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: .. A8ST ,RACT ,

~ . . .
S.tudi e~ were under~taketl t o :hara Cl teri~e 't h e ' s~biod8

, ,bet;.,w~en an uncul t l va te_d legume , .v t.c r e~ L• • <l; nd a
, . . ' \

s t r a in of Rh i~2bium bacteria i8011i.ted f rom i ts root noduj.e e ,,'. . .. ' ', ' ,.
Roo t ' ,nodu l Jte were~ found t o be. .e longa't.e an d of ten

br·anch~d 'a t. ma~urh.Y ,.' Tri tiat.ed- t.hYmidine fncor po r a tion . ,

~tudiee. monit.bfs d by ,~tor '!'cl i c:J9 raPhY , ind i c"ated "1:.ha t \ '~" ;

nodu l es de velop from an ~pica lly-).ocat E!'d merhte~ . , ' N\t~09'~n ~
fixa~ion , .~eae u~ed by acetYlene ' red~ction , occ u r r ed a~t\rates ;
commensurate wi t h va l u t;ts ,r epor t ed for other l egume s . ~

~ sell-ds a nd plant s ' a r e smal l a nd can be c.onve ni ently
. . ' ' .

cu l t u red .!!! vitr~ but a rigorous s~,rification pro:ced~re~'

.i lnme r e i on i n" co nc li\ntrated sUl fur'ic a~id. v a. required .ee
" ~ ' . , "

prod u c.e appreCiable ' gex:minat.ion ~at.es . ' ~ul fu:ic -. ~cid

. ' ~ 8imu ~taneOUll lY ~cari f1ed ' a nd 8urh.ce-"t~ril 1:r;ed ' Vi c l a cracca ,

_ _ ' , _.__ -------: ..!~_ed8 . -im.·s permitted .nodUl~ti~n o f y. ' crac c'~ . bY ·8 ~1~cted

Rhizobium atr.ainll , "t o b e -eonv enien t l y .lltud i ed .

n e Rhi~obium h o l a t e, referre~- t o a s ,! ' ep. VC 2 ;

was i dentified a 8 a wild .tra in o f Rhi ~Obium l e qumi nosarum.

St ud i es were und ert aken to cn e re ceee r ee the ',b acterium with

ie8Pe.ct. t o 'c a r bon _an~riitr0gen hllt ritlon a -:,dwi th're s pect \?
, t he e ff,ects~f temperature ,a nd p/i on growth ., ~ Widetar~'

of carbon a nd ' ",i t r og en e ou rces ·wa s " U811d by! . ep , VC 2 . ­

Total' g rowth o f , ~ake ' cultures ~u d gniti ca ntly a ffe c t ed by
. .

ca rbon and rii troqEln 8~urcB a nd, mar k e dly ,dependent o n the

---- - -- ------- _._- -- - -_.._._~.~-_._----,--.--
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· VC 2 was lI,hown t o P'OBS8SS receptor sites f or ~ re~ti~ · f~om
. . . .. .

V, c c acc a seeda .The lectin wa s extra cted f r om V. c cecca. - - . -~

seeda by a f fi nity chroma t og raphy and labelled with '

flUOreE!c:\ nt. -i llo t h i ocy a na t e ( FITC) ~ ' Ni t rogeh .~i'~ i.n9 . aCtiVitY'
· wu induc eg" i n fr ee- liv i ng cUlt~:res of ahh~bium ·ep·, 'Vl12 0' " . I,

A' nUmber ' of -carb~h:Ydiate;'.:, ~ lone 'd d ' 'i'l}. :combinat~on . . . " '." ' ,- .
- . - . ~ ' " ' . - ' .- '

, 8 uppo r tll d nitroge n ·£i ka t i on . R. , ,s p . VC 2 noduhted, V' , - -

~racc ll. II.lI efficient~;' :~~ 't~o ·c.:mercta~ etrain'B · o/~~:o urn ' , - ,

lequminoa",rum;

y; .~ s e edlings , bei ng arnall , _~ould be e,asily

cu itur ad .!!! 'v i t r o a nd no~ulated 'by Rhizobium h!9umino a arum;

Thee e att:-ibute e per~it the y . ~ - Rhizobi\1Ill

legumi nosa ; um. eymblod~ to b~ uae d as' a. eonveni~nt lIlOdel f or

the PiBUlll 'BII.tlvum' (pea ) - 'Rh i zob i UIQ lequminosarum symb iosis .
, " . '

• Unc\11,tiyat ed y. .£!.!S£! nodul.es 'cou l.d b"G uBed as a source of

new ge~eti c materi~l for commercia l pr~dUCer& of RhizOblun:; ' r.

inocula. ~ ' Also, the, Vicia~ ,- Rhizobium lequmino a aruill "

symbi~BiB has pOtenti al t o be "u s ed in -land r eol amat i on ii-riel.. , .. . ; "

l an d ma i nt e na nc e_p r o j ects . ..
\
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I would l Ut e t o .~\el1d r ,-:fJ t. .e~nc~r~ .tha~k. t?,ray

.u.~r.ri8~r . or: Ary~ 'Bll ~ • . ~r hiB ,qen~roul~:dal " • .

. l uppor t throuqh o ut. the ~!J.r~e o f my pr~raJEle . · I voul d aho

· Uke to, 'U: a nk ~::~ll~ fO~~~tt:~9 " ' ,pr o j ec t . de velop ' a~on9
· t~~ lin.ea , tha~ I ,Wal _11lO.t . l~ter~ I!!I.t.e.d ' i n :;, To th.~ ot h e r . .

· ~embere~ ..k ':my, aupervIlIJory crmmi~tee•. Dr . J ohn _~ow a n d nr ,
I.' ~ ,

' .. Tha kor ,~atfl l ,\"" than k. ar,,\uefor. :t.h~l r wl 1 1 in9ne e ~ to ,

· l i s t e n to my IIanY, , 9u~r i .1 aln~ \a ~ f-dfl~elOped t!,ouq~t. ~

: 1 T1;'e. .techni.ca~ · .~a ff ot .t he\ Bi ology Depar~ent.

r pa;t i cu l a rlY ~u9~n. Fit.r.quald , \amu' Eiihon and Roy.' • . 1 .\ . ,. . . ' ..
Fi cken , a l e o d.aerve tha nk . f or the i r co n_tent co-ope r ation
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\ .:
X "

\
\

\
\ .

\

..

.'

. ,



. r

, MATER~~~~e~~to:~~O~~ant Spe c,i men e • •• • • • • ;. . ... . .. . 25 ' .
Localizati on of t.he Nod~le Meristsm ••• •• • •• ~ . . 25 ' .
Ass .ay f o r Ni t r og en ase Acti vit Y' . '.. .'. • • • • 26 .'-.

::~~:~~::r~~~~;;T~:~:~: ~~ ~::: :.~ :~ : : : .::~:'::,:':::: ~~ .
, Sources o f Bac t eria a nd Method o f Col l e c t ion • • 32

~
:\. ~~~~~~~~ . M~~~~:~O~lk ' ~~d .-;;;~~ . ~~:~~~~~; ..•-:.::::: ._; ;

ere a eueemene of Bac t erial Gr owth • . •• •• • • • • • • • • •. 35
\, Bacte rial Gr owtb Medi a •• ••• • • •• • ••• • .;. . . • • • • • • 36

\~~~~~~~r~;: ~~: th~ " if f~~~ '; f ';.i~;~~~ .;;~;~~ .. 39
, .: on Total ~rO\o!th • • • • • :-• • ,. . . .... . . . . .• •• • • • • • • • 40.

I
I~

" i
· i · I

. , I
/ T"BL~ OF CONTENTS I' .

FRONTI SPI ECE • •• • •• •• • • • • • • • • • '•••• • ••• .• . • • . . .1. ". . . .. i

.:::~DG~~~~~ ·· : : : : : : : :: :: :/:\: :::: : : : : .:!: : : : :: ::
,;:::E::F:::::~~::: : : i : : : :::: ::::;.::::::::::l.::::: ~i::

. i NTRODUCTION • 1 .

1:.! ~mmt~~:~m~~~~ :~+ : : : : : : : : ,:: : : : ;i' : ::: ; : : :
; 2 .1 Refer ences that Pert ain to t h e .

,2.2TaxO~~~~ ~~:~~~b~~~~::~: ~~~;i~ii~~ · ·· · · · · · ..7
of Vi c ia cre.cca • • ; -• • •• • . • • • . •'• • •• • • • • • ; . . 8

2 -.3 - . s eaa~~a~i~:~e~ G~~~~ . ~ ~~. ~~~~~~~~~~. • • • !O
2 . '4 Lectin8~tneYiiItiation o f Legwne-

Rhizobium symbio.Bes • • • " • • • • • '. ' • •• '• • • • • ; 12
2 .S NodUl e Morphogen eBis and Histology ... .. . • •• 16

, . 2 ~ 6 Local ization o f the Nodu l e Heristem 18
2 .7 Rhizobium Tazonomy . a nd Biol og y

2 .7 .1 General 19
2 .7 .2 Carbo h ydra te Use . •• • •• • • •.• •• • •.•.• • • •• •• 21
2 . 7 .3 ' Nitrogenas e Activity • •·• • • • ••• .• • •• •• . 22
2 . 7 .4 Tempe rature. and pH Effects . o n Growth • 23

\,
, )



. ! . ,~ .

• . ~ I •.

.' ;

. TABLE OF CONTENTS (ccnt. , 1 '" . :

·1

\ .

' MAT~RIALS an a ~THO"DS ' ( C~~t. ) : . , .

'" ~ .,~::~~r~~~~~e~~fn~~l~~~~;e~y Rhi;;bi~ : ~ :'~ : ::::::: :~
Nitrogenalie Activity"'in Free-Living

. Rhizobium Culture8 .i • • •• • • . 42

\.... ' ~: . ::~t:~f~:l S~~=~~~er;~~~~ i : " : : : : :: :.: : : : :;': \ (: ; : J; : .:;....
. : " RE~ULTS

1 . The Pl ant · ' . /

t~ :~~!~:~:~~:~~~:i~;~ ' : : : : : : : : : : : : : :( :.~::'::: !r'
1 .4 Lectin lso1l!l.tion ; . .. . . . . . . . '52

. ' 1 . 5 G.ermination • • . " • • ; • • • ~ '. '• • " •• .•• ••• • '.' •• :. . .. . 53 ,
2 '. ' The Bacter ium " .

. :.~" .: . i :~ · , ~~~~~~i~rcai iai;~~~~i~~i' F~~t~~~~· · · · · · · · · · · , 53
2:.2 .1 . A8pects of Growth ' .

2 .2 . 1.1 Growt.h .Ra t e . • • • • • • , " ~: ' ... • •• • •• 53 '
2.2.1 .2 Carbohydrate Use " .• • • •1• • • • • • • • • • • 65
2 .2.1 : 3' Effect of Carbohydrate Source

on Growth . • • • ~ ~ 65
2 .2 . 1 . 4 Nitrogen ,'Use . ! • ••• • •• • • • • ' • • • • • 65
2 .2. 1.5 Effeo.t B of Tem~erature lind pH . • 66

. " ~ : ~ : ~ -. ~~:i~;:~n~~~u:r~r~~t~nd ; . ' '.: " • • •: .. .. . ~ • ., 67

: -, " Qrllm Reac tions • • • •• • • • • •• •, ,. . .. . 67
2.2·.4 ,' ,Ni trogenase Activity in Free.i-r;l'ving

2 .3 'Noduiati~~l~f~~ty " :: : : : ~ : ': ·~6::': :,::':::'::::,. ;:
2 .4 ,I de ntit y .of t he I~~lat~ • • • 62

• ~: SC~~~I~~ant . ~::l'~
1 .1 ., Nodule Sha:pe and Meri!l t em Looalization '., . . .. . . 84
1. 2 NitrogenaBe Aotivit.y, • • • •'•.• • ' ;..•' • •• • . 85

, 1.3 "I s o l a t i on o f Seed Lectin ,· •• •.•• • . • •• .• . • • •• • . 66
~1 . 4 Gerlllination ' •.• .•• .:' ; •.• • •• .• • •• . 66

2 . The Bao terium ~

2.1 l a-pects of Growth
2. 1 .·1 Growth Rates , • •.• ., • • ••• . •••,• • •.•• , 88
2 . 1.2 . Carbohydrate Use " " " ( • •.•• ~ . . . . . • • • • • • • 89

" 2 . 1.3' E f f eot o f Ca r boh yd r a t e ' Sour oe o n
Total ' Growth • •"• •• '• • • • • • • •.•. • • ••• • •• '. • .89

..2.1 ;4 ,Eff eot of Nitrogen ' so urce 'on Tot a l
Gro wth . "• • • • • •.' . • • : .; • • ••• ' .' • •• • • •• • • • • 90

2 . 1. S EffectS?f Temp.erat u;r e ~nd pH .91



,
/

/. ...

.....

.. :/C...
-,vii ,.

I ./
TABLE OF CONTENTS (<:;onu . )

. N /'
DI ~CUSSIO~ (c ont.)
. ~ 2 .2 " Le c t i n Bi nd i ng Property .-• • • •• ! 92

-. -2 ' ,3 fha. Catal~u!l e an d Litml!.-- ~ilk Te sts ' a nd ..

..... 2 : 4 . Ni~;~9~::l;~~~~~~~n : iR '~~;;:~i~i~~ " .. •••-.;,,; 93, '
' Cul t ur e s a nd Carbohy~te Ef fect' • • • • •"• •• • . 9'3

· ,- , 2 . 5 ,'. I 4e nt i t y of ~he_ I aolat'e. • ; .• .• ; ; • • : •••• ••• ~ • • , 95 '
3 . I mPl i Ca;\;n s -Cor -A.gr i c ul t ur e and Land · . '

- :::~:::::~;:;:..:::::';::>.: : ~ : ;:::j :~ : :,~ :.: : : :: : :~: ~:

~"

APPENDI CES
Appetld ix' A

App~~di, ' .B

Appendix C

Appendix ' 0

Appendix E:

Appen li ilt F

~'

References th~tPertain~ .t o Symbiotic .
Nitroqen Fixation i n ,Vi ol a ceecce • •' 112

Ef fect 'of Ca r b ohydrate Sou rce~
. Totai Gr~h . o f.! ; ep . VC 2 . ; • • •••
To t al Gr owt h of R._-a p , VC. 2 ~n .

Manh~rf a nd Wong' s o(191 9i Defined
Me di um • • • • • • •"•• • • • ~ • •• • -• •• • • • • • • • •

TO;~r i~dtn:~~:~: . ;_~ : ~ ,~: . ~ .; ~~ . ~~ . : . : .
Effect s o f Tempe rature a nd pH .on - .

Total Gr o,wth of ! . ep; VC 2 . • • • -• • •
Ni t rogen a s e Acti vitX' o f Free - Litving

R. ep , VC 2 Gr own on LNB'S ,Med i um
With Vul ous ' Cllrbon~Sourc~s •.• ••.• • •

Number . o f Nodul es Form ed . o n .Vi c i a.
c recca by Three Strain s of-, - .
'~lzObium . • • • • • •~ • • • • • • • • • • •• • • ;; ~.



2H2

INTRODUCTI ON

Gener a l I?troduQtion

. , ,

on .t he"r~ts _ of ". ~e~wne plan ts : Mat~e nOO1l8s are. •

. Ch.ar~~teriBtically _ c~pable of :e",uc~n9 at~heric -n i t ro gen

( !! 21\ .int~ aIllJIIonh -( NH 3 ) ' tb~oU9b , the ,ca t:a l y t i c .ac t i on of a .

. b"a,<::teri'al enzyme , nitrogen'~ l!i e (~ 'a8e) . " The 'chemica, l ' pr~ceB8 '
/ / '., '" " , : '~ ,

i8 t ermed ' n i t r o g e n fixationl and its stoichiometry , i n

bio~ogical .SY8'tem~, ' ~,an 'b e ' e ll~re ';;8ed' a8 fQ.llp~e l .

• 8H+ ' ~.e 2N';3 '

, :."

(Schrauzer ,197 7)'

Ot h e r or.9a~l~~~~ 'a~~ ,'cap~bie of' ' fi~_~~9 n~:-rOgoen F:rable 1)\~d
-" :non- bi o l og i ca l ' means "a b o ,exi s t "(Table 2 I altho~9h '

" - .-,- --- _ ';- e, ..-'.~- ,-- - ,--:-'-' -rr-- ,_:_:
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Table 1 - Some Bi ologic al Nitro<jen-Fi,x l nq Organ isms ·
\ ' -------- ,

# \
Ca t e qo r y -....." organ l m{s)

'"",,,, '

asymbio1;.ic prokaryptes
. . aerobic ' AQUllsplrillum,~

·I.:r..zo t oba:ct e r . ,Azo t o c oc c us '. .
; iBe i j ~rin Ck ~a ,.. Derxi~1 Gleoc a ps a ,

mrcr ceero~icAzg,§pirUlwilr P1e'ct onema:
" : Rhi'Z~biwti: . Tlii oba c U l us ,

.' Xahthobacter ' ,.

\.
"

./ -:

f ill:::u i tativ e ~'Bac,~ llUS <citro~acter ' .

," i.naer;bi? ChlO~bi~~:. Ch'~O~tium, .~;
~, DeBulfot.omaculum,

' :,. ,oe s'ul f ov i b r i o , _ Ectothiospira , ";

:.~ 'p roprion ibacte rium ,. '. , .

~ ~ .' " Rho'dopse udotno'naa , ,roiodospirilluffi,
Th l beedia ' . ; .

j: ',: " , ': ':" ,. , ' .' ,0,, 1\ "
,'t '.' • SYlllbi?,~ic , lI'aspd.a~~ns. i e qQIDes x iulizobium, "1'arasponfs -.

