrpv10~ffvdSh=v= been

dcned, sina the product of »'udM and IudS are both required for the functional

restriction endonuclease

Bc musc  of  the possibi li ty of simi lar ity  between KpnBl and K sy stem.

complementation between qmnl and K was also tested However, when the



»
Il lé

HG.  18 . Restr ic tion maps of  c lones (A) pI~'LpnBt and (B) pKpnB2. lnsened
DNA i s shoufn by  Lhid shldow,  whi ie pBR322 vec tor DNA i s shown as a single
li ne. A pKpnB1 oonuins a 6.2- kb sec ti on of  imened DNA et the BamHI  si te of
pBR322,  whereas pKpnB2 contains a 5.7kb segment of i nsened DNA at the
same si te of  the vedor Restr i dion endonuc lease si tes and I oati on are i ndi c ated

1
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pKpnBl md pKpnB2 plasmids were transformed into E. ml! XL1-Blue (r,m,)

dl tmnsfonnmts expressed only the r,m, recipient R-M phenotype. 'I11us the

restriction subunitofKpnBIfa.i1edlooomplemenlther mitoflheksynem.

lnorder todeterminemoreeuctlytheloationdtheiuzdkintbe

pKpnB1 clone, different restriction fragments of pKpnBl were suhciofd into

pBR3Z2. Complementation tests of each subdone with both the r,,_,,n1,,_,,,,

GM23-6R and the r,,_,m,,,,. GM238 were performed and the RM phenotype of

each subcione determined. 'Die results of these complementation tests are shawn

in Table 15. The smallest DNA fragment to retain restriction, EO? of ltr' in

GMBGR. was we 3.9-kbEcoRI fngment However, the higher EOF (lU') and

weak modification activitia were ~ with GM238 recipient. It is possible

that one of the EcoRI sites cut within FUAIMgene.

To verify if the pKpnB1 plasmid contained my DNA sequence

homologous lo pllll, ihe 3.9-kb EcoRI fragment was used as a probe to hybridize

both the 72-kb fragment of the pill] P||§|njd and EcoRI-digested GM236 DNA

No hybridization was detected in we 7.2kb of the pBJl, but a single 3.9-kb band

was detected in the EcoRI-digested GM236 DNA. 'Huis result confirms that the

pBJl pilsmid oonmncd DNA fmgmems ozhcr uun )udKpnBI gene;

n NA| ym 4 m u » » u n ¢ 3 . H¢ E m m m p ¢ n u p Kp » s \ u » a | mF.

: link hdc fill DNA

To determine whether the KpnBl system shared uxy DNA homology with

chromosomal DNA of other enteric bacterh, the 3.9-kb EcoRI fragment of

pKpniI was labeled with [a-"P}dC'iT' by nick translation and probed agzimt
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E c o R I - d i ge s t e d  ~ DNAo f K  l r|  Mja l (Kpmkl),

K r - .r | 54I22(KpnAl).E.wli(}SH50(K).E. co£iD79(A),E.co£i400l

{S8 ), S.  ~ "* "LT2(SA. SB,andLI1 ).E.co£iB(B).mdE.wEC.

r c ;  ~ "'GM236(KpnBI)LndGM238(KpnBl)wereusednpol§t iv¢

controls. I11ercn11tsoff thde*'"""*tion§|resbowninF1|. 19. Only

K. " ' ""-GM23=6u1| : |K.  "' ~  ° """**aDNAfng1:nent

(3.9kh)whichhybridiud\ithlheprobcandnoo|hersLrninsshowedanyDNA

homology to the 3.9-kb probe.

'n i c s a mc p r o b e wa s a ls o u s e d to h y b r id i z e wi lh o lh c r c lo n e s o i k s d g c n c s

None of the/uddonesin the plasmid vccxors Pl PIS, EUUIZ4/3. md L11

showed DNA homology with the 3.9-kb probe. The hybridization bands in llncs

1, 12, 13. and IS were due so plasmid vector DNA contamination in the 3.9-kb

EcoRI Pwr:

These hybridization results fu r onnl'1m1ed that the K.pnBI system is

unique and siures no homology with KpnAl other enteric bacterial DNA nr

other R-M syslerrrs rested.

To|ui|1in§h¢da|wi|qof||¢||e(»)e1\eodi|§|f\|n¢\ion|I|undiin|ion

lnivily, funhel hybfidiulions between | 3.8-kb Hlhdll fnynenl from pKpnBl

(me Fil- ll) and wim-|yp¢ Gmac DNA muvixh diltltlil |yp¢ ll rslriniou

enzymswerepedomued. 11\¢r:ulud|hesehy\nid.inlionuesl|awninFi|,ZJ.

s¢v=ru¢¢wia°n¢my|»=n»¢¢h¢GMz3eDNA-na»h»~¢d¢¢n¢|¢pmi¢w¢

~ um. nw sum annul mo u-L syn (mm I7 km. Hmaul

(4.9 u>),man|(1.1 nm). Olherrzslliction ¢mm¢». Emu. rwu,maxp»||

m w lzzm s pdm nym am m nm m rs w ah l y.  Fm m lhe le
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HG.  1 9 . Hy br idinli un of  the 3.9- kb f r agment wi th c hromosomal DNA and
plasmid donu of  di f f erent  RM sy stems. Autoradiognp h showing h y bf i diuti on
of  the [ "P} -3.9 kb Ec oRI  fmgrnuu of  pKpnBI  wi th Ec oRI - cut genomic  DNA of
di f f erent enter i c bac ter i a and dff erent plnsmid done:  of  type I  and type I ll R-M
systems. Numbers on the top indiana Lmes, whi le numbers on the side represent
D NA s i me m | : k e r s i n k b . L a n e s  I  a n d  l 5 a . r e  I k b D NA  m| : k e r s ; l l n e 2 i s
K p r la u r lo n i n e GM2 3 6 ( K p r L B I } ;  lme 3  i s K p r la u n o n i n e G MB 8 { K p n B l ) : l a n e 4
i s K . p n a u m m i a e M 5 a l { K p n A l ) ; h n e 5 i s K p n a m1 o u i a e 5 { I 2 2 ( K p m\ l ) ; h n e 6 i s
£ ¢ o : : c : s H 5 o ( x } ; l u » ¢ 1 a § £ w z i 1 3 v 9 ( A ) ; t m a u a c a u m t  ( S B ) ; l ; n e 9 i s
S.  gpg fnwfy m L12 ( SA.  S B,  I nd  LTI ) ;  lane  10 i s  pRH2l2 (Pl )  c ut wi th B amHI ;
luxe 11 i s pSlH1180 (Pts)  c ul wi th BamHI ;  lane I 2 i s p521 (LTI )  c ut wi th PI I I
ma Sar i ;  lane 13 i s p531 (LTI )  mt wi th Sdl.

1
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FIG.  20. Aulnradiograph of K.  p m m o m b g GM236 ( l anes I - 4 and 6- ll)  and
GM238 (lanes 12 and 13)  genomic  DNA cut wi th dif f erent r estri c ti on
endonuc leases and hy br idi zed wi th a [ "P}3.8 kb Hindlll f ragment of  pKpnBl.
nie numbers on the top i ndiate lanes,  whi le the numbers in the side r epresent
the DNA size markers i n kb. Lane I ,  BamHI ;  lxne 2.  58f | | : 3,  Hindl i l;  lane
4,  Kpf lla lane 5, A-Hshdlll DNA si ze markers;  lane 6, P n l ; lane 7 Ec oRI ;  lane 8,
mn ;  l a n e  9 , Ec oRI and Ba ml- I I :  l lDC  10.  E c oRI  sm Hiu dlli z lane ll,  Hi ndlll
and PI I ;  lane 12. ECURI and B amHI ;  I nd  lane  13,  Ec oRI  md  Hind lll.
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hybridization resuluit muzdb¢m»dua¢dmn£mR1,n»uxLmd1<p=|_ \'||

nm»r¢»m¢uon»i¢¢wimmmM.bu¢mnm¢a¢mrI l.a¢4n.Hi -|d1lLmdPn1

sitcslrcbeyondhsdlf . This informllionuluidbeusehdfor tbefurlherdonixq

oflhelLpnBlmodifialiongene(: }cr tbemmple1clmdKpnBllenes.mdthe

Ph3"5¢l1mlPPi1%l°fll1iSf¢85°|1

Is K| | |B l¢ | lhe . n¢ o r o nl p lu n i d?

Mmyp||m1i¢harcc:rricno»f\ypelIR-Msy1te:mssbownwith£ooRl

(Greene et nl., 1981; Newman et ad., 1931). EcoRI! (Kasykh e1 d., 1980), EcoRV

(Bouguclcrcl et u, 1984), Ecowll (Misc md NlkljimL 1954), Pwu

{BlumeuLhd el Al.. 1985), 5bol3 md EcoTZ2 (Misc c: nl., 1986). and PneR?

Electrophoresis offnieriluli and Roy, 1982; Gingcras and Brooks, I983)

plumid DNA enum from M5|1 ma GM236 did nm reved a plasmid (Fib 21)

Although the presence of a luge phsmid in the slrmins uns nor excluded. these

results along with results presenzed earlier (in Results Pm IL section D and E)

suggestlimiiishighlyimprobable1lutthe»'Ldgeneswdingfor thes.en»~oR-M

systems are located on 1 plasmid.

To obuin evidence Lhal KpnBI vu d1mmmon\a1ly lomled, Lhe 3.9-kb

mm fnpnc nl o f ludKpnBl wns nymaum xo xmlmpswd mme

dnromasomd DNA (derived from uperimenu being eonauned by

Il hybridized with l 40-kb chmmosonui fngrnent. ThisA. Rnndriamahefa)

rcsu|\ would appear lo confirm the chromosomal london of KpnBl
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FIG.  21. Agunse gel electr ophoresis of plasmid extr ac ts f r om K pnaunaziae
§| .l| . iRS Mjal,  GM2-36.  DS. ma OK8. E. c oli .IMIO9 gg; | t| i| 1jn8 pGem-J Z ( lane 6)
were used as a positive c onlroi. Lane l.  M5al:  ture 2 ,  GM236;  lsne 3,  D8:
lane 4 OK8;  an d lane 5.  l- k b DNA marker .