• . '; . ,. ".1 . , .- .X Rhi:i:O.biurn', wQoa.yi plant~ 'X

Frankia, PASpal\lJ1\ ~ Azotobact~ r~ .
'iarioU5 asspciations ".o f qrasses ;
"and ~e"eds , ~ pr6k~ryoteB, :V~ riQUs
a igae x fUngi , Azolla' x ~aberi'~,

"Cyc ads x Nostoc, rumi nant, animals
":;~and termites 'a nd HOIOO sapiens

: ~ e~t~robacter;La - .

"' . : .
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Table 2_- l"ethods of Nitrogen Pixa t 1.on an d t he

. R~lative Contribution o!- .Eac h t o ~he

Worldwi'de Nt trogen Economy

/

Method Rate" • .

o
( *) mi ll i on metric "ton s per annum

! " .

I ndustrial" Fixa tion

'.L i ght en i n"g •
"~ . .

Ti 02 ·FV~tion .

40

~' ' 1 0

68-7- .

I~f,erence

Rao ~: .19 80

aeo , 1980

Burna ,a nd Hardy " 1975

HenderBon-Se ~ lars

and Schwartz ; 1980

\

/('
I

I
I

, I
"j
l

I

. .

l
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Br i mblec:ombe. 1981 ) 8 0 p.r o e e u e s whic h mai ntai n poo le of

fixed nl~r0gen ' are~ im~rta.nt . ,f
Pl ant s geiter .ally "h a ve a "h i gh r equip;ment '~ for nitroge n.

(Bid ....e ll . \19 74 , p .23 8 ) ec ag~icu ltl.lral c rops c onllt llntl y

reduce pooi\ ~f fized nitr~en f r om t he soi l. As a r es ul t ,

su p plemental nitrogen must be applied t o lIlai ntaln t he

fertility 'of\the Boll. The usual methode Lnc Lude

a~lication !¥ co mmercia l f ert i li zer o r manure~ lind

cu l t i va tion o f ' g reen' c r o PI ....h i ch are, plOW~d und er a t

'ma t u r i t y . The vetChes } Vlcia 8PP" ' a nd ,c l ove r s , Tr i f olium

. ap p •• are ~ommon gr e e n c r ops. Nitroge~ f~\~i lii. eli,8 "a r e u sed

ex tensively in No rth Alllel:'ican . agricultur e . t o supple.mant 80U

. nitrogen l evel s and c urren t °agr l c ul t ur.a l practlc~. a re

h eavi l y de pe ndent. 'on_t h em.

, The preferred ~ethod t o I nc r eeae levels of uaable s oil

ni t rogen il 'a -coneene acue i s su e (RaO'; 1980 ) since' prob lema

o f ~conomics,biolOgy and, t e ch no l og i c Al a pp r o p ria.t e'ne8s .mua t,"..

a l l be a ccounted tor . AS8o c 7at i on B of legumes and rhir;obia

are , howe ver , curren t l y ~mportant in, ~U:P/lYing : fixed

n itrogen t o t he l o il 'a nd i n o t h e r aspects o f ag ric~ l ture

' ( l s e l y , 198 2 ). a crecver , t hei r importance will pr ?bab ly

cont inue i nto .t he immed~ate f utu r:e a i nc.s th ere wi l l be an

est i mated thr ee - fo ld i~crel:l.se i n dema nd t o r f h :ed n itr og e n

ov e r the ye an 1980 -~OOO ( V~rghe8&' 1971 ). Industria1 ~y

produce~ fertilizers may not mee t , t h i s demand :0: reaaons of I
e conolllj,Cs a nd re source ma nagement (Poatg a t e, ' ,1 98.0' Rao ,

\
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1980) . New st.rategies that lil1k b i o l og i cal fixat ion ....ith

abiol~gical ~hation I?ay evc rve 0; genetic improv'e~ent of

e~~8tin9 plant an~ bact~ rial genolll8s may 'o c c u r I Au a ub e l ,

1981 1 Brill an d. are , 19 81 ) . Legume-Rhi ZOb i um aYm~io8 es, o r

. genetical ly- reconstituted lliuloclatlona of t ? em, Wi ll .

undoubtably n eve lin i mpor tant role in supply.log tut~re

demand's for fixed nl tri::lg"en .

In addition t o t heir agricultura l i mpo r t ah c e ,

. :le9um~-Rhizobium aymbi b es e are ' blo1Q91cdly -,i~tere8tin9

~ecau.e t h ey ~nvolve el~borll.t~ fnte~acti'on8 betwe-~n. "t wo ' very

dhp!1rate taxa . Fo r ex ample . Ve r llla ll '!!. ( 1 978 ) ~ have

shown t h a t during t he 'infectiOn ' of -soybesn ro ot s , -t 'he
1 ' . " .

~l~nt cell wall il~egraded by ' II c oo rdi na t e d ' e~ lI:ymatic

p r .oce s s i n whi ch the p l a n t r e l e a s es ce llulase', a nd .! . .

j ~pOni6um releases pect inase . ', These a ctivfties perrait

" .
iJnw~~d movement of tne 'lnf e,ctive \ tlac~erium-. t hrough the

plan t root .

I· Despi t e t h e importa~ce of legume-Rhizobi um· symbioses t o

~9 r1cu lture a nd the i r interest to bio~ogy,orily 16% of the,

t e gume ~pecies . hav~ b ee n 'e llami n ed. for ro ot nodules .{All.enI
at d Al l en.. 19~1l: tn i8 _ .ind i~te8 t hat Jna.ny new classe s Of r:

a eeociatione may yet e xis t . ' Of t ne legumes that' have tle inj

examined for root nodures , t ne biology of on ly 10 or 20 r
t he mast agr i c u l t ur a l l y im po r t an t specie s has b ee n , t Ud ed

exteneive l y. Thes~ d a ta indicate tll a t tile b iology o f

legums-Rhizotllum symbl08sa ia not wel l und arstood . Tb s
, I

l

I ·
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l ack o f 'knowledglll mu8t be eliminated i f a ••oc i a t i o na o f
j ' 0 . :

l e9ume s a~d\ rhl ~obia are t o ~ manipulated. to t heir fullelt '
~ \ . . .

degree. ,i n trill ' s e r v i c e .o f lllan . .': ' .

preUMi iary studies o f an . i e o lat e frOlll "'ic:~a~

nodu les by thi s autho r (A.N :) IU9 Q••t ed t hat the isolate wa B

a: wi l d Btn.l ~ o f R. ;e9umin~••rUIII. the endo.ymbi~nt of

Ga r d en peelpi,eum-eatiVu. Lei , pebe .ee.(Vieia i abe L. ) a.'

Lentil (L en" bUl1~erle HeOl e _I _ The ·r'ho~ro. Viela- - - --==--- --:::::::::=-:-..'--- .~-.-. _ - -----··-1-·--· '". . - _ .

. c r ace• .np d ul.•• . m19~t. th8re fo re . · be of ben.fit to local

agri culture Bince the IItra!n. ha Ve undergo,;.'. lIome se lect i on

. ~or fi t ne ss to the loca l Bo il e nvironment . ·Mor eover. the y.

~ Bymbio~h . c:o u,l d be usefu l .i n Itudi.. o f pea-type

Bymbio~.e lJ ' I1 n:1!l · t h e respective p lant. and bacter ia appea r

~ulte closely r.lat.ed~ , . .

Char acter-i zat.i'on o t. t.h e aymb ioda of Vieia~. a Dd

'ita endoa~iot.1e ~i~Obi~ Part.n:I;. vu ~~.refore nen &II an

intereat.ing: biological a t.uii y · ·ti:lat. bad ei:in~iderab\ e .

appl1cat.i~ t.o .ag:r1fUlture in Can.ada .

1 . 2 . s t.a t.e~:ent of .R.a.areh ·~1IllI

. The p~ima~ aIlll of th~a' rea e a r ch project. i. t.o

cbaracter1~. 801\'18 a~p"~tB of t he Y!s.!!~ .; Rh i ZOb i um

ap , ~ 8yinbioll ; 8 by.exa~lnln9 ~mpor~i!lnt f eat ures o f t h e ,'p l a'n t

and the bac t.e r i um a • ..,.11 a s 80me 8al l~nt aspect s o f . t h e ir

Interaetlo~ .

/ :

. -- ~-~_. -----.- ---'--
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Selected ae pecee of the stmb~osis wiU ,~ co~ared with

ehcse from symbios~s ' o f c ommerc iahy important leg- WOe s ,

' ~a:rti CUla rlY from fab~ bean <I~vi~iJ f~ba L. ) 'a~d ' 9a~den pea
I .

(pisum sativum L.J • .These plan ts a~e~ated ,to,t" ~ I"

, an d their s ymbi o s e s have be en e xte ne Iv ejy s t udie d .
, - " -....

The usefuln~s,s of the~.~ - . Rhizob ium

· s ymbi o s i s ', with ,r e ga r d to agriculture and land ~nagement,

will a l s o b e . ,d+s c us se d i n this the·s is .

~ , ..
1. 3 Te~minology Notes

, " ,

Throughout t his thes'is the convent.Lon of the ,literature

refer too proceases that o ccur pri or e c the development o f

a mat ure l egUll\E! nodule . The t erm has not been, used in its

___~~_~_pathol09~~i sen~~ in th~~ ,case. Si mi l a r l y , t he word

''host ' re fe'r s to the ' le9~' partner ','~'f 'th e; ' s ymbi o s i s :

Rhizobia whic,h are internalized wi thin t he host are said

t o be ' e ndo s yll'bi on t s ' . I'

2 . Liter at ure Review . ., .".
2.1 References tha t Pertain 'to t he Vic ia~ ·Symbios i s

An an:notated list o 'f the literature that pe r tains to

.. th'7' Vi d a~ symbiosis is g iven in Appendlx'A ., In

s ummary , t here are ea rly references to nodulation of ,y.



"2 . 2

s eed l e ctina.

, c

a r acca , a de 6~ription o f t h e ;ea eo~a l pa t t e rn o f th"Odul a tion

. i n Vi C1a c r a oc:a and' kl!oc:he mic:al s t Udi es of the Vi cia ~racca
--~

...-:The SOw .ve t ch . _Vicl l!. ccecc a L .• "i s -a -I!!~mbe r o f 't h e

tr~be Vice ae: _f ro m ' t 'he eUb- f~mi lyLot..oi~ea ( Pe.p ilio natae :

. .Vi d .a cr.ac~a h a a b een COlleC~ed from.a l a r ge ,n umber o f

ai t e e throughout t.h e wo~ld s uch a s Eur a sia , Gras.nland. Nort h

ADle r i c a . ~outh 'Af r i c a ", t h e Fa lkland 1611l.ndll, Naw Z~i!lla.nd and

Tas'~nia" ( Hul t:.e l1. 19 '68). - In Canad~ the p lant ' h a B b e en

reported f rom all . ~en ~rovincea a nd the YUk~n but n o t fro:n

t h e North."~8t Te r r i to:lee (sc~;an r . i 978 , Pord i d a nd Cody, '

1980) . Collec tion s o f y . ~ f ro m insular Newfou ndl a nd

in t he Ay're He~barlum of t.h is univer8~ ty in~icll.te tha t · i t 11

.... t
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, .\ .
widely dis t r i but e d on this isla,nd •

.. I \ I ..
~ ~ is genera lly he t d to D e an i ntroducti on from

Eur op...e (Fr a nJf on . 1955 , ,. Fernall 1})70 , 5 c0 99ao ; -t1978 )

althougfl Gleayn {l963, ,P '" 44~htell ' r

~ ( i t is ), na~iv e to t ll,l!! n , parror our rll~ge

{n.• e . United, St ate s and a djacent Canada)
, .. I

but . apparently only introduced from

t~ I nd . ~nd 8out~",ara . · \" . .... . ,

~ . • of. . I . . . :
. The otller repr esentatives of the r s nU8 .Vi e l a ,i n ~n8Ul~r . \

New,f~~ndla~d, 1.: sativa L . and l' f ab a ~' " (ROUl~au • .

1978~ , .\ llre a ha believed ;0 be Eur\opean"int.rOduc tions

(sc09911 n . 1,978 ) . . ', ~

T~e synonomy o f ·it . e re c c a i :\, a s r~'c09nized by Sco~gan
, - -.-- I ' . . - , It

(1 97.) .'0,'.ca~ed a . t .e ~. fOll":'~': \_ ~

~e~~~~~~~~i~RO(~~~e~:nuifoi ia ' Roth)
f . illbifl6ra (Aachen and Gr a ebn.) Ga ma

var. cr~ , . \

f. c~:~:aa~{i~~~u~~se~~~~ei~~e:~~~i~pet. )
f. s ericea ,(Pet6rm.)~ i
f . ~(Peterm.) Goms \ •

b.ncludes f .' alb1flor~ Ki~tl ,"" , "

~ll epeereene. 8amp 1~d 'b.Y this author (A .N.) \are t ypical

representativ~8 of the 'species •

y. cracc~ i s known, throughou t ;No r t h luns'rica by variou s .~

colloqu~a1 n~~es i~din9 CI,OW 'vetch (Scott , 1977), t ufted

,j"et~h < \Ji'il~ v:tC:fl.'~ ' ~~~t~.j;U fted vet 9h (Frankton, 19551,
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' b l ue b i r d s (Scog9an. 19 50) . ~ll.nada pea , pr , i n t h e ,Fr e nch

language, , j a rge~u" and VSSqUB cr'!'que (F e r na ld. 19 11).

Thro ugh ou t t h e remai mJ~r of tbisthesls I sh all use o,nly tn,e

~ame cow v etch as , a "c o l l o qu i a l synonym f~r 'Vi e i a .c r a c c a L.

. v iet.a crecce Le , p &<, nn l " · he rb wi t h b'Ul"h-PU~'.o r . . .

. (J::arelyl white f lowers tbat are borne on one s ide of a ,
I .

l ong-pedunc led rll.~erne. The flowers be come flat.tenedpoi:!s \

contll.lnin~ 'lHlveral re;ddi~~-brown. o va l t o r ound ' ('2 .5~3 ·. ~ mm):=:1"

; on9 ' ...d •. · ··Th e t.(,~. weak e t.em b ee.ee ·oppOo1 t e".> ; ·, v•• t h a t

c o n s i s t Of. 8-12 leaf let s. Leaves end in bnanc'hed tendrJ.la'._ .

..,h l ch , al low th.~ , p lan t t o climb-Ild j ll.c\ nt objects lueh a s

erect plante or fenceposte . This twlning h~bit probably '

. ilc co,unis' for the plant' s freq~ent de signation ' all a ' we~d ~

(Frank _~,!n: 1955 : Ale~ and SWitze~ 1976) ; The COW Vi!lt eh .

ean be found i n,

· ~eadows. p~8tures. ga rdens . wasteplac8 s . , gr a in ·

f ie l d s. [ and . o t h e r ] cultivated f ields"'

(Frankton, 1955 , p .100 ) a8 well as on

~'s~a Cli ft's; , river gravels ; [ ~nd] ~8\aches • on

't h e Gaspe Pe nn l n8 1lla (S <:09gan. 1950.• . p . 253).

2 .3 seeeonea Aspec ts of Growth and Nodu,lation in Vi cia

Pate (l958) ,tudi~d seasonal . a~pecte of gro....th and

nodulati~n in field-grown Vi d a~ from Northern

. i ·
\
~
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Ireland . I n y. ~,

-A short-"1ived, fibrous root system is ' d eve l o p ed
;"no;'! nodu1 a ted in the: first fe w mo nt hs · of 4

eeedling growth. This is replace d by an
extens ive' syll telll o f starch -stor i ng rhi zomes . '
each with its own ;"dv entitious r oots . por t i o n s
of the r hizome system may become separated from
t-!J.~ paren~lant: Nodules predomi na t e on

. lI,dv entitio"ul" r o ot s f r om t he cu rrent s e ason' s
rhizomes "~;, . "-

(Pate , 'USa, p ,5 10-11)'

We dd e r bU,r n a nd Gwynne ( 198 1) studi e d th e 's eas on a l nat.ure of

growth and n i t ro g Eln fixation in ano t. h e r r~izomato-: •

Peren~hl l e gu; e. ~ uliq.1noilu ll SChJcu~r , (t~ui 'Ma r 8h
~ . . .

Birdefoot Trefoil) in sout hwest Scotland. Production of
. ~ ' . ,

aeri;" l shoo,t e an d rbilomel (dry we~t of, tissue) r esclled '8

peak i n Sep t embe r a?d octOber wh i ~e . i~rOgen. fixa tion bega~

i n June a nd rose t o a midsummer pe a)oo. ~ July . The "

commencement of nitrogen f ixation, . "coincided wi t h

increas ing ' soil t e mper ature M while ~h~ - d llc U na ' in fi x atio.n

was associated wi th i nc r eu i n g rainfall . decreasing soil. .
t emp era tur e. flowering and o neet of r hi zc?1U8 pr Od uct i o n M

( we~der.burn · and Gwynne, 1981 , p , 5 ) 0 .

J
I I n~ ul 1ginoaus, MRe ne wed aeria1 shoot growth h I

IIpr ing wall' ini tia ted ,mainly .f r om node ll on rh1l;om e ll -formed ' i n

t he p revioua autumn ," Pa t e ( 1958 , p. 511) sugg e s t ed a

simila r ,r o l e for o verwi ntered y. ~ nodul el'l i n Northern '

Irela nd l

"Nodules may remai n on .a r oot sYllt om for 12-14
mont h s and hence ' t wo aets of. nodu1es may coexis,t
for a s hor t. period i n ,' t h e early s pring ,
the o lder' 's e t stil l h a emoglo b i n-p.igment.e d and
pre!Ju llla.bly active ' i ln . fixat ion . I t i s po seib1e

- -----~
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that o~e 8~t o f a g i ng ':od ul e s may provide the · .
neceS8 ar~ growth materials for j uv e n i l e mellIbera
of the same root s¥lte m. A large p;-oportion o f
each season 's no clul e sA survives the normal
I r f eh ....inter".' .

Sym bioses
. " ~

2 . 4 Lectins a nd the In itia t i on of Le'3UJ1\S-Rhbobiurn

Many 1~9~e8 : 'c ont ain, 'one - ~r morer proteins :kri~ iI,8

l e ct l ns whi ch. are belie v e d ( Ba h o o l ' a n d , Schmidt; 1'974 ,."

~lbe~e:'~ila.nd~nd·er'~O;~p ;?u~y, 19.75 ), "~O. med1t,t.e; ' · '" :
' recognlti~n ' J,etween strll.in sof Rhi zobium and- t hei r : !

appropr.iate 1 ~~~1Il~ h~~tB . , Some ~omprehen8iv, .trelltll:en'~~ ·o f .

r~levant eep e c t.e o f th e lecti n liter~tur; ' ';' r~ i?rO~ide~b~
• Go ld a n d B!l'lding '(l97S) . Sharon n 977 ). R0t:h·(Hna)~ B!l.U~~,

and Bhuvaneswari {19 aOJ a nd Pi stole (1981). . ' _ -.
. . ' . ," ' . ' . -; ' ' . :'

The hY~ttie.is ' t ha t l egume 1e~ti~s r ecognize II P~':lf:C .

s t rain s of Rhizob ium (Soh oo l a nd Schm idt , 1974 r WIlS'-baOed on
- .--- , . ' <,

ooeer ve e r cne t ha t l ectin ~roin soyb~an lIe~d boand , to' 2,2 out \ . ~~

~f' 25 s t ra i n s o f tho soybean endollymbio~t , Rhliohitirn

i aponicum, b u t not . ec 23 st~dns o f Rhhobium'vhlc~ ,do ; no~ ,.:' : .

nodulate , IOYbean . A !DO or the bioll:l9ical 'r~le of ~eg~e F

l~ctin's ~ . whi ch ar?s e ,from .;h e a ~d ~th,er ex~er,i~e!'tl~'l

e t a,t ed that lectin on t h e ' sur, ace ;o f 't:he r oot coul d : '

. . . " , ' "
hypothesis' i ,:, : ,~ lp•.Cia1 ~y

enowne.:f for t~eir,a~ll~ty 'to
b acterial cell llurface. ' Tb

. , , . ' .
' r ,llcog n ize ' bacteria l?n ,t he ash o f s uga r IIIcli~t~e~ ~ op. t.h~
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bin d ' P,ci £1c. n ": t . c"t.in '"9ar. but not to oth.<o, The , .
I •

. term, , ' ~ecti n · - ~ B :tle r i Ved "r: .Le t.Ln ,y er b l eger e, t.C? _ ,~>:- ,

· p i c k or t.o choose" (S har on . 197,7) . , ;:. .

- Lecti:ns lla ve be en hol a ted f r om ~ great. 'numbe·~ .:0; .'
legUm~s ' i.ne ~Uding , sOYbea~ _~eed,s ( Lot,a~; ,1 9 74 ) and ' r?ot.s .

(Gael e!S: .!.!.., 19 8 1) , f rom p e a ·seed s ('Trowbridge, ·19 7 '4r

Ki~j e !S: ~'"\1980.) and ' ra'ot S · .(Gate~o·~ IIe. · a nd ' Bo~it.er , 19~q:
, : K'~nj~'.:.ri, .!! :. ' 19 80) , ' a~d , from 8~e,d~ .:'and .roots of 'Lotononi~

' , ' -ba i n es!i I _i.~w a nd , Strj,.·jd o.m. 197n ': Lectins 'h ave' ai s o b!!en

ia61~ted ~;om Be~-d8 o f vari~~s O~he.r legUm~s e 6Ch' a 's ' lenq,, 'l r !

(1:1<;>.,.;a rd" '~'~. , 1972) ~ Cl~ver (Dana ~~• • ':·l.9;af ~rid': '* '• .
'..

a~£a lfa (p a~'t ..!f ',!!; . , 198,~ ') : Among tl\e ,v e t eI; lpecie ~ ...

le.c1:;in e ~~ve b een ieo~ated £rom eeed~ o f Vida . vY, l o ea

(\BraHal~ ~_ .!! ' " 198~' ,Gr Ub hq f f e r .!! .!.!.,1981 l , z-
sati.v.a (Van Dr i es ec .he .!! ~ • • ' 1980 ) , an~ Yo. f a ba ( wa~g II
~~. i974 1 DeC"l.er qu e .!!!.,.!! . " ·1976 ).- lri t.~e co-..: vetch ~

' . . . : ~ ' . "

, ,, ~~c7 a cnc.e tt.: .~ ec~ns h ave\ be~n r~~rted from t~,e Il ee~1 ,, "

.1" "' '( Blilu maifn,, !!to ;,! . , ~'~e.j" ,~d ",,:ourok, ' ''./a, ~all
f r , . e leave s , a ceee a nd t op s ' of .this p lant ' (Cazal a nd

Laiaur 'i '.''':1 '~52 'l. · : .4l' . - ". -'/ < ' ~ • .-,

• , ... I ~ "

The s B.eds ofY. cracca po sses s <two di,st in'ct l e c t in

' . fra, c:ti~nB (BaUIllan~ ·.!!:. ~ . • 1979 )", One ;f ractio~ binCla t.o

N-acet.Y1 ;-ga lll~.t.~eallli n,~ .(Gal, - N- Ac") ' ~nd g~lact,~.e ~nd ~ .

8pe Cl fidally ag g l ut..i n a.t.ee "T:t:Pe Al ' ery~rocyte B (Ruediger'.

'-'~ . '

1977 > The .oth~~ ' fra,~,t~on' bi n d s t o g lucoae {ch u ). bUt d.o~ 8 . natO '

' . 'd is~~ay ' any he.lII~~~ l~,tihati:on. , s peci f J.q i t y (Alpberg .!S:!!;.

I·

. __( I-I _-'-_---'-' _ ----L....-_ _

" . /
. \ "
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' 1 9 68 .1. Th e. Gal-N -Ac b ind i n g. frac tion ' is a teti."ame r · composed
t • - •

o f four i de.nt-ical'subu n i tll! wh ile the Gl u 'b i n d i n g f raction is

composed o f ' a small.er po1rpept'ide chain", 'the' alpha Ch~ln .

and' a l a r g er Chai.~. the beta Chaln • . A~a lys is of N~terlllinal'

a ll1i~o ",c id ' sequences a nd iJllll1unoch emica l properties r e veal

t h a t t he 0 1'1,1 binding fra~tlon i s f a r more h OlnOl o g o u s ~ith. ' .' . '
.: t h e leCr.~,n·B· o f p~a.. ~_?d le~til ·t.hao ....ith. the ~~l~N-Ac

frac,~n of y.: craccll. (B15lllf!a nn ~ !!.!: . 19 79 ) 0 , Those

lIlI th.or 's suggest {p , , 21 7 ) that the two V. crecce lectins

: a~e CQ~ed ·' ~io~ . by' 8~p.ar~te (.~~nes,. ~w~ich~ha:Ye . a ~~n. .

o r igi.R,· "b u t whi ch dive rged" ~ numb e r of years a90~.
. ." ' . . \. '. : ' , "

. :' ;The eer-s-xe. b iqdipg' frac tioo . can b~, .furt.herre8dlved

. , in~o· t~ lI.~'b-fr~(:tions on th~' b li la of . pH-dep~ndent ' .

d ellor bt!on !rbm a n ,a f fi ni t y """'~ atogr~phy column with a '

~~9 1l1, act~8~ ligiUld {Rue dige ' .19: • ·o ne . 8u})-' fracti.~e80rb8 :

" a t, p~ .6 . 8 a~d ' t he ~the~,.de8.orb8 .at.,p 4 .t~ , both· c.9ni:.a:~ '

lieve~a.l . (:~;;;:nent ll t!,at:~~e 8 ~mllar _i nic _ ~harg~ 8 ,

..e~ec, . troPl\o.r~ti(:. .lDObil i.t~ ~ ~e'!'a: g'g, lUtinati~iJ. : ca~ac~t~ •

. • TVe preci •• role ',~f le~in· i nit.iating ' .
' / ' . . . . • . ', .. '

. :ligume-~izobium. lIymbiO~.~8 i ~/n.~nown .a~~ qu.ite . .

co nt.ro ver,ial ~ ine8 some rhizobi~ b i nd l e ctin ; ~rom , P~~~:'8­

that '~hey do not. nOdu l a te. (Da zz o and ~ubbell , ,1 9 7 5 1, ,. Chen

a~d .?i1l.lPll". 19~6. : L8.w a nd S t. t"ij~om:. .,i 9 71 1 \ W~n9 '· 1980) .

I n ad di tion.,. t h e lIxi s t e nce of l e c t i ns on le9um~ roots ~ not

s!iedli; haa o:m1)".~e~~ ~~iDon.tra.t.ed i n ¥' f our ' .pe'ci~ .lI t o 'da t ,e

(Law and Slrijdom, '1917 , f1ore jd . .!1& . • ,1'9 78 , Gateho·u8~ . . !

., ; ',

~--"""'~' ---. - -"-
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and Bou,lter," 1 geO : . 'K 1.j n'e ~ !.,{•• '1 ~80t.; Gad e "~ ~. , 1981 ) . ~'

Moreo~~r . the s uspected l~ctin bi n'ding il i tes o n-' th~

invol:~~~::t~::'~:i::9:::::{::~;:~~:~~:. ~;:' :::0~~.t
root " p.J;_epare ·t~e- ~hiZObi.a' ·-for, ; 7he ~Odul_ation pro~ell B .

Ege~aat 119~~ ~ : l~'Sb ) _c'lai-;;""a ~~:t th~'.'~o~in~ ~t ~min'o 'acid

:::::J::l:e:t;:::::":·:.::~~~: ::~:"~~~::d:::;:::~· " .
. 'Rhb Ob i um 'l e gUJdno u r um, but',riot !!eV'er~l '-othe r :s pec i e s' o f

::~:b:~:~ l~.:;~::::: , ;::;:r:::·~;:" ::':~~::(:::::n:':\"
l e9 u\llinourulll. ,otne.r . RhizO~iulb , 8peci u ~nd l;: 8C~Eirichia coli.

The Bl[ud'at,es f~om ~t~~/ ~nC~U~'in~ noll",:,i.g~m\,.B •. ::-

. , ~ ~>r.a~·~ :.~• •leq~~~~8~~~m~~~ ~~e.· ·otb~,< b.~_cte~'i_ ,a : ' 'On the ,' ; "-. ". : .

buls of thilil data, 'Qll.wOU ewllk a· and . Car lile (1 98 2 ) co nc.1ud ed

~~~~_ ;rheBe ~~~pateB ' ~~Ci ~it~,t~ " i~f~cd6n ~f/le9Ulllel but.

prOba~lY Plar nl? ~il;eee'·. ~Ql~ ' i~ ': ~e~ ~.ctlo'h o~. ~h'e appt;0p~iate .

,. "
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2 .5 . Nodule ' ,Morphogenesis and Histology

'. " , ':

bllcter1~m ~Ol" ncidu iat:iO~ . , ' Bhagwat.· and ThS:lIoas (1982) have

l
/

. J
1
I
I·

I'
. ",.,' , ": , ' - . . . . /

Le9.urn'e ,r oot n odu l e.s, de~810p _aftercelh of 1l.SUit.ll.ble /

~~~3~:f~f~~:?:~~~gt;'_·
, ' ,Of ~,o::: :~'~~:~:~:~~:e:~::m::~tiated'>_~Ol:1~~~'9" .

~ntern~~i~ll.~i:o~" ~f ,'t;h~ '~~izOblu~:'~ell:~ : : ~y ' a - pr~ce8 8; t ,hat 1s

.......:::;:2::~i::.!':::'?x~~~:::t:,~~:::~!.:~:::,:7.~{,:: t~..
'\ ~.ac;tedum to .t.~e "" p.l.~nt(.~r\lc!het•. :li ~'.~_) . ,.Th~1 meri:~tem

~r~u~.e8. tne. ' 9~ea.~~~ _e~a,r~e."' ..o_~ ~yp.~t;_t.~oPh.ied l ost c:t lls

"f~ic:l\ .~o~m ; th~ m4~ure r!~Ule . ~~i ~h i~ thehyprtroPh.i ~d

cells, ~~e .~i~hl Y: : ~i_~fe~ant~~t.e~ ~hiz:~ia, . Cjned ,ba c t e r o i d s •

.•' . re fo~nd.•.',. Th. e~.~. b~c~~r~idl\P~~d. ue. ~ th~ Biyms. nitr"",",,,

·.th1l.t.- ~~tatyz~~ · ~he nit roge-q ',:fJ.:r.aU'On rueron. : _ <

, : T!t~. :~ill:~~,~~y '" ~he 1Ila~.uJ:e legUldnre ' nOdu~e _ has been

". ~xtens;l.~~lY 4l;!8~ribe~ . by Dlln~e~:d • .U9 2l ,Bieber~orf ' .(l ~ ~8 ) ,

"'~-",.. ,,-" ."--<t' ",," ':
;.,

,,
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(1 977) and Newcomb (l 98l ) . The nod ul e cooll ists of ."f our

zone s o f t i s s ue d.i f fe re ntiatiOn " (Alleo an d Al len , 1954, p.

218 ) o r tis8ues whi ch i nclude , f r om outsid e to i ns ide, an
. ,

area of pa renchymatoue c e l ls (the nodul e co rte x ), wi th

e lements of t he va s c ulaf syste m inter spersed a s d i stinct

vascu~ar . bun dles . A mer i s1;.emat i cfe·gi on and a eo ne of

b~cte~oid-containing cells ( th~ b ac t e r oid eo n e ) a h o e xists

.~ " 'i n 'ma t ur e · ~odul" s . Develop i ng nodule s .may h a '; e a fifth Z?ne

prelut nt ( the r~ot- corte~ ). which c9na ist s of 15 t re tC=: hed a nd .

broken: ce lls t h a t a re sma l ler , tha~. t he 'nodu l e cor~ic~l

cel l s. ' Roo t cort i ca l ' c e l ls are de r ived from t he r oot

. meriste.'1\ While the o~her_ 'cel1s Whi7~ consti tute t h e nod ule

~e d,erived frora nodule meri stern.

. . ~~e .!!. .!! ' , ,.( 1 969.': s - 13) ~eSCribe,the yascu{~r
aystem ~f l egume no du les as being, Nspa rse ao~ .peripheral·

(in the corte x) and c~mpri8ed of va s c ular ~undle.e that

contai n an endodermis p l ue J:yl em and phloem . In mos t

bu ndle 8 thsJ:ylem -i ,1Ii! e J:ternal t o t b e ph loem ' ~lth~U9h in ,some '

nQdu ~s a the s j..t ua t i o n ~s r itvm:- s ~d . 'Oc~a8io'nally a n

l. addi~iona l en doderm is i~ p resent: in t h e d)r t ex i h a poilition '
. . " . " .

t.h at 19 e x~ernal to :t h,e regul a r endode,:mb (Allen an d ~llen ,

1954 ) .

The JPeristematic zone ill i nterna l to the .nodu l e corteJ:

a nd, ·in nodul es of P:swn, Tri f olium, Hedic ,..qo an d Vi cia ,

displ a ce d to' on e 8n4 o f ~e nd du l e . The mer htem produce'; '

vae c u'l ?-r plus cortic al cell a to t he ou t side' ~nd cella
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de stined f or the ,ba c t e r oi d · zone t o the i ne.i d e. In~.

Trifolium,~ , Med icago an') Vicla, t he nodul es a~e

elo ngate -cylind r ica l and ma tur e nod ul e s may branc!I l':1to t ....o

I!o r more l o b e s . In pl. a nts w,l t h -round nodules such as .

s oybean, Gl ycine!!!:!:£ . - t he meri st e m h f ou 'nd "i n p?Ck~'t. 1I

t h roug h o u t muc h of the nodule •

.The bacte roid~contllinin9 zone i nc l ud e s hypertrophied '

.cel l s t h a t are often til l ed wi th bacte ria . I n f e c ted cel Ie

"a r e proba b l y eites lIPf ni ~rogen fh:!'",ti on afnce t here i s ready · '

eceeee t o ~1trogenase ( f r om ,t he b acterial ,and. compOrten~. o f

a n itr og en a8 e protec tion s ys telll as ....e ll as ATP ( f rom t h e

plant). Un! nfected cells in t he ba c teroid ' ecne may play a

r ole in synthesls o f th.e: nitrogenou s co mpou nd s t h at a re

e xported from 't.~e nodule (Newc:omb an d · Tand on , 1981 ) . ~he

ba oteroid ac ne ca n ' be die tingui eh ed , f r om other tieeuesof

t h e nod ule in f r ee -ha n d, un fi xed se ctions because i t ha s a

.

r e dd i ; hu e . Th,: "col our is dUll . t~ the .p re ee nce o f arr:": pigment. ca lled legh emoglobin .

\ . '
2.6 Looalization ?f th~ Nod tl\ e Mer ie'tern

The nodule med,stem de t e r flli rie s the sh aPe , si z e ,and ,

lOngevity of no dules . 0 it is i mpOr t.ant t9 t.heir " deve ~opment"

and f\lnc~ ion·. The loc ation and ext.ent o f .t h e , meri e t em.

....ithin ~he nodule hee , by conventio~, be~n determined 80le'1y

from obll eryationa o f "l i gh t - and e"1 ectron-llicrog~aph8 (eg .
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~ Dart . 1977): theu ·data i ndica~e·thll.t meristfm ce l l s ~re
densely-stained and Imaller than a d j ace n t cortical c:;~ lls .