'Y
o 127

9

0

1 2 3 64 5

DNA

¢



mscuslon

Th e n u jo r r e s u d ld lh i s r e s e a I c h p r o je d i s tb e d o n i n g o f  t h e h s d Rg e n e 0 f

lhe KpnBl r estr i cti on-modi i ic ati on sy stem of Kic bddin _' " " "  G M 2 3 6 . The

< ° " < f ' d o n i n g o l t h e ! €  5 - " ~ ~ h n d R g e n e wu | , o e o m p l i s h e d \ : s i n g a

doning procedure i n whic h DNA fmgmenn fr om the c hromosome of  lhe sourc e

slai n GM236 were  li gate d i n to t he p las mid new pBRJ 22. The l i glti on mi xture

nu ele ei r opo nled i nto e n r r n K . f » ~  b o a  ( G M7 3 6 R )  a n d  l n m f o r n u n u

were screened to detect expression of  KpnBI  r esui cti on acti vi ty ( see Raulu Pan

Il, sec ti on D,  f or  details) .

This procedure has several advantages over previously used mewods. One

of these advantages is the ability to clone and express the gene of interest in one

step vvilhan passing it through E. coli. This eliminates the mnoem tha: Lhc iudR

lu ;ddilion this mewodgeneofK.pacumoniafrnaynotbeexpf casedinE.coU

detects only :hose clones :hal contain Lhe a;>n1pIeu:.  fully-exprcssible large; gene

Scvcrd tools needed to be constmcxed before this approach muld bc used An

rm strain of the KpnBl System was developed for use as 1 recipient of the h.sdR

gene. This rm strain ellowed direct screening for expression of the h.sdR gene

Secondly. a reliable :nd reproducible screening method for discrimination

between the r and r phenotypes was established. Fiwly, a highly efficient

plasmid transformation mcxhod for .K pnmmauhe was also employed

Ihree lransfo tion methods, CaCl, heal-shock fr°°1r-thaw cycle. and

electroporation, were evaluated in this study. The electroporuion method of

plumid Lransfonnation was found to be the mos: efficient for K. pnamsoniae

1

|28
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strains. 'Dae eti ic ienq of elec troporation i nto K. rr - . 1,  va r i ed f r om 1 0'  to

IO*  CFU/pg DNA (Table 10) . It is likely that this var iability was a c onsequence

of  di ff erent plasmid si zes and DNA pur i ty  because the same method produc ed to'

to 10'  tr ansfo nts per pg of  DNA when c ommerc ially prepared pBR322 DNA

was used. However.  thi s level of  transfonnati on i s sti l l r elati vely  low aampard to

the i f f  to 10"  tr ansformantshtg DNA obtained wi th E.  ml!  {Dower  et I L 1988) .

lt may  be possible to improve the ef fi ci enc y of  elec tr oporati on i nto

K. ~ "'  by  determining the optimal c ondi tions f or  the proc edure.

Variables suc h as electri c al Held str ength pulse length.  c ell wnoentrati om and

DNA c onantrati on could be examined. Only  the set ot c onditi ons r ecommended

by  the manufadurer for elec tr oporati on i nto E. coli  was used i n this study . Other

wndi ti om whi c h may  impro ve ~  7 " r f-  transformation inc lude using a gulE

rec ipient str ain or prepar ing c ompetent cells fr om diff erent stages of  growth.

These two parameter s have been examined in other bac ter ia and led to

signi fi cant improvements i n tr ansformation ef fi ci ency  (Brown et al.,  } 979;

Hanahan.  l98t3; Maclsachlan and Sanderson 1986; Mi ller et al. ,  1983;  Tsai  et al.

1989;  Inoue et al. . 1990). Another aspect of  the elec troporati on method that I

have observed to be imponant i n this study  i s that the tr ansformation ef lidenq i s

greatly reduced by sails and other dxemicak generally found in ligation reaction

mixtures. Die removal of salt and other chemials prior to electroporation is

essential for optimal efficiency and to minimize the occurrence of eiectzial

arclng.

¢
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lnLeres£in||y,LbeobservedoomrrcneeofimlRdoncswnslower than

expected. Assunmizrgdmallhcgcnomesizcnfk ' ""- isapprmimaie ly

s,o|:nkb<.\ [g personal oommunicllion)lnd Lhalthe "¢"'8¢ :ia

oidordfragxnenuinmheplasnddvedawuahmxl5kb,wewo1.ddexpeclon¢

successful AMR done in :very LWO lnnsformmu \aeen¢d (0.1%) However

m¢f¢¢qu¢nqamRdon¢s°b¢~¢dmmi¢midy wuo.an9e.  Thereare

several possible explanations for the low ff°flv¢n¢1 of done occurrence: (i) the

$a¢3A| library may not be mmpletely random: some fragments may not be

adequately represented; (ii) some Sm3Al fragments may contain genes for

products which are lethal when cloned into multicopy plasmids: (iii) 5a.|3AI
fragments mntaining the lmiR gene may also include a sequence which blocks

plasmid replication; (iv) multiple copies of plasmid containing the restriction gene

may be harmful to the recipient cells; and (v) there may have been a technical

flaw in the screening process in that there were approximately 1ooo

transformants per plate used in replica plating During the screening of these

plates non-modified ~ phages were used to enrich for r,,_, done; These

phages were expected to infect and kill r,,_,m,,_,, dones. but not r,,_,,m,,_,

clones. However, if the clones were too close together the phages released by

lysis of r,,_,m,,_,, dones would have the Kpnlil modiliation and would be able

to kill the r,,,, clones as well. A similar observation has been reponed by

Rodicio and Chater ( 1988) in cloning the Sail restriction and modification genes

of Srrqxargta alba; G. The Chance ol identifyinglLdR clones of K. pneumoniae

would have been inaeased if the number of colonies had been reduced (to about

3-GJ per plate) on the plata used for replia pialing and screening Another

\
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possible reason for obtaining fewer znnsfofmanu than expecud muy be due to

thc restriction enzyme (Sau3Al) used to digest the bacterial genomic DNA lf

!heemymecuumanytimeswilhinLhe}\ndRgene.inlac1dooaw0uddbenre,

cvendmmgb|pmoedun(owpar1i1ddi|¢uionwu\u¢d(hmnene|nLl988), To
l l

drmmventlhispcuibkdihiwltyoncanmakelibnr iuusingoneohcwcrxd

different restriction enzyma Although this sualcgy would increase the workload.

it may substantially increase the shane: of suaus.
\

Several different cloning stntegies were used in attempts to done the lun'

genes of K pneumoniae. These methods did not yield any hsd clones under the

conditions described in this study. These procedures included the use of A as 1

In that case. it was found that x failed Lo propagamc lncloning vectof
\

K pneumaziae containing pTroyll {pTroyll arrics the x receptor gene £amB)

A similar difficulty was rcponcd in S. fypum-mmwn (Schwartz and L: Minor.

In Sabnondfa,  several mndi ti ons.  other  than the pres- cnc:  of x receptor s.ms)

are required for x ua propagate (C. Colson. personal communication; De Backer

and Colson, 1991). These fodors indude a mutation of thcgnlf (galactose

cpimcrasc} gene (De Backer and Colson, 1991) and an rnlacl ru.uA gene whidl

produces an anti-terminator required for the function of the A N-protein leading

Further study is needed Ln reveal allA to a lyiic cycle (Harkki and P23*/H. 1984)

of lhc conditions needed to propagalc A in K. pncumoruae strains.

Another cloning attempt was based upon genetic homology. I endeavored

to detect the ind genes of K ,f " "' by Southern hybridization with lun' gene

probes from different sources. A single 7.2-kb EcoRI-digested chromosomal

DNA fragment from K pmrumoniae GM236. which hybridized with Jud probes of
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the SB and K systems. was selected as a probable clrrier of the mr genes.

However when the T2-kb DNA frngment was cloned into a plasmid vector and

named pBdi this fragment did not express my restriction or modification activity

Funhermare when subsequently c hec ked against : he suc cessful h. sdR clone
Q

obtained by  a diff erent strategy,  no sequence simi lari ty  was deteded by  Southcm

hybu-idizllion. This fmgmcnt probably am: from a site on :hc chromosome

dnffcrent from the loalion of the had genes. and may include a sequence Lhal

shows some unexplained sequence similarity to the MJSB probe that was used

A third clonrng method employed mutagenesis using AptarMu. This

transposon was inserted at random into the K. pm-umomhe chromosome and the

mutants were tested for restnction and modification phenotypes. The results

suggest that this approach may have been compiicated due to rearrangements of

the Apfachiu subsequent to its tmenion into the K. pneumoniae chromosome.

This phenomenon has been observed tn other bacteria. For ertarnpie. Barr el al.

(I990) reponed that when xplaMu was rnsened into the chromosome of E. cob

it can cause chromosomal inversions at a high frequency due to the presence of a

portion of the np operon rn xp£a°Mu.

Although several of the cloning attempts were unsucc essful a useful qutc k

Subcloning is usually performed by isolating asubcloning mcLhod was developed

DNA fragment and ligazing il wtth a linearized plastmtd vector (Manialis et al..

1982; Davis el al. l986: Ausubel el al.. l987). ln the quick method devised in

this work, the DNA fragment need not be isolated from the restriction digest of

the origind clone nor from the vector in which it resided. 'Dae method saves

both time and reagents. In addition. by mmimizing the amount of handltng. the
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DNA losses that are common in other procedures are greatly reduced. This

procedure, however. requires that the original done be mule in a plasmid vector

such as pBIuescript'°" or pUC derivaiives which contain multiple cloning sites.

Two suitable restriction enzymes which will cu: in the polylinker region at the

night ma the left of the cloned site would be selected to make the subclona.

This requirement may not be | severe limitation. since many of commonly used

plasmid vectors contain multiple cloning sites. After a done that contains the

desired DNA fragmenz has been constnicted using this method, it is advisable to

confirm the identity of the cloned fragment by an independent method.

An intcrcsling obscwation made in the AplacMu mulagcncsis studies was

tha: approximately equal numbers of rm and rm mutants were obtained after

random scicction and testing (see Results Pan I. scdion D) Similar rcsulss were

obtained pfesdously when ni lr osoguanidine was used as a mulagen (Vadiniuc k el

al.. 1989). In a di ff erent study .  Pmkash et ll. (1991)  c or str uded Iud-Mu(!ar. )

opcron fusion mutants of E. coli K-I2 (type I RM system) ln that smdy, of l l 0

These numbers of muunu :rer, mutmls. 39 were r.m.. and 71 were rams

similar to the numbers of mutants obtained from the mutagenesis of the KpnAI

and the KpnBI systems of K pneurnoniaf. The similarity between the results in

these two different studies suggests that both the KpnAi and KpnBl are type I

(whic h consists of  three genes {I udR,  h.dM and h.sd5})  or  type Ill (whic h contains

only  two gem [hsdR and h. sdM] ) . but not ty pe I I  R-M sy stenu. An  r m mu ta n t

can be obtained i n one step i n the c ase of  type L and the mutati on may  occ ur  at

ei ther  the h.tdM or  the ! ud$ gene,  whereas i n ty pe Ill. the mutati on must be at

the h.tdM. In type ll,  the restr ic ti on endonudease and rnodi fi c atiol methy lase
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funciion inclcpendenzly and the occurrence of an :rn muum requircs :wo

independent muulions. Cons-equendy, rm mutants occur very rlrely.

ln this study. the h.sdR gene of the KpnBI system was cloned into a

|:|BR322 vector. Two independently derived clones were named pKpnBI (6.2kb

insen) and pKpnB2 (5.7kb inscn). Both dones complement the restriction

sctivity of thc r,,_,m,,_, mutant (GM236R). In addition.. the rwo dunes an

complement bow the restriction And modiliation defects of the "la-Ilmln-I

This indicates um no: only hsdR but either HMM ar Iudli (butmullm (cum)

not both), is also present in the clones, md that the GM2.3B mutant probably has

a single genetic defect tocated either in the hsdfvf or the hsd5 genes (assuming

that it is a type I system; Fig. 12). Since neither of the two clones expressed

KpnB| restriction or modification in K pneumoniae 5022 (r,,_,,,m __~} it is clear

ihat the clones do not contain the entire ludKpnBI system.

The cnmplemntalion data are most consistent with KpnBI being a type I

RM System. Typc III systems contain only two genes wding for R and M

ModiEcation an bc performed independently by thc M subunit alonesubunits

orhylhebnmp1exofM|ndRiuh|.|dtL R6lricdnnlclivity.huwcver.islin1|iled

exclusively to :hc complex: both subunits must be active in ordcr for rcstridion so

occur. In such a silualion. GM238 with rm phenotype is presumed lo have a

single defect in the M subunit (a single dcfcd in the R subunit of Grazia is

di.§counted because such a mutant would exhibit an rm phenotype). Following

this logic, the successful clones marrying the KpnBl IudR gene would not

complement GM238 at all. Both the clone and GM238 have intact h.sdR genes,

but neither of them produce active M product The mmbination would continue
1
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HG. 22. A pmposd model of the KpnBl system and complementation
between pKpnBl and K pnaunoniue GM138 (r,,_,m,,,,). (A): Rte pKpnBl
plasmid done expressing a functional ludR product. R in the box showing a
location of Iudk. (B): A bo: containing R and M represents genes on the
chromosome codngfor!Mgenes(h.ndRand»'tdM)inatype lllsystem.
(C): A box containing R, M, md S represent the region on dtromosome coding
forltdgenes(ltdR.!u=dM,andlud$)inatypelsys tem (D): Apropcled model
for the KpttBl system which most likely conteins 3 genes shown in the box. The
plasmid pKpnBl more likely contains an incomplete M45 gene. A dark triangle
sign ,bowing a mutation site in the GMES mutant (B and C), whereas S/H, H.
and R outside the box are Sau3Al/BamHI, HindIII, and EcoRI rcillittion sites
(A and D)_ respectively.

1
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Sinc e the cxpc rimem showed that c omplementation docs occ ur , the:o ber m

type Ill model must be invalid Conversety, the complementation dst: mnfonn

lo a three-gene model (type I system). Complemenulion with GM236R (rm)

indic ates that ihe dones car ry i ntact h.sdR genes. 'Hwy are also presumed In
f l

any the complete h.dM gene because they complement GM230 (rm).

However they lack all or pan of the hsdS gene beause they do not express any

function on their num,

Cm11plernem.a1ion studies of the 3.9-kh EcoRI and 1.1-kb EcoRI-

Bwnill,/$ma3Al subelones of pKpnBl (Table 15) showed ma: the 3.9-kb EcoRI

suhclnne still cnnlairu an intact h.sdR gene uhnch can complement the muzaiion in

the rm GM2.36R strain bu; restriction and modihcation aciiviry in r m GM238
I

Mcanwhmlc, a subclonc of the l.lkbmutant was weak (EOF of  0.1 m 0.2)

Ec oRIBamHI/Sa.u3Al f r agrncn!  showed nei ther  r estr i cti on nor  modi f ic ati on i n

GM?.36R mutant or  i n the rm GM238 str ain. It is pus.\ ib!e that EcoRIth e rm

cu: mside Lhe h.¢dM gene in the pKpnB1 done. Thus. the 3.9-kb EcoRI subdone

should contain a pomon of the hsdM gene and the Llkb EcoRI-BamHI/S¢m3AI

subclonc should eonlam :he other pomon of the h.sdM and probably pm of she

IudS as shown in Fig. 22. According lo lhns mode! the defect an strain GMl33

should be within the h.rdM gene.

Further complementation studies also showed that |(pnBl is different from

XpnAl. since pKpnBI and pKpnB2 did not mmplement either the restriction or

mcdtfication phenotype of the fuwmavu strain. 5022. or the r,,_,_,m,,w strain.

MSAIR (Table IS). In addition, no DNA homology between the M531

chromosomal DNA and the 3.9kb EcoRI fragment of pKpnBl probe was
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demeczed (Fig. 19). Similar resulxs were obtained when complementation between

KpnBI system and K system of E. coli was studied (Table 15). DNA

hymdmuon studies between the cloned KpnBI and K. A. SB, SA. LTI. PI, P15.

and Eco124/3 showed no DNA homdogy (Fig. 19). Ali these |BS\1||.§ indiate

that the KpnBI system is unique.

'Dlis work also revealed the effects of temperature and glycerol

While Iilllc is known about theconcentraliowon KpnBl restriction activity

physiological mndilions that promote we loss of the ability to resuid. ir was

shown in this study Lhal the restriction activity of the KpnB| system was decreased

when the cells were cultured at a higher temperature (62C) or in the presence of

10% glycerol.

It has been shmm c learly  (Table 6 and Fig,  6)  that the KpnBl r a t r i d o n

endonuclease but not the modif ic ati on methy lase,  i s heal labi le, and that Lhe

temperature sensi tivi ty is a characteristic of the enzyrne's cataiy tic activi ty and not

a consequenc e of altered gene expression. Uetake et al. ( 1964)  have shawn that

when 5. JT; r "  "  ~  Q' is exposed to temperatures of  45 to S0C for shor t periods of

time there i s a breakdown in the mec hanism of r estri cti on. This ef fect lasts f or

one generation whi le the bac ter ia r ec over the abi lity to restr ic t bader ioplmge. I n

S. ty ~ r. two RM sy stems have been reponed as thermolabi lc  (Colson .

and Van PeL 1974). The SB sy stem i s temperature- sensitive wi th r espect to both

restr ic ti on and modif ic ation, whereas the SA system is temperature-sensi tive wi th

respec t to restr ic tion only. A simi lar  temperature ef fed on the R-M sy stem in

P~- 1' ~  wa s  r e po n e d  b y  Ho l l o wa y  ( 1 9 6 5 ) . P I 3 * ' - f  g r o wn
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Rcmarkably, ihc ability to rcstrid was notat 4]C lost its ability to rcslncl

restored for 60 lo 70 generations of growth as 3TC.

The effect of glycerol on KpnB| restriction activity is a new and surprising

ohsenfationt The mechanism of qgion of glycerol on the restriction endonudease

is still unknown. It may be a dired effect of glycerol iLsell"'bt a consequence oi

glycerol metabolism. Glyoerol may ausc a change in osmotic pressure or

viscmity which may affect the folding or teniary stmcture of proteins. Scigneuret

et al (199l) reponed that glycerol had a large effect on the motion of the outer

peptide side chain of the proton transpon membrane protein (bacteriorhodop§in}.

Assuming the glycerol transport mechanisms of Klebsiella and E coli are

similar. glycerol can enter the cytoplasm by fadlitated diffusion across the

qftoplasmic membrane. The facilitator protein (encoded by the glp regulon)

provides a selective channel with an estimated pore size of 0.4 nm (Eze and

McElhaney 1931) (Fig. 23). Once inside the cell. glycerol can be trapped as

glycerol-3-phosphate by the action of the same NIT'-dependent kinase that also

phosphorylates dihydroxyacetone (Hayashi and Lin. 1967). Inside the cell

glycerol or its metabolites may affect cell activities Genetic mutants ol the glp

regulon can be used to determine whether glycerol itself or one of its metabolites

affects restriction activity. The requirement for glycerol entry into the cell may

he tested by using |g!pFgi'pT mutant (Fis 23) while a gfpls'glpT mutant could

be used to differentiate between the effect of glycerol or its metabolites. Shimizu

and Katsura (1938) reponed that 15% glycerol can reduce by 50% the activity of

the adenosine lriphosphatase (ATPase) of dynein extracted from Tdmhymmo

cilia. Ute effect was attributed to glycerol itself. Glycerol also exhibited

\
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1 decelcnling ciTcct on the rat: of oxygen cxchang¢ between phosphate :nd

water calaéyzed by  dync in i n the presence ol ADP and Mg" (Shimiza and

Kalsura., 1988). Glyc crol i nduc es spore f ormation i n My xococ cw ranl luu

However in the present study the glycerol effecl(0'Connor  and Zusman.  1991)

was observed only on lhc restr ic tion endonuacasc ac ti vity of  KpnBl but not i n
|

Further  examinati on of  thc eff ects of  glyc croi on RM systemsme KpnAI syslcm

may be f nuilful. Other  c ompounds that change osmoti c pressure mighn be used to

dclennine i f :he ef fect of gly cerol is a. funeli on of the c ompound itself  or an

ind1recl efTec1 of change in osmotic pressure.

Several other areas of study could be developed from the observauons

reponed here. The cloned hsdR gene of KpnBl system make it possible to

perform the erudai experimems needed to answer the questions posed earlier

Clones expressing m or rm activity an be enriched from the K pn- " l

GM236 (r.,...m.,.....) chromosomal DNA plasmid (pBR.322) library in the

redpient K pnnunoruar 5022 tr...,..m.,...} using the 3.8kb Hrndlll fragment of

pK.pnBl as a probe. K. pneumoniae 5022 transformants that hybndize can he

tested for KpnBl restridion and modifimtion activity. These clones will be useful

for funher DNA and protem studres described below.