It .Le possible to delllOnstrate mer i s t emat i c activity in .

call.S,.?y experimental means using thymidine incorporat,iJ by -.

t he: i ns q l ub l e fract~on o f the nuc Leue 'UiI a .c r t terion of '

meris7emlltic ac t ivit y . Herisum "eel i s : a c t i ve l y synthesiz~. .
DNA . in S-phase of t h e Cell cY~l ~ and 'i n c o r w r ll t e thymidine

in the replicating· DNA. Thymidine incorporation can be

demonstrated by autoradi09-raphic procAduree with tritium­

l abelled th'ymidine (Jeneen . l~621 . Sites that, incorpo~ate

tritia~ed thymidine are indi.ca,:,ed by dense deposits o.!

silver grains. .

i .7 RhizobiulUTaxonomy and , Bio lOgy
2.7 ,1 General-

The f amlly Rhizobiaceae. as re,co gnized i n,~

Manual £!: De'terminative ,Bac t e rio l o9Y (1~i4), includes 6

• speCi?s of Rhizobium ll~d 4 species of Aqrobacterium.

Members of t he Rhizobiacea are ae robic , G~all\-neg.ative. non

spore-fanning, motile b adll.i.

ThEIl Rhizobium bacteria are named f o r thei r abi lity to
. ----- - ' I '

inv:?-, roots o~ ' legUllle plante a~ ca~uorganiz.d, )

non-p.athological cortical hypertrophiea (nodules) to form 1

!.!:!.!.!! .~r.ek\noun mean ing ' a root' J . .b~~. G.n . meaning

' l ife " hence Rhizobium, '.tbat wblch livee in a r oot ' (Jordan

and Allen , 1974) .
, .
Speciea of Agrobacterium cauae
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d1sorg<\2.ized, pa t h oge ni c gr owths c alled galle i n mor e th an

40 families of p l a nts .

Th e current c las s ificat ion of t he qenue Rhi zob ium is

g eneral ly cons i d e r ed Mt enta t i ve M (Jord an and Al. l en, .1974 )

b eca u se it" r e l i e s heavi l y ,on ' a ch a r acte r ,wi t h di spute d

t a xonomic v a l ue ; t he a bility to for~ root nodo-lea on. .
le~um~s. T~~ legumsa that a partic~1ar Rhh ob,iu,," s t r a in

wi ll nod ula te are ' us ua l l y, b u t: no t a lways , clo a e l y r ela ted.

Ue'e o f "t h i s Cha r a c t e r t o cla ssify o r i de ntify r h izObia is

proble~ti c becau s e. s?me _s tra ins are ' pr~iscuous ' , a nd can

nod ulate more t h a n one group of leg~mes . Al so . th e ability

t o nOdulate a spec~fic h os t can be l os t 'o r reduced it;.

strains <a~e cultured fo r ex tende d periOd~ . so h ost nodulation

a bt.l ity is" not a s t abl e Cha.~ter . -MOre ~omprehenll ive

accoun t s p f the ' t~e Rhizobium t.excncray are provid~ b y

J or dan a~d Allen (19 74) . ,Gr ah am (1976), Vin~ent (197'7 ) ~nd /

Elk an •(1981 ). . ' I.
Moat rhizobia can be cat"egori z ed into one o f t wo -gro~ps

, . .
t hat b a ve f airly -b r oad boundarie s . The fi rst i 'ncludes t he

•slow-gr oWing' rhizobia (gen erat i o n 'tirne ' a ppro x i mat e l y

6-8 ' h) which prefer pentase c a r bon sources , fo r m small

~ colonie8 (·or < 1 nun dia . ) and do no t pro duce acid on ye~at

el(tra~t-mannitol.-ra.inera l l al te (YEH) med i a a f te r 5-:-7 days

(Vi ncent , 19 77 ) ". u sua l ly :t h e bacteria are isola ted from

trop ica l l eg umes o r tr~pical soil. and di.play po lar or

.ub~l~r flagella . , The sJcond~ group i n g include . '

, . .
--- ".---:-- - --;--- - -."'-. -'-'"'-'- ' !IIi"
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the' f aet.-growera ' (gene r at.io n time ap pr oxim at.ely 2-4 h )

whi ch c an us s a wi de variety o f .ca r bon Bource ~,. 'a nd produc e

l ar ge cotonf ee 2-4 IIDD d~a .) a ft er 3-5 daye on YEMmedia .

Fast.-growe rs a r e Cha:act. e r i s t. ic of t.~mperat.e legumee and

t.emperate s oi l e and po.see, .2- 6 peritrichoue flagel l a. , The

slow-growing gr oup , 'wit.h t.he major hoete ' indi~ated

p are nthetically, inclu..~es E. japoniC\1m (soybean) and E .

. l upini ·( l up i n ) . ~he fast-growing group , includes ! .

le9\minosarUIll' {pea , l entil a nd V~t.Ch)",!. phaaeoli , {be an l • .

R. t r i fo li (clover ) and R. meli10ti ' ( eweet ,c l o ve r ; a lfa l fa--- . ---- ..
.and .f enugreek ) (J ord an and Allen . 1974 ) . Not. a li rhbo'bla. .

• confo~m , to this co~ve':lient d i ch otom y of f ast .o r s i ow growth

rate. a, evidenced by the rh izobia f rom~ nodules Whi~h,

J!'lt.y be either fast, gr~e~e o r , low growers .(Vi~c~nt, 1977 ) .

x ce ecv e s , 9'Bneretion time ve1ues are ,not .d i agnos t.i c

cha_racters of Rhizobium species since tremendou~ variat.ions

c an ee-eeeeeve e between 8tra~n8 of a oingle :opeci.ee. Far

ex ample, t.he gene rat. i on t i meB o f . R• . i llpOn i cum v a r y frolll 3

. ·.~o .r!O h (E1kan, ' 1971 ') ' ~J;' 2 .9 .. to . l;.O·' h ~ '(K"yser~' !.!.:, \
- - ... . . ." , .

~9B2 ).

2.7.2 . c.arbohYd.,.te v:~ \, . • ' . . .

,,":', ' Fa et.- and '~1:-9:~~~n'9JrhizObia dllp lay large ' . .
I . :...-- . \ . '.

d i ffe r en cea ' ~n t h e nUl'll~r , and ki~,d .o f ca! b ohyd r a t u t~at \,

they c a n UBe (Vincent, 19 77 ) s~ t 'eate of carboh~r4te use
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....ere begun t.o a id in t he cha rac te ri zation o f a Rhizobium

isolate from Vi c i a~.

The e ffect o f carbon s ource on tota l growth o f the

bacterium ....all also studied•.___­

.i>:
2 .7 .3 Nitrogenase AC,t i v i t y

Rhizobia .9-0 n'ot norrna~,ly fix nitrogen unl~1I1l t hey ,a r e _

....ith.in theiegume nOdul e ' and have ' und",r~one t he ,t r e lllendoull . (

morp h o logica l and met abolic ch an ges ,t ha t are required. of

functioni~g ~n~OSymb~otlc\ .rhl ZOb1a ., The transformed

r hizobia are re ferr ed t ei a~ " bacte~oids' : mor e c ompl e t e

aCco~l)t. of t,hei'r , b~Ol~yai~ given ,by JO~dan (19 62) \ and '

Bergersen ~ 197,~) .
, , - . -' , \

Free -l ivi ng rhizobia aee capab l .e of nitroq e n ,. fixat ion

if cUl~ured ~ncler the appropriate conditions (Pagan es, .ill. ,

197 5 l Kur z and t.e ac e, 19 75; Mct:omb fi 21. , 197 5 : Keist er ,

1975: Bedn a raky a nd Repo.,rter;~ 19 78 ; Manha rt a nd Won g ,

197 9': Sko t nicki n -..!l.. . 1979 1 'Egeraat and Ti mmer pans ,

~ 1 980 ) , Induc t i on . of N' ase ac t i v i t y , in f r ee- ,l iving cu l tures

demons trat e s ~hat t.he g en es f or. ni t r og en .Jixation ('ill ')

r es i de in the ba cterial ge nome an d that.:::"::~ n(~llY

cepre eeed i n the free- l i ying ' state . .

Induct'ion of N'ase 'a c t i v i t y (!..!.·• • ·'de - r e pr e s e i ori o f 't he. . ' . .
ill genes ) - also prov id e s a model wit.h~ich the p~~si010g:y _

and bi~~hemist.ry o f th e e ndollytnbioti7~ s t.a t.e can be
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s tudied . For example', the iden tity o f ~he. mol~culea-~'at
on 'B.PP1; Bd to I.h B h acta,0 1•• by 't h B plant la u nkno wn an d

the subject of aOlne recent 8pecul~tion (Be rg-ers'en . 1977 :

Trin chant • .!1c !.!.• • 1961). To provide lome insight on t he ~

e f fe ct o f carbon so urce on n i t r og e na " e a ct i vity , fr e e -:living

oultu res of S' ep . VC 2 were "gr own on vari ous carbon

sour ces and~N~ase act ivity was me a s ur ed. App reci ab l e
\

differen ces i n nitrO<Jenase "~ct ivity due t o" ca rbon so u r c e

have b~en r eported ,i n ' fr ee ...l i ving , . s l ow- g r owi ng r h i.?;.ob ia

(Kur z an d LaRue, 197 5 ) , in fas t - g r aving antibio tic-re a ilta nt

mut a n ts (S kotnick! .!!! !!.!., 1979) and in ba c t eroid

s uspen siona from pea and oth'e r legumee (Trl nchant ~ ~• •

1981 ) .

2 ~ 7 .4 "Tempe r a t.u r e and pH Effects on Gr owth \

\ . . ~
Th e inf~", tempe r a tu r e on lih i zobial gr~th and

rhizobial growt h mech ani s'll- a r e not well ·known . Opt imal

rh~ZObit(9!~h g enerally oc c ur s . in the , r an ge of 20-28 C

but fa s t ";g rowl ng r h izob ia ca n grav a t 4 C an d Rhizob ium

legumno sar um is t Ole rant of ma:dmal tempe r at ur e s ran,;,lng

fr om 31 C or highe r (Vincent , 197 7 ) .

The co mbi ne i'l r e Bult.e of s ome p r eliminary . e xperiment a

s ugge s t ed t hat s.. lip . VC 2 gre w f a s ter at 30 C t ha n at

20 C b ut f i nal c el l de naity wa ll greatar a t t he l ave r

"t emp e ( a t ur e th a n a t ~he hi9~er on~ . Si nce th is no vel

-,---------f'-- --~--. - -~-~--
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---­temperatur e -depend ant growth response has ecological

ill\~licll.tions re~arding s tra tegies fo r soil colonization llnd

plant nodu l a tion , stUdies wer e b egun t o confirm. the

p r el ill\ina,ry re eu~

St udie s o f the e ffe.c t of pH o n growth :",er e a l s o begun

to unde~stand op t. i mal g r0w:t-h conditions .

(

i
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MATERIALS a nd METHODS

Col l ect ion o f Plant ·Sp ecimens

Seed s and r oo t no dul es o f y . ~ were COllected on

or near t he St . John 's c a mpu s of Memori al Universi ty o f

Newfoundland , Newfou~dland. Ca na d a . Se e d s were .col l e ,f t ed "

f rom field-col l ected y . c racca p l a nt e then c l e a ned o f ,

ex t r a neo u s material and" s tor"e'd in 125 ml gias s flasks a t

4 C . All s p ecime n s were t y p ica l repre aelltatives .of the. . 't

Nod ules used toillulilt~ate e xt ernal nod u le morpho l og y

,.
Loc aliza t i on o f t h e" Nodu.l e Mer ietem

The no du l a ted root syetem from a n enti re, y . cra c c a

p l ant vas "~ll rel~y up r ooted , va s'hed .f:. n d i s t i!l e d wa~er the~

incu~ted for I h a t 18 C with tritiated thYl1l~dine , (N e....
. '....-'

England Nuclear cc , ) i n Sorenson's phosphate buffer a t · pH

1. 2. The initial specific activity of the trithted

thyn;idine was 10 4 . 0 'mci / lI1lI\o l e, an~ the c oncentr a t i <?q, o f the
. \

r adiolabel wa s 0. 0 1 mCi /m l . " •

NOdul~a ~ere' fix~d i n FAA. dehydrated i n a n . '

.'
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ethanol-tertiary butyl alcohol series then embedded in

paraffin (Jensen, 1962). Sections made on a rotary

microtome .....ere de-paraffinized and prepared for liquid

emulsion autoradiography by immersion in Kodak NTB-2

autoradiographic emulsion. After 7 days exposure at 4 C the

sections .....ere developed in Kodak D-19 Developer and fixed

for 6 min. in Kodak FS Fixer. The fixed sections were then

washed 20 min. in running tap water, allo.....ed to dry and

observed. The autoradiographed sections were photographed

using a zeiss Photomicroscope.

The FAA fixative contained 5 ml of commercial formalin,

5 ml of glacial acetic acid plus 90 ml of 50% ethanol

(Jensen, 1962). Sorenson 's phosphate buffer (pH 7.2) is

made by adding 70 ml of solution A (7.1 g of Na
2HP04

in 500

ml H20) .....ith 30 mL of solution B (6.8 9 KH2po4in 500 ml of

Hpl .

Assay for Nitrogenase Activity

Nitrogenase activity was assayed by the

acetylene-reduction method of Hardy ~~. (1968) which

the rate that acetylene (C2H2) is reduced to

ethylene (C
2H4).

Nodulated roots of Vicia~ were

collected from uncultivated plants and from cultivated V .

~ nodules. Vincent's (1970) method was used to produce

~ . ~ nodules .!..!! vitro. Seeds were surface sterilized
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(this procedure described in •Seed Germination I ) . ino c u l a t e d

with a Rhi zobium isolate from~. ~ nodules (described

in 'Sources of Bacteria and Method of Collection') , a nd q r'own

in sterile flats containing steri le Vermiculite.

Nitrogenase activity was assayed 26 days after inoculation

....ith the bacterium .

Nodulated root sections were i ncubated in ' Va c uta i n e r '

glass serum tub e s (13 rot capac i ty: Becton , Dickerson and

co , , Mississauga , Ontario) whi le bacterial cultures we r e

incubated i n 1 /4 g lass Bi jou bottles ( 6 . B ml c apacity ;

Johns Scien ti f ic Co .• To r o n t o , Ontario). Roots were

incubated at 2 4 C fo r 2 h wh ile bacteria we r e incubated at

30 C for 4 h. The incubation gas mixture consisted of 0 .1

atm . acetylene and 0 .9 atm. air.

One (1 .0) ml volumes of the gas mixture were

chromeeoqraphed on a prev iously described system (Boyle and

Patriquin. 1980 ) that consisted o f a model GC 9 700 ' Ba s i c '

gas chromatograph (Carle Instruments , Anaheim. cal ifornia)

wi t h a • Por opak T' column and a flame ionization detector.

The detector gave output to an ' Omn i s c r i b e ' recorder model B

5 118 f rom Ho u ston I n s t rume n t s o f Austin. Texas. Co l umn

temperatu r e wa s 50 C and the ca rrier gas flow rate wa s 20

rol/min . Helium , hydrogen and medical air we re o f the

h ighest grades obtainable from the Canadian Liquid Air

Company , St . John 's , Newfound land. Acetylene was generated

by reacting calcium carbide with distilled water . Gases
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were held in glass serum tubes and transferred with

gas-tight syringes (Hamilton co , , Reno, Nevada) after

extensive flushing with the appropriate gases .

Ethylene peak heights were measured directly from the

paper recorder and compared to a standard curve which

related the peak heights to known molar quantities of

ethylene gas. A sample calculation is given in Appendix

F (b).

Isolation and FITC-Labelling of y.~ Lectin

Lectin from y . cracca seed was isolated by a

modification of Ruediger's (1977) technique. Ten 9 of

cleaned seed were ground to a fine powder by mortar and

pestle and extracted with a 0.05 M Tria/Hel buffer at pH

8.0. The seed slurry was acidified to pH 5.0 and

centrifuged for 30 min. at approximately 27,000g. The

supernatant was saved and brought to pH B.O with 1 N NaOH

then dialysed extensively against the extraction buffer.

An affinity chromatography column was prepared using a

modified 10 ml glass pipette tube (7 x 1 cm) . Slurried

column material was swollen , poured into the column and

equilibrated with the extraction buffer. The column

material ( 'Selectin 5' from the Pierce Chemical Co. of

Rockford, Ill . USA) consisted of an

N-acetyl-D-galactosamine ligand bound to a matrix of
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1

I,

ths .£8- 1 at pH a .o-eesce pH Ei,O,

The . r,e-Chroma:09raPh~d ma~rial alsoprodUCe~\ an .

ab8or ption peak at 280 nm 8~ the high-absorption ~ra.et~n8

were aga i n' pe~led. ~iY8ed eJ:tensivei~ against ~iatil~ed

water ' and t~en,>J.~oPhil.il:ed 'lind 8tored at 4 ct . \. ~

" " p~QCe~ur;\to c:o~~j~g~te fluoretll:ent isothiOeyanat~ > , '

~FITC) t0l:e<l~e.ctln and ""?"?" r e,a c t it W:~h .

Rhill:o~ium .t r a i na, f.Ol~~d t he' ,proto,col 8et out by 'ohool .