The h.td'KpnBI genes can be localized on the cloned DNA fragment by

constmcting double-strand. nested deletlons of a pKpnBl (r clone). and m done

and rm clones once they are isolated. A aammerdally available

Exolll/mungbean nuclease kit (Stratagene) may be used for this purpose,

o r  r m clones an then be sequenad by  the Sanger  dideoxyTher I n

termination method using Scqucnasc"' (United Stalcs Biochcmid Co.). Once
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the DNA sequenas have been detennined,  potenti al open reading fr ames.

ri bosom binding si tes,  prommor  r egions,  md stop wdon regions an be

identif ied. Fur thermore.  the hsdKjJ nBl DNA and uninn acid sequenc es an be

compared with other known had sequences using l cnmpuser  database (GenBank

and EMBL) Q

l

A study of the polypeptides encoded by the h.sdKpnBI genes and the

delenninalion of the DNA recognition sequences of the KpnBI enzymes wili

provide useful information for the classification of the KpnBI RM system.

Proteins encoded by theSeveral experiments can he done for this purpose

hsdKpnBl genes fr om the c ione containing and expressing modif ic ation ac ti vi ty

and f r om the clone c ontaining the enti re f udKpnBl genes could be isolated. The

pur if ied enzy me fr om the enti re hs.dKpnB| genes can then be used to identi fy  the

DNA recogniti on sequenc e using the proc edure of  Nagaraja el al.  ( l985c} .

Addi ti owly.  AT?ase assay s using the methods descr ibed by  Suri  and Bic kle

(1985)  and by  Hadi  et al.  U983)  could he used. The puri fi ed methy iase enzyme

may be used i n a modinc atton rnethylase assay  following the method of

Ple wo wi a e t al .  ( 19 85 ) .

Once the KpnBI restr ic ti on cndonuc i- asr has bcc n identif ied in vfII"0 it

Funhcrmorcmay be easier to study the cffcc1 of glycerol on restriction adivity

a study  of  lhe r egulation of the lud genes and a study  of  the i nteradion between

DNA and the polgqxpli des encoded by  the J ud genes i neiuding 1he assembly of

the protein subuni ts an he performed.

The same str ategy for cloning and charadcr izatiun may be appli ed so

other rcsuiction»modiEcation System;
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I

ln summary :his research project described the cloning and panial

clm erintinn of 1 restriction-modification system in K. pnaunnniaf GMZJ6

l`heludRgen¢ of the KpnBl system o(Kpaaunon.éneGMBéw\§.mmsu0

successfully cioned and expressed. 'Dae uniqueness of the KpnBl system was

established by miplenxenmion md Southern hybridization sludies. Essential
I

t fnrmation and mutagenesis tools used i n the genetic  manipulati on of  mesa

The results and observations nudeK. pnaunaniae strains were dsc developed

during these studies were used to construct 1 likely model of the gene

organtzation in the KpnBl RM system.

\



APPENDIX

Bullets
|

s Buffer (sunnyu an, mu)

m m .
NaH,P0
NaCl
MgS0.

3.0 g
7.0 g
4.0 g
0.2 g

Add distilled water to I Incr

waz)Lambda d i luti on  bulkr  ( Maniali s c t al

Tr isbase ( I ri s lhydroxy mc lhy l] aminomc thane)
MgSO, .7H,O
Na Cl
Gela ti n

1.21 g
1 2 g
2. 92 3
0.1 g

Diss-nlvt in 800 mt :installed waI:r_ then adjus|pH lo 74 with
co n ccnutralcd HCI Add distilled water lo 1 Iilcr

19112)5: Slopplng buffer (Maniatis cl al

0.25% (wt/vol) Bmmcphcnol blue
me (vol/vol) cmywol
loo mM EDTA

6:  Loading buf f er (Maniati s et al waz)

0.5% (wt/vol) Bromophenul blue
10% (M/vol) Gkycerul

\ 10;  Ligue bui f er  (Maniati s c t al waz)

0.66 M Tr i s-HCI  ( pH 15)
50 mM MgC l,
50 mM D i thiothr c nul
I 0  mM  A TP

4 45
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|01 Dephosplutase bulf er  (Maniali s c l ai 1932)

0.5 M TmHC1 (PH 9.0)
10 mM Mgcl,
1 mM MJ.

10 mM Spcrmidinc

I

l l) ;  Rc sl r i di oa e adonu c leu e bu lf en

Reaction buiTcrs were provided by the manufacturers as IO: stock
soiutln|15

De aa lu r i n li ol  bu lk :  { Ma ni ai i s c l  a l waz)

05 M NaOH
lj M NaC1

Nc ui ralizing buf f er  {Mama: i s ct al.,  1982)

1.0 M Tris~HCl (pH 8.0)
1.5 M NaCl

| 01  L ol sl r i n gc aq la shi ng  bu lk r  ( Ma nia ti s c t al 1932>

1752 s
88 2 g
5.0 s
1.0 s

NaCl
Sodium dlratc
Sodium dodecyl sulfate
Sodium pyrophosphatc

Add distilled water to I liter

201 High str ingenc y washing bui fer (Maniati s cl al. . 1982)

NaCl
Sodium dlrate
Sodium dodecyl sulfate
Sodium pyrophosphalc

175.2 8
17.6 g
10.0 s
2.0 s

Add distilicd water to I titer

1
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sm buffer (Maniaiis et al- 1932)
Na Cl
MgS0 , .7 H,O
1.0 M Tr i s -HCL pH 75
2% Ge lati n

5.83
1 0 g
50ml
Sm!

Add distilled water In l liter

11: cm»s11m buffer (Davis ex ||_ msc)

10 mM Tm.Ho (PH 7.4)
0.1 mM EDTA

DNA enn c ll on buf kr  (Si lha vy  c l al. 1984)

so mM Tris-HCI (pH 8.0)
so mM EDTA

Other  soluti ons

2.51 Prehy br ldi zallon solution

0.25 M PIPES {pipcrazine-NN-bis [2-ethanesulfonic acidl. pH 7.0)
2.0 M NaCl
0.25% SDS
0.25% Ficoll
0.25% Polyvinyl pymlidonc (PVP)
0.25% Bovine scmm albumin
Sill ug/mi Shcared salmon sperm DNA

A lx. prc hy bridi zalion mixture is made by  mixing 2 volumes of  251:

prchybridizatinn mixture with 2 volumes of formamidc and 1 volume of
distilled water.

/

Hyhddiuliol solut ion

Same as lx prchybridizalion mixture

1
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401 ns (his-sedate Enfm (Dam er al. 1936)
193.6 g
65.6 g
13,5 g

Tris  bm
Sodium aoclasc anhydrous
Sodium EDTA

Add|B00 ml of  disti lled water  and adjust pH to 7.2 wi lh
approximately 50 to 55 ml cnncc ntray cd HCI,  then add di sti lled water  to 1
li ter .

201 SSC (Davis er al wsu)

175.2 g
88.2 g

NaCl
Sedum citrate

Add 811) ml of  di sti l led water  and adjust pH ln 7.0 wi th HCI than

adddn. li lled umlcr to 1| Inter

un G»y-| \

Dissolve approxzmatcly 10 ml of concemrarcd glycerol in 90 ml of
da§¢i1|¢.LI water

10% X-Gal ( 5-bmmo-4-c hloru3- indolglB- ; | | »do4id¢) soluti on

Dissolve IOU mg of X-Gal in l ml of dimcihylformamlde (DMF)

100 mM IPPC ( i sopropy l- ,BD- lhiognlanopy raaosidd

Dissolve 238 mg of IPTG m I ml of distilled water

Media

L bmlh (Si i havy  c l al. l984)

10.0 g
5.0 s
5.0 s
10 s

Bactu tryptonc
Yeas: extract
Na Cl
Dcxtros-c

Add distilled water in I liter and stcrilizc by aulociavmg at l2f3(`
and 15 psi for 30 min
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L a w
Same as L broth wiLh the addi ti on of I5 g of bac w agar

Mnllone bmah

Same as L broth but with 0.4 % maltose substituted for dextrose

So il  np r

0.75% lwlf vvl) of  Bacto agar  i n disti l led walc r
r

soc medium (Hanahalk mu)

2% Banu lryplonc
05% Baan yeast exxran
10 mM NaCl
25 mM KCI
10 mM Mgcn,
10 mM MgSO.
20 mM Glucose

Anlibhlk containing media

An antibioti c stoc k soluti on was ii lxer -ster i li zed using a 045um
membrane f i lter {Mi lli pore Corp. ,  Bedford.  Mass.)  and was added al the
desi red c onc entration lo a cooled 15% L-agar  whi le sti l! i n a li quid :late

waz;Sephadex G50 (Manialis et ai

Add 30 g of  Sephadex G50 tu 250 ml of TE buf fer  (pH 8.0)  i n a
$00-ml container. Make sure the powder is well dispersed. Let stand
overnight al r oom temperature. Decant the supernatant and replac e with
an equal volume of  TE buf f er ( pH 8.0) .



T l

nsrsnzncl-3

I

Arhef ,  w. 1979. Promotion and limiuzion of  geneti c  exc hange. Science
;g5»__36l365

Q

Arhu, W., and D. Duuoix. E961 Host spcdiidty of DNA produced by
Escherichia cdi. I. Host-controlled modmcazion of bacteriophage A. J. N
S:}8-36.

0

lol Bm!

Arher ,  W . ,  I nd & Una. 1969. DNA modi i i c ali un md restr i c ti on Annu Rev
Bioc hem. 38:46 - f5w

Arber, W., and B. Wlultetvwlllems. 1970. Host-specihdty of DNA produced by
Eschniclukz coli. XII. The two rcstridion and modification sysiems of strain !5T
Mol. Gen. Genet. l08:203-217

Annabel.  NLF. ,  I L Bnnl,  R.E.  Kingston,  D.D.  Moon,  J.G. Seidman, . l.A. Slallh,
and K.  Slr uhl. 1987. Current protoc ol in molec ular  biology . John Wi ley  and
Sons.  New York.

Bachi, B., nad W. Arbtr. I070. Physical mapping of Bgfll Hamill. Hindlll and
Pnl restriction fragments of bacteriophage Pl DNA. Mol. Gen. Genet. l53:31l
324.

Methylalion and cleavage sequence
J. Moi. Biol. l28:l43163

Bnchi . B..  . I . Rri scr . and v.  Pinulla. l9?9.
of the Ec oPl rcs1ric 1ionmodiii cation enzyme

Bac hmann.  BJ IQS7. Lznkagc map of  Escher ichia cdi K12. p. 807-876. I f
Nc udhardl.  . LL lngraham.  I LB. Low,  B Maguonik M.  Sc ha c c hlc r ,  and H.E
Umbargc r ( cd. ) Eschenchra coli and Sdmoncfla gplumur iumz Cc liular  and
Molec ular  Biology . Ameri can Socwly  of Microbiology. Washnngtonu,  D.C.

1 F.C

.e of  c cnam restr ic tionBacknnnn, K. 1980. A c autionary note on the us
cndonuc lcascs wi th methylated substrates. Gene l I : l 6 7 l 7 l

Bali ,  M. 1978. Nonparenlal-r ype recombinants in c rosses between dif ferent
restr ic uon-modi i iatinn systems in Salmonef la. M.S. thcsas.  Lnma Linda
Universi ty , Loma Linda,  Cai if .

Barr ,  G.C. ,  CJ Dorman, J . Mellor ,  and (LF.  Higgins. 1990
rearrangements i nduc ed by  r ec ombinant ooli phagc  xplfxhdu.

Chromosome
Gene 94:1522

Barns, F.,  Ind NLG.  Mar ianas. 1089. The g reat GATC: DNA methy latlon an
E. c oli. Trends Genet. 51130143.

150



Y ISI

Host-controlled variation in bacterial vimscs.lenanl.  G. ,  and J J .  W elgie
J. Bac teriol. 65:113-121.

1 953

Bidje. T. 1982. The ATP-dependent rutriclion endonuclease. p. 85IEB. In
S.M. Linn and RJ. Roberts (cd.) Nudcases. Cold Spring Harbor Lnboramry
Cold Spring Harbor, N.Y.

Bkkie ,  T. 1987. DNA restri cti on and modihc ation sy slemi . p.  692-696. In F.C`
Ne id lu rd l,  . l. L I n gn hu n,  K B.  L ow B.  Maguonik, M.  Sc hac c htc r ,  and H.E
U m b a r g c r  ( c d . } ,  ~ coli and Sabnorseihz lypluln wn : Cc llular  and
Molc c ulu Biology . Amer ian Soc iety  of  Mic robiology.  W uhington, D.C.

Q

Blann thl,  KM. ,  SA Gr egor y ,  an d 1.5 .  Coo p-er lder . 1985. Cioning of
restric 1ion-modifi cation from Pmtclu vulgaris and iu. use i n analyzing a mezhylasc
sensi tive phenotype in Escherichia coli. .L Badc r iol. 154:501-509.

Bodguelefd, L., M. Sclswnnsteint Tsugila and M. Zrbqilf W8-4.
Characterization of the genes aadmg for the EcoRV rcsmcuon and modsiicauun
system of Escherichia coli. Nucleic Adds Res. 12:3659-3676.

Br ldky ,  E. .D. l % 7
Bacteri ol.  Rev. 31:23

Uhras:ruc1urc of bacteriophage; and bactcriocins
0-JN

Bruner, E., TJ slumy, and G.M. Welnstock. 1985. Transposahle xp!nrMu
bactcrinphagcs for creating lacZ operon fusions and kanamydn resistance
ins-cnions in Eschaiclukz coli J. Bacteriol. l62:1U921099.

Bremer ,  E. , TJ Slllnvy ,  LM.  W c lsemann,  and (LM.  W elnstoc k. 1984. \p\£¢xMu
a tr ansposable dc ri vati vc  of  hadcr iophagc  i ambda for  c reating lac Z protein
fusions in a single step. J.  Badc r iol. l5$: l 0341 093.

Bm".  M.G.M. ,  A.  W eston,  . l.R.  Saunders,  and 6.0.  Humphlty s. 1979.
Transformation of Elschenthia coli C600 by  plasmid DNA at dif f erent phuc s of
g1ow1h. FEMS Mic robiol.  Leu. 5:2192.22.

Bli las,  LR. ,  C.  Colson,  and B.  Neufeid. I930. Dc oxyr ibcmuc lc lc  and resmdion
and modif icati on systems in Salmonel la: chromosomaily  loalc d sy stems of
diHc rcnl serotypes. J. Baci cri nl. 1-u=275202.

Bullas, LR. ,  C.  Colson,  and A.  Van Fel. l976. DNA restr i cti on and modlf i cati on
syslcms in Salmonell a. SO. a new system dcnvc d by  recombinati on between the
SB system mn Sabnavlla qplzinzwmm and the SP system in 5. poudam. I Gen.
Mi a ob i ol . 95:166-172.

Bullu, LR., and J Ryu. 1983. Salmondla gphunurizun LT2 strains which afe r
m for all three chromosumaily loalcd systems of DNA restriction and
modilialion. J. Bac1cno!. l56:47l»47é.

1



T 52

Bl l lu ,  LR. ,  J .  Ry u ,  a n d L  Me r rh m. 1981. 'Duc  D NA ral r i c li o n and
modif ic ati on systems of Klebsidla pnaunaziac , p. 136. Ahslr .  81'  Annu.  Mc c L
Am. Soc . Microbioi . 1981. Arncr ian Soc iety f or  Mic robiology Was.hing1on. D.C

Buvlnpr, W., nd M. Riley. 1985. Nucleotide sequence of Klebxkifa pneumou-uh:
hr gene; J. Bacteriol. 163:850-857.

Clll| ,  5 .8 . 1987. The expreiion ul DNA restriction-modiEcltion¢lles od
£.|dlaidlin cali K-I2 after lnrlfer by conjugation M.S. thesis. Lama Linda
University. Loma ljlldl. Calif.

4

Cohen, S.N., A.C. Chang, and L Hsu. 1972. Nonchromosomal antibiotic
resistance tn bacteria: genetic lransfonnation of Exhaidulz coli by R[amor
DNA. Proc. Natl. And. Sci. USA 69:21 102114.

Colson, C...  5~W. Glover , N. Symonds, mtl KA. Stac y. 1965. The locati on of  the
genes f or  host- controlled modif ic ation and restri ction ln Escherichia coli.
Geneti cs 52:10-l3~1050.

Carlson,  C.,  and A. Vu Pei . 1074. DNA restr i cti on and modi f i ati on sy stems m
Salmonzii n. l . SA and SB. two Sabnoneffa 1)phslmurium systems determined hy
genes wiw a c hromosomal loc ati on c omparable lo that of the Escherichia c oli  hid
genes. Mol.  Gen .  Genel I29:3Z5-337.

ugni ti on domainsCowan,  G.M. ,  A.A.F.  Gunn,  md N.E.  Murny . 1989. Rec
between families of  r estnclion enzy mes. Ce ll 56303-109

Daniel, A-S~. FN. Fuller-Pzce, D.M. |_¢¢¢, md N.E. Murray. l988. Dnslnhunon
and diversity of had genes in Eschnirhia coli and Dthcr enteric bacicria.
J. Badcriol. l?0:.lT."5-1782.

Bw:  meth ods i n molec ularDavis, c.L. M.D. Dlbllcr, lld J.F. Bllley
biology Elsevier Sdcna Publishing Co..

1986
lnc. New York

De Blclcr, O., and C. Colson. 1991. Twostep cloning and expression in
Escherichia coli of the DNA restriction-modification system SfyLTl of Salmonella
1)rphum.ui.um. J. Bacteriol. lTJ :l32l|321

De la Tor re,  M.G. ,  J.  Roman: -Vivos.  J .  Mlr ! lna~B-eltnn,  A.  Guernm,  M.
Mu e p e r ,  a n d  E .  B a n u . 1985. Klehsicfla badercmnaz an analy sas of  I ll)
episodes. Rev. Infec t. Di s. 7: } 43150.

De Vriu, G.£., CK. Raymond, and RA. Ludwig. 1984. Extension of
bacteriophage lambda host range: selection. cloning and c derization of a
constitutive lambda receptor gene. Proc. Natl. Acad. Sd. USA ll:6-D80-6084.

1



Y
153

Dllo,  I L E.  Sulhedand,  I . .  Mon a,  B.  Slalkn,  ami  EA.  Raleigh. 1990. Geneti c
and sequenc e organizati on of t h e ma BC locus of Escherichia coli K-12.
J. Bacteri ol. l72:4888-49€|J.

Dixon. RA» nd LR. Postpte. 1971. Trarlsfcr of nitrogen fuulion genes by
wnjugnlion in Kkbaidlapneumnruhe. Nature (London) 234:47-48.

l) u\ r er ,  W J - .  LF.  Mi ll er ,  lld C .W .  Rnpd lle. 1988. High effi ciency
tr ansformation of E. coli by  high voltage eledrnponli om Nudeic  Ac ids Res

16:61276145.

Dusdx, D., nd w. Arber. I962. Hosbspediidty of DNA produced by
Eschaichia coli. II. Control over acccpxance of DNA from infcding phage x
J. Mol. Biol. 5:37-49

Dunnhon, A., D. Enlmann, and M. Kroger. W91. Szepwise damning and
moiccular charadcrization of the Hg1Dl rcstric1inn-modification system from
Hapelau§p~hon grgunlnu Hpa2. Nucleic Acids Res. l9:l049-1056.

Espln,  G. ,  A.  Alvarez-Monks,  F.  Cannon,  R.  Dixon,  and M.  Mer r i c k. W82.
Cloning of the 31,-¢,4 nt r8. and nm? genes of Klebsiell a pneumonia: and studies of
their  role i n r egulation of  the nitr ogen f xation (MD gene c luster . Mol.  Gen.
Genet. 186:518-524. .

Eu, M.0., :nd ILN. McEllunc3r. 1981. The cffcd of alterations in [hc fluidity
and phase state of the membrane lipid on the pusivc perrneation and facilitated
dif¥usion of glycerol inEschcrichm coli. J. Gem Microbiol. 124:299-307.

Fnrmer, . IJ-.  B.R. Davis,  {~.W. Hkkmn-Brenner,  A. Mcwborler, G.P. Hunt ley-
Clner ,  MA. .  Asbu ry ,  C.  Ridd le,  H.G.  W llbtn- Gnd) ,  C.  E li as,  G.R.  Fund" ,  A.G
Ste lpn nll ,  C .M.  0 ' } { ara ,  G.K .  Mor r i s,  PJ I .  Smlll .  a nd DJ Brenner . 1985.
Biochemic al i dc mi fi ati on of  new spcc i cs and biogmups of E m n u b x l a i x e m
isolati on f rom c li ni cal spc cimc na J. C1511 Microbiol. 21:4676.