- .:nd · Sc hllli t (1 ,974 )', ' , This .p t oced ur 'e i.nvcil~ei . diasolvlnq the

l y oph ilhate i n aaline t o tlUl.1t'- a 1 , ItOlut ion th~~ addin~ 4

, ml of O,1 H. 8od~um ph o !'phate bU~fer _(PH ''1 , 0 l t o, 10 , ml O.f t h is

The , dia lysed .p r oduc t was applied . t,o ' t h e co lumn and ;

: flu~h~d with so .m.l of a .-high i on i c ~treh9th buffer, EB- l . a t

pH- B·. ~ . <, ~,O ' e,+ut e th~. >eC~in : a" continuously.- decreasing pH

gra~i~nt. was dev~loped li;Y mix,i ng t h e fi~~i:. buffer (EB-l)

Wtth ~n~tl~'e/ high i~ni'Q, '&t~engt~ buifer~-2) a~ PH· ·3 . 0~

~~~e :.~.~ua~~·- ';'a~- .CO~le~4!r'., in ,1 " . V0 1UID8S and ,'the lI.bl·O_.'. b ll.nce

a t 280 .mn Wila ,r ead on ,dollPl!;' be am epectrophotomey'r ,- •

(:s~~ma~zu : '~eis~~8~: ~~d ~!BaU".Ch an d , LOmb,m~~l;{p~c:~on:G . ..-.:.
. ,21 0 UV') . !>ucce as ive palrs of 1 nu.fractions :J~;e combined

i • and".pH Waril "~On.it.O~d· on a Fi~her 'Modei 7.' PH-lIIe~e~ . "(

An -abs orpti on: pea~ wa~ ' ~oted and the - fractions -wh i ch

con.ti~uted , it wer~ ?Ool~ed. ~!:ou~t t~; pH 8 , 11 ~nd re':~p~~ied
to the col W1l~, ~ The 280 ruD-ab~orbing. material was , e~uted

. , w~th anot~&r c bntinU:0u8 'pH " gt"a~ient, that 'Was de';eloped u~ing

. ';,

." ~

(
\

--. ~.---. -,-_.-. -
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salud an • .4 ml of O'.IM sodi um phosphate buffe r ( pH 8.0 )

containit::lg- 5 mg of f l uo re sce nt iaoth iocyanate ( homer i i
. 1 . . . :

. sr i ~h~ D.ru9 Housel '1as adde d . The ~xture Wll S, ~aj u l;l.t.ed -ec

pH. ~ . O.. ' mert~i?late was ~dded t o make a co~centr at ion equ al

to (l mg!lOL) an d t he . mixture allowed to r eact for. 24 h •. .

Unb o und dy~ wa8 re,~OYed -by d i alysi s agai nst

; ~ ":'hoBPha~,e'-but'fere·d sal1n~ ( O. 0 2 Maodiu~ ph08pha~e: pH 7.2 ) •

until t p e d i a l Ylla t e .wa s· c o mpletely 'co l o ur l e s s . The.. ', . ' . .
~~~c;"~ectin conjug~t_e WaB, dispensed, i~h 1. "lUI ali.quottl an d

stor 'ed ~t ,- i Ii c.

The ' l ec t i n e x t r a c t i on b uf fer included "7.90 9 of 'Tria '

C . ~ · 2- amino-i ihYdroxy-m~thYl)propane:ll 3-d 101 ] uci ,and

0. 20' 9 'of 8odi~ azid e :in .;ooo JD l - ~f water ," .The pH ·was,

ad j ustod t o 8 .0 ~ .

Tho fHe't o~ed 1e~~in elut~on , b~ffor (&8- 1) con s i s ted

, )"Of 3.03 .9 o f : ~ ~ia '.' 1. 70 9 o f , illlidll. Z~le: 1~6 .88 9 NaCl a nd

'/ 1000 ~1 H20 J ' 'Tb e-:pH of :t h i s buff~r wall. 8 .0 except where

~ noted . The eeccnd , e luti on b u ffe r (ES::'2), ' consisted 'o f 1.44 9

o f 91a.cj.a1 acet ic ~cid . 1.06 1111 ,0£ 901 f ormic 'a ci d , 116 .88 9

NaC1 an d 9~7;5 ' m{ ~f H20 . Th e pH of t h is bu f 'fe r 'wa s

ad justed to 3.0 . ...

Soaium phosphate buf£e,r wllB. 'used at .3 pH , values a nd

mad e by adding dlffer~nt amounts ' of ao l u t i on ,A (27.8 -"9

lQono8o~i~ Phos~hll,te i n :10 0 0 ml H20~ t o 8o~ut~in-" 'B ( 5~. 6 5 g

Na-2HP04 . 7H
2

0 or " H. 7 13' Na.2Hro C12H20 I n l~Og .ml H20). ' For ,

,o'uti~no ., pH t ....~l of A .~nd . ,., of B. won .mix. d ,

.-- - -.- - -'- - ..._._-.----',_._ - - - -

I.,
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for p H"S . O. 5 .3 1Il1 o f,. ....ere added to 9 4 .7 ml ,of B:. f or PH \

7 . 2 , 28 ml of A a nd 1 2 ml of B were ' us e d. , In t he l a st '"

b uf f er t h e 801~ti~n '<Ia.8 diluted ~en t imes t o ob t dn a

working Boluti on at O. 0 2M•

See d Germinati on

Seeds o f y.

several metho ds I

1 ) a b r i e f d ip

~, were BurfaC8-8ter~liz8d . by on~ o f >

i n e t h a no} then II. 10 - 20 minute

immersion i n ei t h e r a ql d i c "mer ouric Chlori4,e , "

Hq~12 ' o r ,i n 5 .3-6 . 0% (·commerch. l strength)

sod i um hy pochlorite , NaOCl,.

2) a bri&~ ' dip 1n ethan ol t~en e ither a 10 , 20 ,

o r 30 mi nu t e exposure. ~o c oncentrated

hydroch l ori c a c i d' , HCl r , ' o r · II. "20 ' or 30

mi nut e exposure to concentrat ed , sulfuri c

Seed e wars ....,,"ahed extensively i n. dis t illed water -and.. '
germlna1;.ed in Petri, dishes cd n tain i ng ....ater-fIlOiaten ed filt e r

pa~er • . The petri ' - ' diehe~ were hel~ in ~a rk~es s a t room

temperature. for one week . ~~OU.9hout :he proced ure , ster'~e
materials we~e used and a~ePtic condit-ions w~ re maintained.

Th e ' ' pe r c e nt a q e ge rmination ~ _ va lues we re c a l c u l a ted a s

-f ollows 1

I
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"',. I .
Number of seed s tha t yroduced a ~adicle (xlOO) '

I Tota l numbe r if :;eeds

/

So urces of Bac teria an d Method of Col lecti0J:l

. ~'strain ~'~iumwai/ isol ~te~ h om _nO~ule8' of

~ul tivated y. cracca by , Vlnce~,t 's . (19 701 : metho Q.: ',The ,"
i so late _1,5 re ferred to as I Rhi zo bium sp , ' VC 2 " throughou t .

. t he, r e mainder of 'the "thes~~ . A second RhizO~ium _isOla ~~
wa s ob~ined f"J"om nodu l e s produced !.!!..vit ro by inoculation

o f ste r ile Vi cla~ s eedH""gs wi th a .pure.. cul ture of

Rhizobi um sp , VC 2. The se~ond ,isolate i s refe r r e d t o -as

,..lJRhizob l UJII sp ,' VC 2 re-i sol~te' .

TO su rface -ste ri li ze nodules for isolation o f bacteria,
. .

t h e nodul es we r e di pped briefly in 9 5 ~ ' e t hanol, i mmers e d in

a cidi c mer cu ric ch loride {H'i!CI 21 '-and .~ashed extensive ly i n,

sterile distilled water . The .n"odu l e s wer e c~ushed i n a ,

s terile t.i s s ue -~o~ni zer with ~ ~ 'o f ste r ile distilled

water: and t he s4~y wa s dil,uted 100 times with s't e r '!"l iit

di stille d wate r. The li~ui"d wa s pla t ed ::>n YEM medi um !

(Vincent~, 1970 ), g~~ .~t ' 29 C ~or ~- 5. ¥-ay s a~d s i ng le

col oni e s were isolated • •' " \ •

Dr. J . Burton o f , the Nitragin eo :npan y of "Mad ison ,

...~'-~-----'-----'-
,L



ROCkville,' Maryla{ld.

- 33 -

;,Wi s cons i n kindly pro~ded t'he followi ng mater i a l I E.

1.e 9Uminosar ulll l 28C56 and 9 78 3 , s-~ 103 28 ; s-.
p'haaeoli l 37K14 1 ! .. j apon icum 61A76 an d 61A89 ; ! • . lupini

a nd!. ap - '12 71':15. Dr . ' Lu ci e n Bordeleau o f Agri c ul ture

~antda { S~e- FOY, Que b e c'> su p plied"\. i a ponicum J·C- 7 . ~e

b a c t eri a. S t r ep t oc occu s faec a l is , _Staphylococcus~

UWO-231 a nd ' Eec 'heric'hi a ~ E1l77 5 a r e ' from the Ba c teHa1. .
Col lec t<i o n o f t h e Biology De partment , M . U. N .~ a 'nd wert!

obtaine d . from .t 'he Americ a n Typ e.c u ltur e cer t eee r e » i n

,
Sin g l e co loni e s of ee eu 8tra~n were used to i noculate

vEM broth and thes e were lyoph.ilh,ed in either 7.5% glucos e

', ( i n ' 50 t hOrll e ,s erum) ' o r i n YEM b r oth. The lyophil il: ed

cu l tures we re a t o r ed at 4 C a nd new"culture e were

per iodic~ llY etart'~d to e ns u r e that' 7ultures frO!ll .succes 8i~e

s ltpe rime nt s were not ap preciab ,lY dlff~rent from on e another ',
.. .

Elec t ro n Mi croscopy '.
_ A l~g-p~alile c ulture ~ :! . sp VC 2 was 'c.~tri fUged a nd ~

-' r e-auspended in ~terile. distilled water ,t h EIR ~ixed i n an

equal vo t ue e o,t fCarnovskY 'S (1965) fixat'i~e . Ka.rno)'sky 's

".,Hve 'v.. _d"b;~d~in9 ., 9 p';'for':""dehYd~ to 25 ., Of·/ .:.'. :.
water and h eating the solution t o 60 -:70 C. Thre'a dr ops Qf "
' ... .

l N NaOH were added a nd the mixture was a l lowed to' c oo l to' ~ ,. . .
, room , t emperature . Five ml of 50' glutaraldehyde wae added

. . ---- ---. -.~ -. -_._. ---'----

I

. \
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and the tqta l vol~e, !Ude up to 50 IIl1 ....i th .t h e a ddition o f

So renson 'lI bu ffe r at pH 7 . 2 .

~he bacte r ill l lIullpenllion wa ll dried on copper qr i d s (200

mellh) that we r e pr_c:pated ....ith ForJaY~r a nd ca rbon •

.Obs ervations were made u. i nq a Zeilill £14-9 t ranllmi •• i o n

e lect ron micrOllcope ,

/ '

/ .//

" One ;lOO~fU l o f YEM- p lat ed cu lture .....a. t ransferr:d-ont o ....

a c ; ea ned q 1&.. • Hd.Q'~d reacted ~itl~ ; '-2 drop.s' o ~, 31 / '

hydr~~ peroxide (.Bl air .!! .!!' , 19 70) , P~~iti';-e re~Ult8

....e r e r e c or de d when qas bubb l es f o rmed a nd .n89at ive resul t s

. ...... v ere e eee ee e e whe~ qas ,b ub b le8_.d i d Dot fo[lm. ".Th e . poaitive ,

cont ro ls wer e s~aphyloeoccu• ..!.!!!.!.!:!.! !lnd~ .£2!!

'. ....~ile t h e negative c:cll;trol ':'u si. reptocoecu8 f a e caHs .,

t • . A l ~t~u.. . .; i l )t b roth (~BL Lit.mu~ Milk ' Bec~on ,
Dicke ns"n and Co,;', Coc )teyavil la , Maryl a nd ) wa a prepared ,

/

. . ~lat~ a~d ;hen ;'bserv~afte r ~ 4. daY _. Cu l tur es with a

• \ d istinctly c l ear fl u i d wer e . eaid to have formed , a ' s e rUll'l

. " , ' " . :t; o~e" ~ The po~ i'tive contr ol _s . ~h~~Obiulll ' l e gumi nos a r um an d

. , t he ne g a t i ve . cont rol was! , 1aponieum. .

The Gram atain wae .do ne accordinq t o . Bl ai r ~.!!' ,

(19 70 I . . You ng (i-2 dlly old ). _YEM-grown : c~ltur.1I were

air -dried and h eat":' fhe~. ,~,~ cle'an g Ian elidell ' The se were

,'s tain~d wi t h Hucke r'. cry~·t.a l Vio l e t ~or 1 lIi nu te , rirised
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with tap wa t e r and s t a ined with iodi ne fo r 1 minute . The

smears were then rins ed with t ap w~ter . r icce ee wi th 95\

etha nol, lI~ained with Sa f r a nin-o fo r 0.5 minute s and rin~ed

wi t h tap ~~.a.ter ,.o.b s e r va t i ons were made , on a . ligh t

micr o ecop,; , The poaiti-"e _ , ~ontrol w~s St r e ptoc occus fascal ie

a nd t h e ne9.ati.~e con trol was Es che rich i a co li ~

Meas ur ement o f Bacter i al Growth

Bacterial gr Owtb rates can be ~e~8ur~bY c alcu lation
, "

o f t he ge nera tion time ' (G) whicb ind ica t es t h e ,time requi:ed

for a ' d ou bl i ng o f t h e bacter ia l ~umber ' Q V U 4t h e ' lOgar~thlll'i c

o r ex ponenti a l phase Of . growth . Th e optica l de~~ity o,~

bacterial cu l t ure s is di ~ectly proport~ona~ t o the ce~ l

number at l ow ce l l , dens i t i e s o r when t he appropriate

corrections are "made (Lawren ce a nd Maie r , J.9 7~ ) ". ·

times were calcu iated :"s f o llOws :

Gen era t i on

where I
G
T
'09 2
0 0- 2

0 0- 1 "

( log 00-2) - (log 00-1)

'" t h e generation t ime (hou r s)
'" t i me 2 - time 1
• l og (base l Q) of 2 .. 0.301
• opti cd dendty o f the bacted al .

c ultur e a t t.ime 2

.. oP~~l~~r~e~~i~rm~f1th~ ba c te..rial

(Gow, J .A . , 1973 , Ph.D . TbesiD 1 "McGi ll univer~itY1 "Mont r ea l )"'.
._ - -~~- ~----------
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Bacterial Growth M~a .J
'-4./.

Most of the media descr ibed belo~re

autoclaved but heat-labU, compound~eJ' filte,r­

sterilized ,with ' Na l gene' f ilte ring de vices (po r e she =

0. 45 micrometers) . Ba tches o f media t ha t contained

f i lter-sterilized compo u.nds.· were l e ft ,uninoculated ,

ove rnight o r longe r , t o detect mic robial contamlnatio~

T~e. bacteri~ l - growth medi,~ ~sed i 'YiS th~s i s in~lUded:""

<'II) "(east Extrtl.ct -Mann itol (YEM) Medium (Vincent , 1970) :

K
2HP

0
4

0 .5 9

MgS0
4,

7H
2

0 0.2g

. NaCI 0. 1 9

mannitol lO. ~ 9

yea s t extract ' ~ 0 . 4 9

H20 1000 . mi

T)J.e pH was a djusted to .7.0. When a solid med i um ~a s

r e quire d 15 -g of agar' (Dif?o) w';"s added. In studies of

ce r bob ydr e te us e. glucose a~d xy~ose ~eresubstitute¢l

for manni tot ,

,

.~:



- 31 -

b} Defined Medium l~hart and Wong. 1979 h :

K2HP04 0 . 76 9' a.
~ .

'\
KH2P0 4 1.00 9

1Ol0, e.eo q

""SO, 0 . 1 8 q

,9a5O4 ' 2H2O 0. 13 ,q

mannitol , 3 . 00 q

arab i no se , .oil q

H]B0 3
1.45 mq

CUS0 4·7H 2O 0 . 05 .llIq 'c '
MnC12 · 4H2O 0. 0 4 IIIq J >-
znso4 • 7H2,? 1. 0 8 IIIq , 5
Na2K00 4 · 2H2O 2 .50 11.9

.COC1i · 6B20 0 . 1.0 ."!J

FeClr 6B2O 4.00 IIl'i'

.Na 2EDTA. 2H2O 5. 50 11.9

riboflavin 0 . 10 IDl)

p-udnobenzoie acid 0 . 10 Ja9

~ieotinic a'cid 0 . 10 IIl9

bi oti n 0.12 1119

thiallline HCl . 0'. 40 IIl9'

pyr i do xi ne Bel 0,. 10 Ifl(] 4
.c a pa n tothen.ate ' .0 . 50 mq

i nosi tol 0.50mq

cya nocoba1Wl1 0 .10 mq

",0 10'00 . ., t - Y

. The pH.'bf · t he ~edium wa-~ ~dj U stSd to 7. o . :

\
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, (Kut, An'd LaR ue ,"9) LNBS Medi~ for 'Nitrogen ase I nd uc tion

1975 ) 1

I
'\

1.00 9

o ~ 5 0 9

0 .2 5 9

0 .15 9

0 . 15 9

20 . <00 '9

28 . 00 m9

ioo.oo m9 .
10 . 00 mq

10 . 00 11\9

3 .00 m9

2 .0 0 m9

1.00 m9

1 .00 m9

0 .2 5 m9

0 . 78 m'1

0 .025 m9

0. 025 m9

1000 . rol

pyridoxine HCl

Na 2Mo°4 · 2H20
HI

COC12 06H
20

Cu9t4
H 20

KNO,

,( NH4) 25 °4

, M9~O4 " 7H20

NA~H20
cecr °.2 20
suer se · , .

ferric EDTA

my~nosi to~

Mn~!~ ,
thiamine Hel

· 1:I3B0 3 '

ZnS04 · 7H20
n i cotini c acid

\
Th~ p"of t he me~ium was ad j u s t ed to 5 . 5 a nd 12 9

' ?

of agar was add e d • .Fe~fic EDTA was ' sUbs.tituted for

" ,-Fe -(a s Se q ue str e ne 330 ) - (Kurz a nd LaRue , 19 75, p . 4 08)

s ince ' the l a t t e r was not available . . 'Sequestrene ~ is - the

t etra sod ium sai t .of ED'l'A (!h!. Merc k I ndex 9 th~.