The EooRl24 and EGGRIZ4/31985Firman.  K. . C. Prine, and SJ W. Glover
resnidion and modlf i alion sy stems: 1 l4:224-234lnning the gcncs. Plasmid

Fuller -Pac e,  FN. ,  LR.  Bullu,  H.  Deli us,  and N.E.  Mur ray . 1984. Genenc
rec ombination can generate altered restr idion specif ic ity. Proc. Nazi. Ac ad. Sei

US A 81:6095-6099.

Filler-Pact. FN., (LM. Cmnn, and NIL. Murny. 1985. EwA and ECDE:
alternatives to the EODK family of type I rcslriciion and modification systems. of
Eschcrifhia coli. J. Moi. Biol. 186:65-75.

C



154

Gull,  A.A.F. ,  A. . l.B.  Csmpbell,  . l. F.  Collins,  A. I" .W . Coulson,  lad N.E.  Murny
1987. Reassonmc nt of  DNA rec ogni ti on domaim and the evoluti on ol new
specificities. Mol.  Mic robiol. l: l3-22.

Gder, G.E., nd P. Modrich. 1979. Recognition sequence of the dam melhylase
of Eschaidula coli K-12 and mode of cieavage of Dpnl endonuclease. I. Biol.
Chem zs4=14os14r3.

Glnpru, TR.. and LE.. Brooks. 1983. Cloning restriction-modification system
from Puudomonavt aeruginasa. Pm; Nall. And. Sci. USA 80:402-431.

coqg J4. ,  nd N.E.  Mlrny . 1983. Scqucna diversity among related genes
for reoogmuon of specific mrgcis in DNA molcmlcs. J. Mol. Bml. (id-19.

Graeme, PJ .,  M.  Gupta, H.W . Bayer,  W .E.  Bunn,  and J .M.  Rosenberg. 1981.
Scquenc e analy sis of the DNA encoding the Ec oRI  endonuclease and mcxhy lasc
J.  Biol. Chem. : s c a n s -2 1 5 2 .

Hldi ,  S.M. ,  B.  Bac hl,  S.  li dl.  and TA.  Bkklc . 1933. DNA restHc 1ion-
modiEa1ion enzy mes of  phage Pl and plasmid pl5B: subunit f unctions and
stmc tural hnmuiogi cs. J.  Mol.  Biol.  l65: l9-34.

Hldi. S.M-, B. Blthl, J.C.W. Shepherd, R. Yun, K. lnekhen, and TA Bickle.
1979. DNA recognition and cleavage by the £caPlS restriction endonuclease.
|. Mol. Biol. |34=o554»us.

HAL B.G. 1982. Transgalaciosylalinn activity of the fbg B-galacmsidase
synthesizes allnlactmc from lactose. J. Badcriol. 150:132140.

Hammond,  A.W . ,  G.F.  Genrd,  and D.K.  Chlltetjet.  1990. Cloning lhc Kpnl
rcstric1ion-mgdi fic alion sy stem in Escherichia coli. Ge ne 97:97102.

Study of transformation of Eschmkhia coli with plasmids1983.
166:55

I la ulun,  n
J. Mol. Biol. r-sso

Ihrkkl, A., and E.T. Pllu. 1984. Application of phage lambda technology to
Salmonella : constmclion of a lambda-sensitive Saufmanelia s!rain.
Mol. Gen. Genet. 195:256-259.

Hayashi , SJ. , and E.C.C.  Un. 1967. Pur iheazion and propenies of  glyc erol
kinase f rom Fdxeri c hxh col i. J.  Biol.  Chem. 20: 103 010 35.

Hellman, J.. and P. Model. 1987 Sitvspedlic mcrhylasca induce :hc SOS DNA
repdr response in Escherichia: rdf. I. Bacteriol. l69..3243-32.50.

Hollolrly, ILW. 1965. Variation in restridion and modification of bacteriophage
following increase of growth temperature of Psezdornonas aeruginosa Virniogy
25:634-642.



| 55

Hulbelll, M.. B. Surl, D. Rao, ILP. Honby, H. Plbrrlt, T. Pdnn. S. xml. lld
TA Bkkle. l938. Type Ill DNA restriction and modilialion systems ECOPI and
EcoP15. Nudcotidc sequence ol the EooP1 operon. the EooPi5 mod gene md
some EcoPl mad mutants. J. Mol. Biol 200-.13-29.

Qlidn, S. , 1.  Mey er , B.  Bac hl, M.  Slalhamnmr -Cnr ic malm, S.  S-c li rlckcl, TA. Bi ckle.
nd  W .  Ar bc r . 1983. DNA r c slr i c1ion-modi lic alion genes of  pflge P1 and
plasmid  pl5B: stmdure and i n vim:  tr ansc r ipti on J.  Mol.  Biol. l65: l- 18.

Inoue. IL, H. Najiml, nd ll. Okayama. 1990. High cmczicncy transfo tion of
Hsclwirhhr coli wilh plumb. Gene 5:23-28.

Kll .  N.C. ,  J A.  La ule ab tf t bf .  DL H.  Ed gel l,  nd  CA . .  Hlc hl soa  I l l. | 979
nucleotide sequence recognition by Escheridua coli KI2 ressr i c uon and
modifi cation enzymes. J.  Mol. Biol 130:191209.

The

1977. Linkage map of lhc nitrogen fixation (mf) genes in Fdebsielfa
Mol. Gen. Genet. lS7:l99-204.

xmle d y -  C .
wu mo ni at

u

Kosy lh,  v. c . ,  Y. I.  Bury anav and AA.  Bly ev. \980 Molec ular c lomng of  Ec oRI !
endonuclease and methylase gene; Mol.  Germ Genet. 178:717710.

Kr ieg L R. ,  an d J .G.  Holt. 1984. Bergcy k manual of  sy stematic  bactcri oiogy
Vol. 1. The W i lli ams and Wi lkins Co. . Baltimore

Km.  P L.  s. w.  Ko h le r ,  a nd  . l .M.  S h un . 1991. Identi fi c ati on and
character ization of  a gene responsible f or  i nhibiting propagation of methylated
DNA sequences i n mam mc rBI  Esfher if hia c ol i str ai n; I .  B ad en ol . lT3:4'»'U7

4716

Knlger ,  D.H. ,  and TA.  Bi c kle. 1933. Bac ter iophage survival. multi pie
mec hanisms for avoiding the deoxyribonucleic  ac id restr iction sy stems of their
h06l5. Mic robiol.  Rev 47:345-360.

lAu!elher ler ,  J A. ,  N. (L Kna,  D.  Lac key ,  S.M.  Una.  MJ L Edgei l.  and (LA.
Hl l e h l l a l  I l l . l978. Recognition si te of E.u:herichia cob B restri ction enzy me on
PhiXsBl and Simian vi r us 40 DNA: an inter rupted sequenoe. Proc .  Nall.  Amd.
Sc i.  USA 75:22712275.

Lehman,  LR. ,  an d EA .  Pu ll. 1960. On lhc  stmc tur c  of  the gluc osy latc d
hy droxy mc ihy lqmsinc  nucleotides uf  coli phagc s TZ.  T4 and T6. J. Blol.  (`h<.m
235132543258.



156

Li l,  E.C.C. 1987. Dissimi latory  palhwiy  for  sugars,  poly ols. . and arboxylalu,
p. 244-284. In F.C.  NCidh1| dl.  J . L lf lsf lh im-  K.B.  Low,  B.  Maglsonik.  M.
Schaechter,  and H.E.  Umbarger  ( cd.) Eschcricfulz coli and Sabrumclla
fyphbnwhzms Cc llul lr  and  Molec uiu Bi ology . Ameri can Society of
Micmbiology , Washington.  D.C.

| 5 5 W L M,  LS .  D an ie l ,  FL D .  B ny ll e r ,  n d  N.E .  Mur r ay . 1987.
Organizati on and sequenc e of the hsd genes of Eschaidxia c oli K-12. J .  Mol
Biol. | 9 | : l 49 - l 7 0

Ll l le n ,  I LD . ,  L M.  B an o nln ,  I L R.  ( h i p ,  C .0 .  C l r d .  8. 2 .  C he n ,  R.  C HR.  M. C .
Loo ne y .  NLM.  Med n,  L S.  Ma nn ,  D. O.  Ni r n ln m,  L E.  Sh tlm,  E .M.  V u Co n,
and G.G.  \VI I lo| . 1988. Cloning xype I I restri ction and modiEcalion genes.
Gene 14:2532.

La r k,  SL . ,  a nd  M. L  Hu ma n . 1952. A non-hcr cdimry,  host-i nduced mutati on of
bac i c r i ai  vimsc ; J. Bacteri ol. 64:557»569.

M| |: Lachlln, P.R..  and I LE. . Sanderson. l985. Transformation of  Salmascli a
fy phimunhm wish plasmid DNA: dif ferences between rough and smooth strains.
J.  Badcr iol. m= 4 42 4 45 .

Mqnoli k,  B. |982 Genetic control of nitrogen assimilation in bacteria. Annu
Rev. Genet. 16:135-163.

Mqn i l ,  M. ,  NLM.  Hume,  an d B.  Al le t. 1977. Panial mrrelali on of  the geneti c
and phy si cal maps of bac teri ophage Mu. Vi rology 77:677-688.

Mlnlll i s,  T. ,  EJ - .  Fr i tsc h,  and J .  Sambmok 1982. Molec ular  cloning: a
laborator y  manual. Cold Spr ing Harbor  Laborator y .  Cold Spr ing Harbor  N.Y

Marinas, M.G. 1984. Mcthylalion of procaryozic DNA, p. 81-109. In A. Ruin.
M. Cedar. and AJ). Riggs (cd.), DNA melhylmion. SpringerVerlag, New York

Marinas, M.G. 1987. Mcihylalion of DNA, p 697702. In F.C. Ncidhardt, .LL
Ingrdmm, K.B. Low, B. Magasonik. M. Schacchler and HE. Umbarger (cd.).
Escherichia coli and Salmonella ryphimwrlunz Cellular and Molemlar Biology.
Arncricaq Scxicty of Microbiologf, Washington D.C.

Mu i lu l,  M. G. ,  a n d NR.  Mo r r i s 1973. Isolation of dcmryr ibonuclc ic  ac id
mc thy lasc  mutants of Escherichia coli K - l l J .  Bad c r iol .  l l- 4 :1143 ll50.

Matsumoto, IL. and T. Tnakl. 1971. Genetic mapping of am, pyr, :nd pur
markers in Klebsiellapneumoniae J. Microbioi. (Japan) 15:1 I-20.



57

May , M-S- . and S. Hallman. 1975. Anaiysi s of  bacter iophage dc oxyr ibonuci cic
add sc qucncc i melhyiazcd by host- and R fac wr -c ontrolled enzy mes.
J. Bacteri ol. 123:768-770.

Meera. P.D., GA. A.1fUIT¢. AM. Emmerson, DA Lehi, R.T. Mayan-White, CA.
Micklltos ll,  and LL Stung. l98}. Natiow survey of infection in hospitaks.
J. Hosp. |nf¢¢1 2:139. Q

4

Menkk. MJ., J.R. Gobblu, and J.R. Pastpte. 1987. A rapid and emdent
method for plasmid uansforrnalion of Klebsiella pm.-wnoniae and Eschrriduh cob
1. Gen. Mambior. lJJ:2053-2057

Milkr, .l.H. 1972. Expcrimenu in molecular genetics. Cold Spring Harbor
Laboratory. Cold Spring Harbor N.Y.

Miller, J.I., w_| llmnf, and LS. Tompkins. I988. Hugh-voltage electroporation
of badcria: gcnetnc transformation of Campylobnder jej wtth plasmid DNA.
Proc. Natl. Acad. Sci. USA 85I856'8a).

Misc .  K. , and K.  Nnkqjlmn. l984. Isoialion of restr ic ti on enzy me EcoV1ll.  an
isoschizomc r  of  Hindlll produc ed by Eschenchia coli E1585-68. Gene 30:79-85 u

Mhz,  K. ,  K .  Nak gjlma ,  N.  Tenkldo,  a nd M.  I shi dltc ,  J r . 1986. Production of
rcstr ici ion endonuclcascs using rnultic opy Hsd plasmids oc cuning nalurali y in
pathogenic Escherichia ruf f and Shigrlla bnydii. Ge ne 44:165-169.

Epidemiology of Klebsiella and hospstalassociatedMontgomerie, 1.2. I979.
infections. Rev.  I nfec t.  D1s. l: 73 b753

Morgan, M.E. ,  CA. Har i , and R.W .  Cooke. \984. Kk bnel l a mfc c uon m a
neonatal i ntensi ve are uni l: rule of  baclcr ioiogic al sur vmllanc c. J. Hosp.  I nfect
5:1577-335.

Maul,  RJ . , R.H.  Chesney , D. Vapnek,  M.M. Kmpt,  and . | .R. . Scou. 1979
Isolati on and c haradcr i zati un of  c loned fr agments of  bac ter i ophage Pl DNA
Vi rology 93:387397.

Mlrny ,  N.E. ,  J .A.  Gough.  B.  Sur i ,  and TA Ric kie. 1982. Slmc tur c  homologi c s
among type I  restr iction-modi fic ati on systems. EMB O J . 163 553 9.

l988. Optimal aiignmcnts in linear space. CABIOSMy ers,  EW. ,  and W.  Mil! ef
4: l I »l7.

Nlllflia. V., 1.C.w. Shepherd, nd TA. Bickle. 19851 A hybrid recognition
sequence in a recombinant restriction enzyme and the evolution of DNA
sequence specificity. Nature (London) 316:371372.



Y |58

Nnprdg, v__ .|.c.w. Shepherd, T. Priplh. and TA. Bickle. 198513. Two type I
reslridion enzyme fromSalmorlclla species: puriiialion and DNA rewgnilion
sequences. J. Mol. Biol. 182:579-587.

Nnprqig, V., M. 5"¢l¢f» C. Nqer, S.M. Hull, md r.A. Bkkk. l985c. The
nucleotide sequence rccognizcd by the Eschcricluh coli D type I rcstridion md
modification enzyme. Nucleic Acids Res. |3589-399. . ,

|
1

Ndws. M., C. Chris, and I. Sclildknui. l984. Alxcnlion of appxreni
restriction endonuclease recognition spccitidlies by DNA methylues. Nucleic
Acids Res. 12:5165-5173.

Nellu. AK-. RA. Rubin, S.l{. Kin and P. Modrkh. 1931. DNA sequences of
structural genes for EcoRI DNA restriction and modiiiation enzymes. J. Biol.
Chem. 256:2l3l2137.

0' Co ln o r ,  M. B. ,  a nd  M. H.  Ml llmy . 1985. A new inscmnn sequenc e.  ISIZI is
f ound o n the Mu dll  (Ap hx)  bade r iopha ge and the Escherichia coli K-12.
J.  Bader iol l56:669-676.

0'Colmor , K-A- .  and I} .R. Zusman. l9 9 l . Analysis of Mycrococcus za.-uhm cell
ty pc  by  two-dimcnli onal poly aéylamide gel c lc drophoresi ; J. Bac teriol.
|13=3334-3341.

Petrusy le, M. ,  J . Bllinai te,  S.  Menkewic iun, S.  Klimnsauskas,  V.  Bulkus, and A.
J a lu l l l l l s . 1988. Restri ction endonuc leases of a new type. Gene T4:B9~9l.

Pifll-irvlicl. A., TA. Bickle, J.C.w. Shepherd. and K.. Illeicbtn. 1981. Duc DNA
sequence recognized by the Hinml restriction endonuclease. J. Mol. Biol.
146:167172.

Plekllvllez, A., nd .|. Klllloskl. 1974. Hail-specificity olDNA in
Hgnmpuxm influenzae: similarity between hon-speeilieily types of Haemaphahr
shjluamre Re and Rf. .l. Gen. Micrubid. |l:405-411.

Pkltlrvvvilrl. A., nd 1.9. Goguea. 1986. Due DNA sequence recognized by :he
EooDXXl restricuon endonuclease. Eur. J. Biochem. 154:295-298.

Piekamnia.,  A.,  . l. [J . Goguen,  and E. Skny pek. 1985. The Ec oDXX1 r c str i c uon
and modif ic ati on syslcm of Escherichia cad! hl  J : pur iEcati r:m subunit stmctur c.
and pmpc nics of  rc str idion c ndonuc lc asc . Eur  J . Biochem. l52:387~393.

Pi ttman,  W .H. 1977. DNA reslr ic tmn and modi f i alion sy stems in some
SaJJnoncUa serotypes. M.5.  thesis. Lnma Li Univer si ty  L oma L inda C ali f .

P n h s h ,  A . 1936. The expression uf  DNA restr i c ti on-modi i iati on genes of
¢ Elschcrichia cob K-12. NLS. thesis. Loma Linda Univer si ty ,  Loma Linda.  Cahf



v 159

Pn k ls h,  A . 1992. The exprasion and regulati on of the h.sdX genes of
Es chaiduh c ol i K- IZ. Ph.D dissertati on. Loma Linda Univer si ty ,  Loma Linda,

Cali f .

Gcnormc hsd-Mu{£ac) operonPnkuh,  A. ,  B.  Vali nluc k,  and J .  Ry u. 199i
fuslon mutants of Elvc hcnc hia coli K-12. Gennc 99:9-I4

Pr ine,  C» J .  Ungner ,  nd TA.  Bhc kk. 1989. Basis f or  c iungc s i n DNA.
rc mgniti on by  the ECURIZ4/3 ty pe 1 DNA restr ic tion and modif i cati on enzy mes
J.  Mol. Biol. 205:115-125.

4

Rnkigh, F A. J.  Benner ,  F. Bloom,  HJ ) . Bny mef ,  E.  Dc Cnlz,  K.  Dhlrmldlngnm,
J .  Hdl lul ,  M.  Noy e s-W dd ner .  A . .  Ple kuu sdc x,  P. L K nu. ,  L M.  Sha n,  nd D.
Woodcock. l991. Nomenc lature r c lali ng to rc slnc i i on of  modif i ed DNA in
Escherichia coli. J .  Badc nol. r13=27m2?l19.

Raleigh.  EA. ,  R.  Tr imlr thl.  and H.  Revel. 1989. Gencnic and phy siai  mapping
of mcrfl frg£A,l and mc r8 03118) loci of Ex h enr hia c ol i  K 12. Genetic s l22:2?9

296.

Rlklgh, E-A-, and G. Wilson. 1986. Exhtrifhia coli K12 restricts DNA
containing 5mcthylcytosine. Proc. Nall. Acad. Sci. USA 83:90709074.

Rzvel, ILR. 1967. Rcstridion of non-gluwsylazcd T-even badenophagcs:
propenics of permissive mutants of Eschenchia coli B and K.l2. Virology
31:688-701.

level, ILR. 1983. DNA modiEa1ion: glywsyiatiorh p. 156-165. In CK.
Mathews, EM. Kutter G. Mosig and P. Bcrgct {cd.) Bacteriophage T4.
Amcricarl Society for Microbiology washingmn. D.C.

Rqmo, M. 1990. Charadcrizalion of h.d::MudXl28 operon fusion mutant of
Eschcnbhia coli K-12. M.S. thesis. Loma Linda University Loma linda Caiif.

Rim,  P.W. ,  M.  Dledc mann, C.  Rh06¢S.  lnd P.  Berg. 1977. Labeli ng
deoxy ribonudc ic  acid to high-speci fi c adivity in vfffv by ni ck translation winh
DNA poly merase I . .l.  Mol.  Biol. ll3:237-251.

Nucleic AcidsRestnc uon enzymes and thei r isosc himmersRubens, RJ |qg3
RCS. l6:2Tl313.

Nucleic Acids1990. Rc smction enzy mes and their isosc hlznmcrsRubens,  RJ.
Res. l8: r 233l r2365

Q



lb()

Rndkio, MR., and K.F. Chuer. 1988. Cloning and expression of the Sal]
restriction-modification gem of Smprorrryms afbw G. Mol. Gen. Genet.
213:346353.

Rau, 1.K., E.C. Achbugcr nd }{.l). Brnyner. l989. Chamcmriution oi
Escherichiacoli modificd cyiosine restriction (mer) gene. Gene 6l:277-289

lly l.  J . ,  nd RJ.  Hlnll. 1990. Quick transformation in Salmanclia typhirruvium
LT2. BioTechniqu¢s 8:43.