The Mer ck co •• Rah way, New, Yo~k) .

i \:,



/

'\

.. t.

- 39 -

Cll rbohydrat e Uae

Carbohydra~e us e i n !. . YC 2 and!. l egumtnosuum

12896 was studied by a S ~ i9ht modi f ication of Vincen t ' 8

(l 974--rne t hOd . Te s t t ub e s co n t a i n i n g 5 .0 ml 0 \ ye as t

extra'ct~m"ineral s:lts sOlut~on (Vi nc e nt, 1970 ) wit h vari ous

c llrbohydrlltes subs t:i t u; ed at a -conc e n·t.u t i a n of 1% (w/ v),

'\8r8 i noculated wi:th 0 •.10 ml..!!.\ol\pen,:"ionl ( 0 .0 40 ; .D:U. ) of

t he i noc ul a': The inodul~ ha d bee~ streak..d on ¥E Mplates ,

. grO\lfli fo r 7 days a t 30 C .t hen " sU8pend~ in' disti l l ed ' wa ter .

The c a r 1)ohy<1 ra'tE!'s Included~ ' a r abi no s e, dUl~itOl . f ruct-ose .

9,;,la ct ose, giucose . llIa l tes'e , manni~Ol. r~ ffinose ' ''r~amn?8 e " .
su crose , t.r eh a lo e 8 and xylose. Uninocul a t e d med i a were ah o

~sed t o demo~e trat e t he Bt8~ility of m~dia . Af t e r 10 d ays

'a t 2~ C the presence or , abllen,c €'! of turbidi t~ was noted " .

Ci t rate uee w'; s stud ied in t.he s ame manner bu t in .an "

ind ependent exp~rime~t . C,it r a te aee ....011,alao stud ied using _j
te a t tube s l a nts o f Simmon ' s Citrate Agar ( D~fco ce . } ,'

Cult ur es were observed afte r 10 da y s grOwth at(29 C,

The : f ttc t Of ' mannitch. ~l.uc;se or xy lose op. t otal

g rowth of E. ep , VC'"2 was , also s~udied using,' yeast

e xtraet-mineral sa'HI aolution (Vi nc e n t , 19.70 ) wit h either

~nnit.o l ,- 9 1~~~8e. dr XYlo8e~re8ent a t : concent.ration of ,

'U (w/v ) . 's i d e- a r m flasks (12 5 ml capaci ty) containing
r , - -.. . ' . ,

30 ml of medi~m we r e , i noculated with 1 -. 0 ml of " id

l og-ph as e , YEM-~rown broth cu l tures , an~ h~ ld at 3'0 C with
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. . / .
s haking (l2S ~J . Tur&idlty was .enured after incubation

" " I
for S3 h a Dd cor r ected for inherent op t ical error by t e

lQe thod o f Law-rene. and Maier 11911 1.

Nlt:0gen ue e a nd Ef f e ct o f Nitrogen Source o n To ta l

~ GrCNth .I . t . . .

The e f~ct 9f vartous ni trog e n! sou'r ces on t he t ot al

""?" o f 1\,ep . VC 2: ~u stud~,ed udin g th. ,·ld~'f·.in'd · t~d :i.. UIIl
o f . H\lIhart and Wong (197 9 ). The nitro g e n so u rce s ~e re " .

; poe.e..i~~rate I ~NO'3 1, ' a spaft i c acid . ~ lutalUic -a~id , \ . .

:. " " J " ___ " \hORlOur i ne, and th reoni n. . All" qj. t r oq e n sourc•• we r e \. . , . \ .