Ry u,  J . ,  P.T.  Rldnias.  an d LR.  Bullu. 1938. Complc men uli on and
hy bridi zaxion evidenc e f or addisiow family  of  ty pe I  DNA restri c ti on and
modif ic ation genes in Safrnoneifa serotypes. J. Bac teriol. 17015785-5788.

Sai l,  B. , and N.E..  Murny . 1930. The had (hast spcciHcity) genes of Escherichia
coli K-12. Mol.  Gen Gen-c t. 41:35-46.

5u|¢|_ F., S. Mkken, nd A.R. Codson. 1977. DNA scquendng with chain
terminating inhibitor; Proc. Nall. Acad. Sci. USA 74:5463-5467.

Sclnmu, M., nd L. Le Minor. 1975. Occurrence of the bacteriophage lambda
receptor on some Eniembacrericeae. J. Virol. l5:679-685.

Seebef, S.. C. Kcsskr, and F. Goh.. 1990. Cloning expression and
characterization of me Sau.¢3AI restriction and modifi~tion genes in
Smphyiococcus camosus TM3{l). Gene 94:37-43.

Sc ig nen nl,  M. ,  LM.  Neuma nn,  D.  Levy ,  and  LL Rlp ud. 1991. High- resolution
"C NMR study  of  the topography  and dynamic : of methnonjne. Biochemistry
30:3885-3892.

Shhlltzl, T., and -T. Kalsurn. 1988. Steady-state kinetic study on xhz inhibition
of the ldcnosinetriphosphaiase adivity of dyncin from Tdrahymena cilia by
glycerol. J. Biochem (Tokyo) l03:9'9IOS.

Silhlvy, TJ., NLL Berman, :nd LW. Enquist. |98-1. Experiments with gene
fusions. Cold Spring Harbor Laboratory. Cold Spring Harbor, N.Y.

S , R., D. Allman, and R. Sager. 1986. An cndonudcasc from
C amz: reinhardrif :hat dcavcs the sequence TATA. J. Biol. Chem.
zcmsob-wo

Skrzypek, E., and A. Pielumwia 1989. Dre ECQDXXI restriction and
modiiialion system: cioning the genes and homology to type I restriction and
modification systems. Plasmid 2l:195204.



6

Smi th,  D.L,  F.R.  Blnllner,  lad J . Davies. 1976. The i solation and par ti al
durncler i uti on of  1 new restri c ti on endonuc lease f r om F5'0v|Ha|cia . uu at i i
Nu c lei c  wa s Re s. 3:1543-353.

5-Ollld. R.. and H. Schiller. 1979. Nudcotidc sequence of :hc recognition site
of the Bapecilic rcstrinion modification system in Escherichia coli. Mol. Gen.
Genes. l68:331-335. as

Sollhen,  LM. 1975. Dctcdinn of specific sequences amdng DNA fragment;
separated by gel clcdrophorcsis. J. Mol. Biol. 98:503-517.

Stokes, H.W-. P.W. Betts and B.G. HalL 1985. Sequence of the ,554 gene of
flnchaichia coli: comparison with the lacZ gene. Mol. Biol. Evol. 2:469-477.

Slnkher ,  S. l.. .  E.G.  Gurney ,  R.C.  Vaknllne. l 9 ? l . Transductaon of thc ni tr ogen
fixation genes in Klebsiella pneumoniae. Proc.  Natl.  Acad. Sc i.  USA 65:74-80.

Stnkher ,  S~ l- .  K.T.  Shanmupm.  l" .M.  Ausuhel,  C.  Mo nldi ,  and R.B.  Goldberg.
1974. Regulati on of nitr ogen f ixati on i n Klebsiella pneumoniae de feva nee or
glutamine synthetase as a r egulator of nitrogenase synthesis J.  Bac tenol.
l20:8lS-821.

\

Slug,  LH. ,  and R.B.  W aller . W86. Effec t of  gly cerol on plasmid transfer in
genetic ally competent Haemophilus  mfluznzae. Mo l Gen.  Genet. 2031296299

rs: member of  a new famlly  of  r ypcSur i,  B. , and T.A. Bic kle. l985. ECOA: the E:
I r c str i dinmmodi i c ati on sy stems. J.  Mol.  Biol |8€:TI . 35

Sud B.,  . l.C.W .  Shepherd.  and TA.  Bic kle. 1984. The Ec oA restr i c ti on and
modi f i ali on sy stem of Escheridua coli l 5 T : enzy me stmc ture and DNA
rewgnition sequence. EMBO J . 3:5175579.

Thefilull, G., and P.H. Roy. 1982. Cloning of Pscudofnonai plasmid pMG7 and
its restrictionmodiiatiun system in Eschcnbhia coli Gene 19935-359

Tounixni,  A..  and A.  Reslboi s. 1983. Phage Mu: transpositi on as a iif e-style, p
105-158. In LA Shap i r o { ed. ) Mob i le genetic elements. Acadcmne Press,
Or lando.  Fla.

sformauon in r cstnction-def ic ientTni ,  S.P. ,  RJ .  Hlr i i n,  and J .  Ry u. 1989. Trane
Sabnonefhz rypilunrxrixun LT2. J Gen.  Mic robioi 1352256 E 2.567

Uellkc ,  H. ,  S .  Toy ama,  and  S,  Hqivnnl. 1964. On the mec hanism of  host
i nduc e modi f i ati on: mulnpli ci sy acuvation and thermallabii c  f actor  responsible
for  phage growth r estri ction. Vi rology 22:203»2l3.



7
(12

Vdlmlnc k,  B. ,  M.  Rey nold,  nd J .  Ry u. 1989. Two new restr i c ti onmodi fi c ati on
syslc rns, KpnA and K.pnB, in Klebsiella pnc wr lomhc , p. 180. Abslr .  89'  Annu.
Meet.  Am Soc .  Mic robiol. 1989. Ameri c an Soc iety  f or Miaohiology .
W uhingion,  D.C.

Q

Vu Pd ,  A. .  and C.  Co lton. 1904. DNA restr i cti on and modi li ati on sy stems in
Sairnarlelia. II .  Geneti c  c omplementati on between the K uid the B sy stems of
Ex haic fuk:  c ol i :nd the Sabnonel la ryphbmuium sy stem SB.  with the same
c hromosoma l loati ont Mol .  Gent  Ge net l35:5i- 60.

W ai te- li eu ,  PA. ,  CJ Keat ing  LS .  Nona,  I L E.  Sla lko,  LJ .  Horn str a ,  n d 1 .5.
Benner. 1991. Charatlc r ization and qxprc ssion of the Elscherichaa coli Mr r
restr iction system. J. Bac teriol. l73:5207-5219

Wnube, IL, T. lim. T. Knncko, T. Sllbltl, and T. Anda l'?83. A new class of
site-spcdiic endodcoxyribonucleases End-o.5crI isolated from a cukzxyotc.
Sacthxvumyccs cnrvinkr. .l. Biol. Chem. 2S8:4663-4665.

19883. Cloncd restr ic ti onmodufi cali on systems Gcnc 74:28]289Wi lson,  ( LG

l988b. Type ll resiridionmodiEca!ion systems. Trends GenetWi lson,  G.G
4:3 l 4-3 l 3

Wi lson.  G.G. ,  and Ni l.  Mur ray
Annu.  Rev.  Genet. 25:585-627.

1991 Restr i diun and modi f i cati on sy stem;

Wink, R.,  A. | =r5¢| ¢|, ¢| | ¢f_ md S. Fiedler. 1089. Transformation of  var ious
species of gram-negative bac ter ia bc longing to 14 dif icr cnt genera by
elec tr oporation. Mol.  Gen.  Genet. 216:175-177.

Stmdure and mec hanism of  mulnfunc ti onal restncti on
Annu.  Rev. Bioc hem. 50:285315.

Y u n .  n . l 9 8 l
endonuclease.

Yun .  R. ,  an d D.L  Hami l to n. l982. Restr ic ti on and modi fi c ation of DNA by  a
complex protem. Amer ican Scienti st. 70:61-69.

Zimmermann.  U.,  and P.  Scheuri ch. 1981. Hugh-f requency fusion of  plant
protoplasts by electric  li cids. Planta 151:2632.

Q



ABSTRACT 

CHARACTERIZATION OF RESTRICTION-MODIFICATION SYSTEMS 

IN Klebsiella pneumoniae 

by 

Boontar V alinluck 

Two restriction-modification (R-M) systems, KpnAI and KpnBI, found in 

Klebsiella pneumoniae strains M5al and GM236, respectively, have been studied 

and confirmed to be different from other R-M systems reported in 

K pneumoniae. Mutant studies suggest that the KpnAI and KpnBI systems may 

belong to either a type I or type III system, since approximately equal numbers of 

r·m+ and r·m· mutants were obtained. However, a DNA hybridization study using 

representative type I and type III probes from E. coli and S. typhimurium failed to 

show homologies to either KpnAI or KpnBI. The restriction endonuclease KpnBI 

was found to be temperature-sensitive with maximum restriction activity at 3o·c 

and no restriction activity at 42· C. Further, the activity of endonuclease KpnBI 

was found to be reduced to almost zero level by growing the bacteria in the 

presence of 10% glycerol. Although the mechanism is not known, this is the first 

time such a phenomenon has been observed in any of the reported R-M systems. 

These studies also compared the efficiency of transformation in K pneumoniae of 

three plasmid transformation methods; CaCl2 heat-shock; freezing and thawing in 

the presence of CaCl2; and electroporation. Electroporation was shown to be the 

most efficient method. Transformation efficiency in both the r+ KpnAI and r+ KpnBI 



strains was 20- to 100-fold less than the transformation efficiency of the r· strains, 

depending on plasmid size. Four different approaches have been used to clone 

the hsd genes of the KpnBI system. Two clones were obtained; these were 

named pKpnBl and pKpnB2. The pKpnBl and pKpnB2 clones were found to 

complement the restriction activity of a r·KpnBlm + KpnBI K pneumoniae mutant and 

were also found to complement both the restriction and modification activities of 

a r·Kpna1m·Kpnai K pneumoniae mutant. A quick subcloning method which involves 

making subclones from a plasmid clone in a single step was also developed. 

A preliminary analysis, based on complementation studies, of the gene structure 

suggested that the KpnBI system may consist of three structural genes, a 

characteristic of the type I R-M system. 
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