,u~Ued at a eeeeeee. eee toe of 8 ..0 ,rtf4 wh i ch ·i • • ap p rOXimaJely

equal t o th.' llIOlar Co"'nceDt rat.ion 1.8. 0 VB : ' 8 . 1 Eft) 'o f t h \

r e 9.ula r, nltr098n,loure. , potu,fum nitra ,t• • in t h l!! Hanh"' 'j"

~~~~::~,,:':'- __0._." "<"'1'
" " :/

~ The effect:: of ineubat. lon 7 mp e rat u re on gr owt h of ! .

ep . VC 2 .Wll.I atudt.d t ur b l met ric a lly . Sidg- a rm f laskl I
' ( 1 2 5 1111 cap.ie4;;~'on~~o , ml O~ ·YEM were , i nocul&ted ...

wi th 1 m1. o f 1o\.;.p~a. e eu i'ture <- /.200 ~ dry vt"./ml). Thr"
lnocol~ w.. . 1o.m f o ' 3 d a y. at 25 c, C,1t~;.. we " . hali.n "

"i.:..~
(

, "

I

J

\"
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a t 1:25 rpm in .darkn~ Bs at either 20 C or '30 C . "T emperll.tul'"e

fluetuations were always less than 1 degree C. .'l'urbi!W.ties

were measured using a Klett-Somers on instrument .(The · Kle tt

Man~actudn9 ce" . ~ew Yor k) using ·~i~e r~Pli~at~II ' a t e aCh ' J

temper ature . •

In studies on t;:B "ffect o'f media p8 on total bll.~t'eriar
~,r~h"YE::broth ....as adjuBted·to·p~ ,3 ••4, '5 , 6 , 7 ; - ~r 8 , a~~

' . d is.~en8e~in 30 : 1 ll'U quOt 8 t o 1~5 ·:i . 'flas~.8 . - ~~e '~:~,ta '.
were ,inoculated wit~ 1. 0 m.l o f log-pnil!'se cul t ur e 0:1; .!!. - sp.

VC -2 and he l d at'24 c ; .with ' lh a1c.ing "( 125 rpm) . Turbidity, '
. :,» ' , t " . _, : ' . ". ' . ', '

was re~~ a fter'\S h . ~ '. deBCribed~b~e: , ' .

The i n t e r a c t ive .e ffect~ of temperature" and' p"ll on tota0
. growth,of.!. sp: vc 2...we~r~ lI.1Bo lH:.~ied . - The 'PH_' oi :YE~ ' :

lias ad just.ed to 4 .5 , 5 . 5 o r 6 .,5 and cultures we.re maint.a i ne d

at. either 24 C' o r 30 C. Th ree repiicates · ci.£. each

combinat.ion of temperatur e a nd. pH w_ere U8ed a.nd t.urbidities
.~" . . . . ',.. .

were mea.euz-ed a ft.er 96 h as desc r ibed above .

'- -'.

AS8 ay fo r . LectiJ;1:-Bindlnq by JlhizObi~'

.\

.1

i.
I
I
I

I,
, .

6-10 da~old cult~res . gr~ ' ~n Vi!1cent ~ ~ ( 1970) YEM .

~edium; ' were air-dried and then heat-;f ixed : ·'t he, smears

. ----.J.. "
emean wer~' \!lashed 1 5 nun in PBS and allow~d t o dry. '

The e lllear~ were~.unt,!,d in ~a 9iycerOl~ba~.e,d medium ,th~t( . ~ .

. ,.' . ', '

j react.ed. fCl.r 20 min . with FITC;-labelled l 'l7.ct.inthat wu

pre-di1u~ed (11 4 ) in ~hosphate-bUffered nline ,(PBS ) . T~e
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. " . .
r educes fluore s o ence f ading (Joh nson an d C . de, .
~o9uei:r:a:";Araujo. 1981) then observed on 'Il Zelss '

p)\o l:.ODi.iC:~OIlllCop.- equipped ",i t.h epifluoreacent - a nd. . . , _ .

brJ.9ht- ~leld i llumina~ion~ Th.lI 'Yai us : . % . L,c~in-Bound C'eHs' .

(Table 9 ) was, c alculated lls follows I

-;~~~~~~~~~;~~;~~.;,~~ Ix. :OO~.

!i'ive t'ield8 of vieW' ~e;. obae r v edpe r ~t.~ain,.of RhizObiu~:; . ·. .... . - -" .. -~.~. .
The tlliCr08cop~ . moun t i ng medium. of J ohnson a nd..c. , . de

~OgU~ira~AraU jO ( 198 1 ) cona.i 8 t;.~d' o f . ie, 1111 .of . .,
.J?hosphats-:-buffet:ed. uline (O.lSH _NeC! in '0 . 01- 'M-s c eeoec n ' 8

. ph os ph at. e bUf~er.t ~li 7 .4) \co~~inin9 ' 100 JiIg ' -: - ~

£""flhenYien:dlam~ne a'dded ~' ~~ ml' of glycerol '. The pH '..,aIi

adjU~ted t o tJ.~ 'w,i t h .o : ~; .~ ' c';~bonat.i:bi~ar~n~te .b.uff~r · a~

PH.,9 ,.:,'. ~e . ~~r~:ate-b...ic~rbo~at~(bu ffe r . con_s,~ated .O~ 2 . S ;

.;,. . ml of solution A, ' ( 6 . ~.O 9 of a~hydr,01J.a s.o~iU)'ll ca~bonat~ in.

J.O~, ml H20> . and .47 ,5 ,.~1 ~f solutioR .S .~ ,~.2 . 4 ~ 80d~um .

bicarbonate in 'lOO ml H
2

0 ) .:

; ... ... •. . . . . . '. .. :' <:;,.
Nitrogenase ,Ac t i v i t y in Free-Livinq~ Culture. · .

. The protocOltuaed to s\~Udy t h e ef.t;ect ' :Of c arbohydrate.

\~uree O~ nitrog,"aee ~ctivity ~88entia).iy ~U~licated t h a t
\ , '., , ' I t"

described by · K~r~ and LaRue ( 1975). uUng LNB5 medium" LNBS,

'ba s al llIedi?JII, .excl~ding carb6hydrates and heat-labii.
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vit.llmi1ul, ....as prepar ed then membr",ne-fl1tered BolutioRS of

vitamins and the appr.0priate sugars ....e~~dded . The

carbohydr~t86 included sucrose " arabinose , arabinose plu!!

s ucrose, qalactose . qalactoee plus s uc r ose. mannitol. ,. .

mannit~l plus ec c e ce e- , xylose a nd ltylose plus sucrose . Each

• carbohydrate so..urd~\ was present 'at a final conc e ntration .o f

11; - ( ~/v ) . wt\pn two~rbohYdrate8 ~!,!re ' ~UBed« ,"t h e

co nc e nt r a t i on of each W.ll8 5 .g/ ~ i t~e : wh~n one . wa~ U8.ed, t h e

conc~nt. ra-t·ion ""48 10 lJ!l1tre. For each 'medi:U~''' ' 3 ml -v~lume B

. wllr e 'alepenled intoS B: 1ou bottles ' (6.8 .mi , c apacity) then

.:] '6e bci't~1:e8 ;"ere Cll;iP.~ an d .,le~t ,f o r " > day~ to d et e c t

·c~n\:am.inll~ion .

Themedla were inoc ulated with 0.10 ml of a suspens ion

of ! . ~ ep - VC ·2 , in- .sterile: ~iatil led water . The inoc~l um '

had a ·t ur \l i'd i t y of 0 .08 up"tical density units aDd was a. ' , ', " " , '
: BUlIpeQsion ~~ 5' day-old co lonies 9fDWn on YE~ a9lJr p~at~lI ~

A.f ter 10 days 9r~h at 30 C.' cUlt~~~e c~pped" with

IIteri t e ,r Ubbe r caps·' ~nd. the - atlllOspher~ ~d jua:ted to 10' (v / v l

~cetyl ene . After -incuba~ion at 3~ ~ C. Jor app~o:dmately 4 h,

l .•~. ml g~8 lIllmpl ell were wi~rawn ~nd chrollllltographed on, t~e

system described above . Cotl.trdl. ;did not 'h av e acetylene in
. - ' \..'..--

t h e incubation atmoaphere.

'. The ability of Rhizobium cultures to nodulat;.e v ,
",' ' --, " ', <:'

(.
"._._. --~. , ..- ...,",._,. '~'-"""" -

~,

Nod~lat,io~ StudiBII ',..,
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~ was determined b,Y Vlncen~9, (197 0) method in which

s t e r i l e seedlings: prepared as described above ~ ( Seed ­

Germination) • were -ifloculated with .!!. sp , VC 2 and

!!. l e 9Ul1lino sa rurn s tra i n s 97H3 and 12BC56 . Cul t ur es were

shaken (1 20 rpm) . in YEMb~th at room temperature and

the turbidity was ad justed to 0 . 128 OD units ( '" 0.20 mg

dry wei9ht pei.-1 l .(Lawrence and Maier, 1977) .

Inoculated 's e edl i n gs were transferred t o test tube

slants o f Jensen's Seedling Agll.r (V~ncent , 1970) and .g rown

at a dayt ime temperature.o~ -2.0 C ~nda ' ~iqhttime tempe reeure

of i s C. Plants were 'ma i nt a i ne d on a 16 h pho toperiod .

After 30 .d~Y8 the n~er , o~ nodules on each pla~~: was

counted:

Jensen's Seedling Agar - (Vincent , 1970) co~tained:

""- ' ,/ caR'P04 1.0 .9

""'" K2HPO, .0 . 2 9
/IIgS04' 7H20 0 .2 9
NaCl 0 ;2 9

- 'Fe c l J ' 0 . 1 IJ
!f

2
0 ' 1000 . ml

one ,f\Il of Trace Element sc tue ren ....as adde d to 1 li ter

of ~~e first solution. Trace Element So l ution contain.ed:

"38°3 . 0"'- mg ,
- ' MnCl 2 " 4H20 ~ O S II'Ig' •

znS04" 7H20 . 005 mq
Na

2Mo04
-) .005 mg ,

CuS0 4 . 7H
2

0 . 00 :l m9"~
H20 1000. ml

The pH ~a l3 4djust~d to 6 .5 and 10 9 agar (Of.f c o ) was added;

"

i
I
i
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Stat istica l Consider a t ions

For consiatency a n d t o avoid redun da nt expl a na tions,

the wor d ' signi f i c a nt ' h a s on l y be;m used t o desc ribe

. ~e.ult B ",her a . the prob abilit y of Obtaining a Ty p e I . or

alpha, e rror 111' e q ual to o r l e a s tha n 5\ . Th e S\ alpha

•l e vel ....a s c hosen b e ce ue e . i t is ~he mo a t. c0llUllO.n1y -u Bed a l pha

1 ev el i n etatillt ical methot;1s, a lthougll other a lpha va l ue .

are . .Bomet ime a uaed [za r , 1974) .

Ana l ysis o f va r iance ( ANOVA) p r o,cedu res, o u t l i n e d in

' SOk~l and 'ROh l f ( 1969) and Zar ( 1~ 7 4). we re used 'to analyze.

the ef f e c t s 9 f carbo n s ource, inCUba t ion temperat.ure . ,p H a nd .

i nt era c t ione o f temp.B"r~.tu.~~ a nd pH on bac:s r.;al growth .

ANOVA ....as 81:0 used t~ d.ter~lne i f t h e r e ....ere aignificant.

IH'ffer8nc~. i n t.h e ni t.r oge nale- ac t.i v i t.y of f r ee- l iving . •

bact.erial cul1:ur e e . TO ana l y ze the ef f ect .Of i noculullI on

nodu le ~ormat:lon . r aw da t a we~e t rana fo J:1lled by the equare

root t.r ansform at.ion :

. x ' - t.he aqu are r oot. o f tx + .0 . 5)

Thle t.r anafo'mation wae ua .d· t o normali~ t he da ta an d

pe rmi t ana ly.ia by ANOYA procedure . . All da ta .a na l y zed by

ANOVA ahO\Jied equalit y of Varl!lncee, .....~e deterrll":1~ed by

Bar t l e t t' l. teat.

The e f fect of nitrogen source on growth of!. .err
VC 2 was an a l ys ed non- par ame t rical ly ue1ng t h e. ' .
Kruekal-Wll.1lie procedur e out l ined in Zllr ( 1 97 ~ 1 . , ~i e

I
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.
a_1Ylil wa l uae4 . 'bec a ule tl1e 4ata showed . Lgnifiea ni

inequ:..lity of val'"ianc•• Wl1en Bat:tlett'a . t i a t fo t: hOll109'errnlty

o f vat:iance l waa appl ie4 10 t h a t:a ~a. 1011111 q~' ltio~ al to

whether tl1e panullatric ana l y s is (ANOYA) eou14 be valid l y

uae4 . ANDY.A prOCedur~ 1 'r eq u i r e ' ,t hat the va r i a nc e l b e- e qu al

or app~ollimataly 10 .

In mOlt ellperhle~tl where lignif.ieant 'fa e t o r e ffects

were f o un d t he Stu4e n t -Newman:lfuI I lIIultip :a ..r an g e teet

( Zar, 1974) wal ue a4 t o l ocate significantly d i l l.r a nt

meanl . For t-he e xpe r i menlj. in wh i c h growth, on 5 nitrogen

lou r c es waa c omparad, a ':l0n-parallletric mUl t i ple comparison.

t est (Zar,\1974, p . IS6) · va l ule4 to l~at. t he- <,

s i~n i fi~tly . di f:.r.nt lIIaa n l . <>: .... ." . .
. . c:alditl'at.i on l f or ANOV".' I were dona on~. a ,

. pre-~.4ra_~ libr ary o f ata tiet i eal .p r oe l d ut:.1 1 f rOID~e
• l S;:a~llticl Depart\'ll.ant of Pennlyl va nia State Uni v , r ' l t y .

"

r

I
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RES'ULTS

1 . The Plant
1. 1 Nodu le Shape . '.

Y!£!! C~. L . ·· rcoe n~du", an 'niti"~Y "

hel\l.ispheric ally- shaped t>ut become e l o nga t e -cylind rical ,.wi t h,

age ( Fi g ur e 1) . Older rl~du1e9 sometimes branCh into 2 o r

mOre lobu and reach 1 .S cm in l en gt h (Figure 1 ) .

:w~nty-~ix .d a y s ~~ter ~noCU.lauot). , .CUl tiVa t e d r oot nod~,~es

we r e e ~,ongate and cylindricallY7~haped but un bran ched

··<..<"£oi9ure2) .

,. ,:{.: .,:;' The lQ~1l cif older, branched, nodul'ell do nClt. lie in.a

s ingle plane, . creat~ng a ·~an:':shaped , pa lmate- nodule a lii

r e po r t e,d by A~ien and AI~en (1 9 8l ') f o r Acaci a and .cr ota laria

nod u l e s . \ I n.t ead , ol~er .Vi c i a' cr";'c ca nodules neve l o be s "

t.hat 11e i n mor e t han on,e plan e : Th e lobe~ are ,o f equal or

a ppr o x i mat e l y e ql,la l she . " . ,

J;lodu1e s collected -f r o m the fie ld tend ~""'occur "

individually o r , less flrequent. ly, . i 'n pairs . Jlxtensive _

nod u l a tion o f vtea a xr a e c e , s uc h as t h at Observed ,1n ma n y

c omme r c i a l l:9U~es: ~.:\elY oc c u r s in r~t~ cOllJ'::ted fr~m
, the fie ld . -, .

•
,.

... .

' J
!

I
I
I



...

J

- '48 -

Fi9~e 1 - Nod Ul a ted Roo t SYlJtem o f Vic!a~

COllected f l"om the Fie ld .

LObed ( I ) arid unlobed "( U ) nOdul e . lI l"tl p eee en e ,

Maj or 8~ale div i sion s of ruler . -a ~tl eene reeeeee ,

-,"

I
I

,. ,
;
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Figure 2 - ':N~dule of Vida cracca x~ '~izObiUm specIes

VC 2 Produced . i n vitro . Nodule indic ated

b~ (N .l . Ma~ificati(:m ' :-3.:;S:-

. x,:
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1 ~2 ~eri~tem t.ocalil.lltLo't

N~ulel 'I'nco r po ra U d radi ol.belled thymi ditl-: "a t the

nodu l e apes ( Figure l 3 a nd 4 ) in the nuc l e i of 1_11 c e lli

w1 t hi n 5-10 c e l l la~erl o f the nod ull. -Iurwcl . Th e le d ata

i ncUca t e that' th e ti l s ua ill a zone of DNA aynthes is and

, mer illtelllati c a,ctivity .

Some t hymidine 'i nco r po r a t i on wal ah o ob l erved in the

nu cle i . of enlarged ; in~ected cell~ of the b$'nr~d aone

( Figur e 4) .

,

I '.3 ."rogen••••ct'v"y .· ~

Nl.trogenase a c t ivi t y ( acet;tLene r ed ucti o n ) wal

de-anatrated i n fia ld-col lected nodu lel and i n nodules •

produced un d er .!E.~ condi t i o n. (Tabh 3) .

,J

- I
1 . 4 . Le ctin' laohti lllb

Se eds ' of y . ..~ poIs.leed a l.c~ln f ract ion that

bo und t o a n a f f i n i t y ch r o lDllt 09 c a ph y c o l ullln with a n '. \ .
N-acetyl-ga lactOBam lne ligan d . The lectin ' f r""c tion co uld be
, , " . ~~

eluted by 'dlcrlal ing th . pH along a continuoul gradient .

Two u ltraviollt (2 90 nIIIl absorption peaks oc curred in

the elutio~ pr ofH I • (Figure Sa), one pe~~' ' e ~ut~ at pH 6 .8 "

.'
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and tbe other -a t appro:dllli!ltely pH 4.7 . The ~ira t peak wa e '

re-chromatogrll.phed a nd e luted at p~ 6 .8 'ilgain .

1 . 5 Ge r mi n a tion

( F i g u r e 58) .

....

~ 30 mi,nute immersion i n concentrated sulfuric a cid

provided 94 % germinat ion, the highest g erlllinati on r ate of. . .
tbe various regimes that we r e tested (Ta b l e 4) . Seeds

tre a ted i n" this '..,:'y we re simultaneously s carified and

8urfad-8-t~~lii"z.ed .

2 . 'rhe , Bacteriurn
2:. 1 Morphology

Us ing e lectron rat croaccpy , s.. ap , VC 2 was o b s e rve d

to P08B~88 2 f lage l l a (Figu re 6) .

2 .2 Physiological! · Blochemic~l Featut"ea
2.2 .1 ' As p ect s o f Growth

2 .2 . 1 . '1 Growth ,Ra t e

A ' ge n eration timeof' ·6 .8 h was cal <;ulat.ed for".!_ sp.

VC 2 g rown at ,24 C wi t h 125 r pm Bha~(Ti!lble 5). -Un d e r ' l ......:

these conditi~nll turbidit.y :wa s visible 24-48 h~ after

i noculation . The growth ' r a t e of R. flip . VC 2 io faoter

t h:a n t h e 9 rowth~teo, o f Rhir.Ob ii.1: lequmin~oarulll r~
j aponic:um a nd~ up : . l 27E1 S .
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Figure 3 - Lo c a li za t i o n of the Vicia~

Nodule Meristem. An autoradiograph

of a l on g i t udin al section of a nodule treated

wi th 3H-thymidine for 1 hour. Note the dense

groups of silver grains (arrow) o ver the nuclei

of the apica l meristem . Magnification = 60x .
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" : . · ·· • · .. · 3 , · .
Figure 4 - Sites of H- 'l'hymidine Incorporation

• . . . _ Ne~ the 'Ape~ of a, Vioia ,c r a cc a: , /

" ~:::l.;~.~:~~'~~:~::~n:~;:-:~:i::~~~:o:::ation
.~rrowsl ' i,~ , n ucle,! of' the meriBte,matic ·<M"'·'-~:nd'\
bacterOid":'%~~ t B) ce lls . Ma9nilicati~n ,- 6"oOx•

.' )
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Tabl e J - Nitrogenase Activity of v ic ta cracca

: NioJ~ ' -- - -, .-. •-

NitrogenAse Activi ty ·
. .: ( IM An :!: a~d .)

. " :'
Growth Co!'di U on

per mg NOdule
Fre s h We i ght ' pe r Plant

Fi e l d- Colle cted
Nodule s

,. ' ) ', .'
Cul tiv a te d .
Nodul ea

, ':j
12.0 .:!: .' . 1 \

.\
36 .5 :!: 23. 3

L

i

J. ~ .'
-,

( *) meu~n!d ~a "nrool es ethylene produced per hour . .

-::

..

'L·t ··
; .

d

.:. . .•» :

! , ." ·· . • t ·· .
.' ,

,I
',,,,--

. ',1 .

' / i._ .:.
. .:.-......,.,,--"---'-~-_.
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Fiqure 5 - El-u tion Profiles for the . I s olation

':' o f a. Vi cia~:Seed Lectin . ~y
Affinity Ch r o mat og r a phy . Th.e top panel, F~qure Sa,

i ndicate s the initial · i~Olatioe... arid purification ~
Two 2 80nm-absorbing peaks {solid line} eluteB

along a cont i nuous l y decreasing pH g r ad ient

(ha tche d linel at pH 6;8 a nd 4.7. The boHom .

c pane~ , ' Fi gur e Sb . ' indicate ~ ,{-he 9~co~dary

purific~t~On . The fraction that elut;ed at . "
p H 6. 8 i n Figure 5a was r e-appl ied to the column

at pH .S .O ~d .found toel.;ute a9~in at fH 6 .8

w~en the pH ....as lowered . Thli 1 i'gand used was
_,~ . .

N--:~e ~yl ~t:o_,a.nrl;n~ .

. "

f .'
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( .
Table 4, - Germinat ion Rates (f or various Tre'ltllEn ts

) ,o f Vicia~ Seeds

"'"

" Treatment'

aci '. - 10 mi n

ecr -2~ min
NaCIO~O min

H
2S0 4

- 10 mi n

\ ~2S04 -20 min

' H:zS0 4 w20- min
(so ak e d 2h/in H20 )

H2S04-3D ,%n

Percentage
Germination

, (mean ± s .d .)

I
1.9 2 .6' .

2.7 0.6

2 .7 3.9

' 48 . 0

58 . ~/ "

74 . 0

./; .
',94 . 3

31 '" n < S9 se eds; for eecb r e p licat e

iy

".

. '
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0.

Fi g ur e 6 - Who le · MCll~nt o f RhhobiW1l s pecies VC 2 •

. Ar ro wB J.~dicate~ella.
Magn ificatl0n",,:,, 22, 100 . .

" ' ;.

. /'.

, J

....

, ',
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../'"
Ta b le 5 - Generation T!fr1$S of S OIlle Rhhob"1~

Grown on YEM Med i wn a t 24 C

' \ .'
\..

I,

"

..!!. sp ." VC 2

! . 1e~~osarUII 12 8C56

! . .."1aponicUlIl 6LA76

1!. sp .. 1278 15 '\...

' r

" ,

"-Genera tion Ti me (h)

eaan ± s. d.

17. 3 2 . 3

. 28..9 . ',1 . 3

".

...

\
\ ,

i
.<\.
\ 1

I·
I.
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2.2 . 1. .2 Carbo~ydrat.e uee .

! . sp . VC 2 an~l ' l equmi noaa r um used all of t h e

carbohydrates that ~'rJ t est ed (Table 6 ) . This group

i nc ludes arabin08e , dulcitol , fructo~e . galact"cae . gluco.~ ,

_ltoB8, mannitol , ' raffinos·e . rhamnose , sucrose ,. and xylose .
, ' I ,. ~ .

,...--.-'-- - - ···- - -2-;-2 ;-:ro3-Ef f e c t or---cartn:il'i.ydr6"~e----s-ource oll"G i' iJWti£hn. - --,------,--- -c­
I

, .
,The , t?talgrowth O{ .B< ap~ VC 2 Wa! si~niFicantlY' \

. a f.fecte~ . (,005 < .P 'e .01) , by c a rbohydrate -"ure a (Ta b l e 7 ) . '

TlJ,ere .We: 8 no s i gni ficant d ifferen~ea in, tot~l g r owt h of!. r
lip . vc -2 ~t:,!een ~lole a nd mannitol t .rea tme{lts although

th?re wer s sign"ific a nt diffe renc e s bet~een 91u cos e. and. .
xy lose t rsatlll e nts an d ' gl uc o s e and mannitol t reatIllents (P(

. 0 5 ) ;

Nitr0gen Use

.!3.. s p VC 2 WIlS ~ble t o use - all fi ve compounds as

,so~rC!ee .C:f f ixed N b ut . aignific,ant ' .d i f f e r enc e s ~{ . 01 < p (

: 025 ) -i n t otal qr~h were Obnrved ' (Ta ble \ ) - . Gl~tamic

acid produced the qre ate s t t o t al -g r ?W'th while threon1. n~

provided t he l e as t .

~e p H of t he me4 ie. '~ont;ini nq potll.IlBiu m nit rate al d ·

. ;
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t hreonine h l l to 5. 43 an d 6, 02 , r esp ectively , a lthough ..,---.

, media c o n t a i ni n g .-aspa r tlc a c i d and glutalll~c a cid h a r dly eeu
at all (6 . 93 a n d 6 .9 8 , reapec't ively, .v e r eue 7.0) . Thlf pH ~f

t h e homoseririe-c ontaining medi um rose f r om 7 . 00 ' t o 7 . 13 .

There wde no apparen t lorr~ lation bet we en t.o tal bacter i a l ..

growth and fina l pH o f t h e nitr ogen- containi ng media ,eo pH

e"ffects were p r bbably not mark ed . ' .
1. \

2 .2 . 1. 5 ' E f fects of Tempe rat ur e a nd pH

!. s p . VC 2 gr ew faster a t 30 .c ~han a t 20 ;C .­

(gen eutiQD times - ~ . l :i. . 3 ~hd 8 . l .:t 1..3 hour"

#r e ap ectiv ely) but. ,f i na l ' bal:teria~ ~ensity, .was greate'r a t the

iOwe r , temperature (Figure 7 ) . ' ApproJ:ilDate~y 63 h ,-after "

i no'cul a t i o n , t h e final ce l l den,itle~ we re n e a rly equal ,bu~

t?" 72, )r, P08t-l~~cu~a~lon th~ t.ot~gr owth o~ '20 . C 'c ultur e s

was significantly gr e ater (p < , 00 0 5) t h a n t h a t o f 30 C. . .

cultur es t'Fi gu.re 1 ) : . ~i8 t rend c ould .s t i ll be ob a e rv ed 51. . "
houra lat e r , a t l :h h pos t -inocul.a tion, "'hen Bamplin'i. . .
ce ased .,..,' .

The op tillUll pH-of tll e bolat e fo.r tota~ growth on ,YEM •

medium a ppeared ' to be '.~ear pH .8 (F igure 81." St udies of pH

. a nt dm~erat.ure i nt e 'r a ct!o n i~'di'ca~ed ~at t otal ' gr~h of •

! . ap > Vc 2 o'n 'YEM medla WIlS. greater at 24' C t han at 30 C

over t h e pH unge ~f 4 . 5, 5. 5 lind 6 ~5 in~luB lve , (Fi gur e 91 ').•

. There· .wer~ ' lIi~niffeant di·~;:.encelJ in t.~e · tota l 'gr ?Wt h o f' .!.

~-:-------~
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sp. VC 2--d"\.le t? incub ation tempera.ture ( p c . 0 0 0 5) and

i ni t ial media pH (pc . 0 0 05 ) . ' ,Ther e ....as no significant

oj interaction of t. e mperat ure and pH on bac ter ia l growth (.10 <

.p c ~ 25) .

2 .2 .2 .Lec t in Bi n.dinq. Property , "' , . ,
Cells of.! . . ep - VC 2 ~re fre~ntlY bound a l e c ti n _

(from 's ft d s of . t~e host. plant) th,an did S . leqUJllinosarulll ... .
s. trifol Li or !i. lupi ni (Table 9 ) . Cells o,f ! .

japoniounl and! . phaseoli ... did not. ·bind t n e lectin and

N-aeet.yl-gal.actos aJlline i nbibit~d bi. nding of t he - lectin _to. !i~

ap, ~c 2 .

2.2 .3

Rllt~Ob~Uni sp. VC 2 was :catalase positive and , ' o n

litmus -milk medi uIn. formed ,a a,er um z one (Tabl e 10) . Young

cultu r es o f t he !.solate wer e Gr all nega~ive (Tab le 10 ) . ~1 1

,' ):;nown ' s tra ins: o f. r~izobh gave the upset.d r e.ul.t s

(Jorda n),and Allen ~ ' 1974) ~it.h reg ard ·t o t.h~cat~iaae. ; litrPu 8 .

mil~ ~nd Gram re a.cti on!! . An iaol a te fro m y. -,cra~ca nodu;e s

infe~ted wi. t h!. , s p ~ VC 2, ' d etigna t ed '~f, s p . v~ 2

re-i s o hia '. gav e results tha t ~e rQ. i dentical to th'oee of .

the ' origina.l' isolate .

' .

L
-'
!
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Table 7 - Effect of Ca rbohydrate Source on Total Growth

of Rhizobium ep . VC 2 at 30 C

Carbohydrate

Glucose

Xylose

Mann itol

Turb i d i t y*

(nean s .d .)

18 5 . 0 30 . 7

253 .7 1 2.4

294 .2 2 4 .7

Significan t ly

Different

From

Xylose , Mannito l

Gl ucose

Glucose

( *) measured in Klett Units
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Tab le :9 -- Lectin Bind~9' Properties of

~i.zObiWll a p VC 2 .

; " ,'

.!!. ~P>~ '2
R: 'SP..VC 2 plus hap't en
-(ha pten . "Gd!,.N- Ac;>

s- leqwni~o'aruin :'
12 8C56 · .

, 978 3 ...../... :\•. '..
!.~

~ .' . ~. l upini :

. :_ ! . phaseoli

! . ia ponicum Jc - 7.

'Le,;. '
'./ "

"

I ,
·t J
-1 ..

24. 1 11.7

0:0 " 0-.0

IS : 1 i 2.4 '
10 .6 " 9 . 7

4-,Ji,; 7. 4

0. 0 '0. 0

0. 0 . 0 . 0
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Table 10 - Results of Cata lase and Litmus Mi lk Tests and the Gram Reactions

Bacterium

Rhizobium ep , VC 2

original
re-isolate

B. l e gumi n osarum

9 7H3
12 8C56

B. t rifo lii 10328

~ . phaseoli 13 7Kl4

~ . japonicum

6 1A76
6 1A89
Jc-7

~ . lupini 10 31 8

Pos i ti ve Contro l

Negati ve Control

+ = positive result

- = negative resu l t

Catalase
Activity

Litmus Milk
Serum Zon e

Gram
Reaction

"00
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2 . '2 . 4 Nitrogenase.Activity in Free-LI .ving Cul t ur.e a

. !,. ap..- . ": 2 wa~,: ~bte "t o, re~uce : ac.etyiene '" r.N~,5 .'

med i um when a ny of the carbo n sources wa s pr e.ent (T able
,J . ' . <

l1l ,. ,Whe n gal ac t os.e was ' tht ~ll.rbon ecueee t he N'aae r~te8 .

were maxim.~ a.nd .~hen sucrosl!l-ltYlOS~ was t h e , carbon aour,~e .

the r ates wer e ' mi ni mal . ~

. The re' wer e s i gnificant. differences ( .0025 ( p : '( " .00s)

in the'. nitrogenase activity aup po:ted'.bY "t he' ....~r~~us ca rbon '

8~u.rces bu~ ,rt'~ not.Poa ~ib~tl . ud~g · the Ne:.rman:~Keuls ,

t~st'. to "det erm i ne which ca rbon s ource s su pported

sign.ificantly diff e r e nt ra~es of rJitrog enaUl ~C~ivity.

! " sp . 'VC . 2 a nd t wo liItrai ns of!. lequminolJaruJll

nod ulat ed Vi c ia erecce (~~b1e 12) . ' N'i n e t y percent '(9.0\ f .Q f ;. ---r , . ' .
the i noculated ' p lll nt ll forllled no dul es bu t con t r o l plants .

: . , . ,' , '

··..wb ich were ·uni noc'ul a t ed . did no~ f or lOnOdUle~ There were

'no ai.,fnif~6an.<dHferencea ( .10 ' ( ~ ~ .- . 25 ). ' due t o. t he .

s~rain " Rhizobium, ' ~n t h e tra~,~ torm.d nu~er. .o f. n~ul~.~

'} o r l'l'fd . ~~r . Plant ·. ... .!,
r •

' j
i '
!' ""'-

i '..
i

" - -~ --"'--_'--:---'-'-
' . ,

." ."



Tab le 11 - Effe c t ' .c f Carbon Source on Nitr og enase

A~t,ivity of F'~ee-Livi.n9 CUlture~ 07
Rhizobium ep , VC} .

·i .

- 80 -

\

Carbon Source

sucrose +. xylose
eucccse + mannito l

~lose .
mann itol

su crose .

suc rose + arabinose
su crose .... g.a'l actose

arabino se .'.
ga l actose

N'ase' Activity " ·

meAn + s.d•.
2 .03 . l9 e .
2 . 09 :49 •
2 . 141 .. .30
2 . 19 .27
2 . 74 . 71.
2 . 79 :,56

,
2 .8 7 . 56
3.0 4 -"3.20 . 3'3

(* ) d? cimoles e t hyle ne/ cUl turel h

,.
I
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.Tab l e ~2 ' - E ffe~ts o f Three I noc u l a on Nodu l e

.1 ,

Fo:mation i n .~ t"r~cca

)"-..

. ;:,,:,

r
. Nodul e s Forme d

"" Pe rcentage o f pe r Plant
" Plant s Nodulated " (mean "± s _~ .)

' ~ ' /
Rbizobi urn ap , VC 2 92 --, 3,' 2 .2 ,

S· l e gum1nos ar um .-
97H3 " 3. 0 2 .'4

128C56 ~ 1 2.1 1. 9

None (c on t 'rol) ,.. , 0 . 0 0 •.0

Over a ll Aver ag e 90 2 .9 2.,
(exclud~ng co ntrol )

.' ' .
r ':

i
. I

r

..
~

.
," ,

'\

•,/ ."-"

' (~",
. - ,"i

[

...•.,.• .. L. ..•.'...
"

" " . .

'I
" ,-
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2 .4 Identity of the I s o l a t e

Information relevant to the identification of B.. sp­

VC 2 is summarized, from the above data , in Table 13.
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Table 13 - Comparison of~ sp , VC 2 and

~ leguminosarum

Character

Gram (-)ve rods

!!. sp VC 2 !!. leguminosarum*

Endospores Formed

Ci trate Used

Flagella Number

Litmus Milk
Serum Zone

Growth Rate

Nodulates One or
More of Vicia ,
pisum or Lens

fast

2-6

fast

CO) as cited in Berge( s Manual of

Bacteriology (8 t Ed.; 19 74 )

Determinati ve
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~_:; - DISCU SSION -

. -<

./

'"'))',. ..
' ,....; -" 1."1.'P'e Pla nt __ . - .

Nodule Shape~nd Her h t em~~~"'t.l0n , .

Th e Ibaptl8~hat Y!.ili ~ra~ca nodUle~~:: u_ dU~iD9 .

.or~~en~8i.8 . are ' ~~lII.1 lll r to tho~e ~eport.ed by- Li bbenqa an d, '<. .,

Boge J;'8 (1974) and Dar t (1 977) for o t her specie . of v i ola and -

• ~or P~'8'~~ ~~d _ M'dica~c; nod~iett J .. Nod~le ~ at vici~cca ' .~,'

ap~4.r to' r.!, a Ul ~ f r ,?'" '" a:tivi~~- _ Of ,a n a~\~a 1.lY- I0Ca~e~
IlleIl,lB tem which • .a ccor d l nq to Dar t 11977 , p . 4 16 ) , ·prod u"clla...

fl;·~::<::~:t~~:t:::::·o:h:h:'::~::i:~~Oo~" .> .

" _~i~te.: .; t nc,i c;.!l:ed by t;i tiated-:;-dl~_ in~·~ra~io·n .
h eon. iste rit..,lth earlier interp r e t ati on s · o f t h e .. e r b t elll • c,

' ....,.

1.:.......,

in s t ained Vi d a nodu l e "n e t i onl (Pa te . 1977) . Thy-idin~

ineorpo;~tlon i n the nucle i o f c:ell~ ,l i n 't h e bacteroid zon e
. . . I .

"" . has been ~bBerved i n pea a.nd alfalf~ . nodule • . .a:nd ia ' believed

te oqcur becaule inhct~ ,he e t ce ll . ~come po lyploid

. j
J

(Truchet. · 1918 1. \ " .
. . .-:' . . In ,uua..~~,it~ated-.thymid in\ autoradi09r~p~ic ' .

~,( . ~" " pr~ce~u~el ;:dicate ' ata t . t~~ ,,~e ~.ia~~, ~f .!;. ,.cr:a~ca . nod~ le.

;' . ~ .. . 11 an apicallY-loc~ted . cap- .i1b.aped band of Ima ll ce lt. .

i,.: ~,~ ..'~ . ," ': '
i
!

, i

;.,
j.
I,

"'--
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. 102- .~~ 't:r~ena:; Activ.lty

" .;if..::;
--.... .. . ' . , , ';b;"Ii. "-

viola -e r e ee a nodule s fix - nitr9gen at rates comparable,- - - - ' - '

to t.hoBe r eported by Str ~p f and We r ne r (1978) for Giydne

......mclJl nodule tl::~~ (7 -12 _VB. " 2-18 nmol es <?2H4/ h /rng nodul e

fre~h wt).. . The rates 'o f N f ixation for en~ire p lants ' a r e , " .

h'b'4ever, much differ"ent (37 VB 1700 nmoles Ih1 pJ,antl' . These )~"'~ .

d,~f f~r::e,~<:e~ r~f1ec~ t~~ fa~. that ~ic~a ,~ i8' -' :'8~_~~:r >~
Plant '!"nd'that' i t tends to form few.sr nodules , t h an GIY~ine """ "'~' , . '

!!!!. dO~O ve~8.u8 ._26 ' nodules a t ~6 day. poat:-. • , ~~~

l~ocu)atio?,)' .' - y>ciacca :il~l!I'O : 'f OpllS smo.ller n~ule 8 .... tha n · · • " ­

Gl1ycine ~ _does: the mean ;;..Jic;Jht of nodule -tis s ue in '2p I.. ~
day -old vl~ia-crac~~ ',h ;.5' 4 "whe r eaa ' compJlra~-aged ,.
\' ----... .-, '- . .:., ; ' , , ' .. .

Glycine ~_nodU le s 'a r e app roxllllate ly 26~ 1119 (S~ripf and

Werner , ~ 978 ) .: ' ~ . . . .

Van a ru eeet .!!:.!!. ( 19B2 ) r~}Q~hat s,n t i r e 2~

d,aY~~ld V.iCi~ h i re ,U:& plante fix nitrogen--.a~~es between

10 -600 !Unoles C21f/h w~ich iB similar to the ~ate.... ,r epor t ed

here for y. "c r a ce,a nodulee (37 nlllo i es C2H4 /h/plantL '~: , . , _

I n conclu; ion , fiald~collected. and ,cu l t i v a t ed Vicia '''---.

~ nor,1ules fix .a¥preci~bi.e . a~nts of atmospheric '

nitrogen. · The rates o f N. fixati?n are:' conunen8u~ate with

values 'repOrted from soybean nodule8 (Stripf .a,nd wern? c" ,

1978 ) a~d- entire!!.s.!!~ plants (Van; Bcunel . .!1. .!! . ~

19 82 ).
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l~.olation o f . Seed I,08c.tin ~

J ~~~_ '

The 'l e Ctin fr"a ction' ~h~~ ""a~ isola t,ed. fr8m Vi e l a (..cracca

. .. p~ .6 . B -~ . -The B~ data ag r ee with R~'edi;er ' / (1.977 )' deeqiption', )

df. th,liI fnetio,:" a nd ' fttdic~~e th at,·t.he leeti~ : fraction /

, '.;g._I .e ed and .s ub seq uen tly l abe ll ed .w.itA,FITC app~ar's id ~n~ica l

, to" t h e' f r aetlon r:ported by R~edi9'er ,( l971 i . ' The fra~iion

~tr,0~glr "ab s o/rb a ultraviolet.. 680 nm) , l .i gh t . bi nda t~ :

N-,cetyl-galactos llmLna ' an d eluted alil .1l. uingle ~~or peak at

/eporte~ he 17~ iii very, sillli'l ~r ~o' t he one de llcribed' by

_..,..---:----:- Rued i ge r (1977). ' . , •

r- . _ ,," '
J

The protein peak ....hich Wll.tI eluted ,f r om "the a f/ln i t y

CC?lu~-·ll.t'~H 4.7 may co~J:'.ppnd t~ tbe peak Whie~: RUedig~r
(l97.7lreported to have 'e l ut ed a~ pH 4 .5 : The differences

~-in elut ion · ,pi may rei~ect ~i ffe rence. in the 7igat;td . used .

I n the axtraction process t his author (A.N .) us ed

J N'-acetYI-galacto~amine "a s. t he l ecti n l1gand whil e Ruediger

. (1 971 ) ue ed gaLa etos,e . re i'6polJSi1? ~e that the acyl amino

moiety, of . N- ac e t y L- ga l a c t osami ne i nt e r ac t ed with the lectin .

\ .,'

, '

and ~that thil accounted for the discr,epan cy i n t h e elution

pH. o f th e s econd lectin fraction.

' "
L.4 Germination

,

SltElds 'of y. cracc.~ are .s ma l l and POU8U a hard see~

coat ·which muat be ' partial"ly · d,i qest e d f or lap~reciable r a t e s '

'" '"
\$ ',,- ,

-.
','
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~f' ge rm~~a tion t o o~cur . For!!?!!..!:!2 nOdul a t i on s tudies o f

y• . ee ec ee , .a simple method ,o ff surface 8ter~li'Zinq ~he Bee ds

was ah~ r-equ dr ed , scarifi~~tion ' and .s ur f ace - ster ili za t.ion

were ei'llIultaneou'Sly achaeved by i mmerlli on of seeds i n

yu l phuric acid. -Th is met~od o f p reparing Bter~le legume

SB.edlinQ8 nae ,~~n : ment i one d ..bY_\t ~ !\c'!.t!~ j!-?.!J~ ~ ·. :~~ ~ethod

is simple and edn~eniently pe rmits .!!!; vi t r o B tu~i~8 o f ~.

orilcCi!lnodqlati~n" by Rhizobiullf {~guminOBarumr- ,The .y.
cri;~ca . :Rhizobium legunilno8aru~. 8tllbiO.~ ~8 ~~: be .u.~
a """ Byota study, the Piaum ~a:hu:m . ( pea~izob~um

. l e gumi nollll; ,UfII ymbiOI~~ "b ec au s e y. ~ 8eedlil 'a\~ qu ite.

t,J maJ.l .- (2 .5-J .S -1DIII l ong) a nd they lend themselves t o "c ult ure

in standard ,she teet tllube'e , · The s~ed8 a nd ' seedlings of
. " " \

pisulD sativum a re IDUcll l llr ge r ' llnd arll . not sadly gr oWn i n

, ".= a r d , t e s t ~bes . Van Bruss!!l ~fl' (l}~82) 'svaiuatsd a.
nu mber of ' pla nts from the pea cross- i"nocul",ti on grou~'. '

, . " " " \

i ncluding y. E.!.!.££!. for 's uitability , t o .!E. Vi t ro, cu lt\ur e

a nd nodulati~n" by ~. ,l s s umi nosar um. Th.y~portad tht t

plants ' .f r om the' gen~s Y!:.£.!! ws~e most su i t ab l e becau se ' they

~an be gr awn moat ",aaily i n t eat t~bea .. owi ng to their small

size . Nodules were fi r s t v is i b le i n y. hirsute 4- 6 d ays

a f t e r i nfec tion but 'pl a nt s "'e re " medi.um-s~zed . In y. cr ,l1cca

nodu les , vere fi rst vis ible 13 days afts r infection bu t

plante wer e elMl ~-eh:ed.

Vida ee eeee :i.s a rhi zoma tous p l a nt s o ' i t may uss
- --- ' . . 'v .

vsgetativs "'growth to ppread 'nd.colonize av a ilab le sites .

~------y- ' - - ' _. ,-
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. - . .
~'.l~ersely .there .,1e ,om~ eVidencathat".y. ~~ould

spread by moahs of animal'll;, which ingest the s eeds and

s~arifY th -em' dur i ng pusag~ through the int8ltinilr\r~ct .

See,da requir,e I . rigorous 71d SCitrification tr_~~ent for

a p p r e c i ab l e _germination to occur and acidic ~ecret\OnB of

the sti:mLach are used by ~ny vertebrate ' animcJs \

(S~hntitit-:,"Ni~18on. i9~~.)P .176"';B ·): , ."i n c l u d i ng , ~'i r~8 {We l t y,

-:-'19 75", p .~2~, t,O."dsgrade f60d~ A~IiO• . ~ ... .crlcca . seed: ::.
poeeeee an inhibitor 'of the intsatinal dige~tive.'protein.

tryp~in ( s~ndber9' 1970 ) . ' There ill, hOwev~~ . , no ·· ~vid.nce to
• \ . '. . " , - .~"h· . ... :. -' _:-'''-.•

judge ~h.ther y. ' c ra.cc a ssed,s are eaten .by any ~nimalB~80 ;. :---- . ' . -.

t h is in~enction 'o f plant and ,animallBpurely ·s p8 cu l a ti.ye . ~ ..... ,
......; ';'- ,

2 • . The 'Bac t e rium
2 ,1 Aspects of Growth

2 .1.1 Growth Rates 1.:'
' : )

( " . \
A ,c?mpa r h on of g.rowth r.itel 'indicated "t.ha t ! . sp ;

vc ._,~ 'is ~ f~lIt-grorin; st-rai: ' ~,ince ,~t8 mean , ~~~er ll. tion. timr'

wal markedly 1e88 than .that qf a knoWn fa8t-gro,wer , .a.
leq~inosarum. and ' 1es8 ' than ' ~ne-ha i. f that 'o f a, knolin

lI'io~-9rower. ! . " j a poni c UDI. ' F~ ~t':9rowing rhiz'o~i~' are'

repOrt~d to. ~ 9rOv ~l.ICh fa~ter (le I s tha.n ontl"-half the' ..

doubling ,time ) - ,t h a n t~e 1!I10~9rOWe!B (E1k an, 1981 ; p , 7 ).

I"
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2 ~1 .2 . c a rbohydrat:e Us e

I.

f

"

!~ -ep , VC~ 2. _and-~ .' . 18&um;~~;arum l28C56 ~ere, oa pable

qf -'us i ng a wide rang.• of, .cerec y drat es ; t h is ' ~roperty 4- . '
ch a ract e r ist ic of -the fast-gro.... ·r h i zobia. ap~ of ! .

ie~umi no~l"rum '(V'i~~entl ,1.911).

. ...... 2 . 1+ 3 ·. Effect of 'c'ar~hyd~ate s ou rce.o'n T~t ll. l Growth
' j • • '

I t is poss.ible -tha t ' the by-ploducf::s. o f , ~ lucoB.e . xylO.BB

! . a nd . rna~·nlto l )catabolia~. such .a s aceti~ ac~d ~Vlncent ; .­

191 7 )., are different i n' form or q ua nt i ,t y and these compounds
.. .

. are. r e'eponsible f or ,t he differenee e i n 9r~h that were

• noted . The by-p[odu~t8 o f 91UoO;~ and IIlann itol are , not

"'><" lik ely ta be d ifferen~" i~' -fo rm s i nce gOluco s e an d mann itol,

' ~te .qui t e dmlIe.r in atructure a nd, i n R. ~e liloti.
metll.~ll z.ed by t he s allie pathwily( kons on and Primro.~ e, ..J..919 )~. - --1''c'--;--

Botll ·' carbohyd r atu we r e pr·e&.en~ in nea r ly eq ui"mOlar

c.~~c8ntration8 - ( g lu~se at 55 .5 mM'-and ' lIlann i to l at 54 . 9 mM)

eo ~h8 .amount s o f i nh ibito ry , or ~timulatory. ~y-product'e o f

h8 7;088 metabol ism ar e essent ially i de nti ca l . It e~.8~ mor e

1,i~~IY ~ that , t~e ~r·~a t.~r ~~t~l ~r~h' readz'~d~ bY
marinitol-conta+~ing cu l t ur e e ove r gl uc oile -'co ntain i ng. . .. '

C! cu l t.u r es r eflecta gr ea t e r an erqeti cal efficiency in se curing
" .

a nd ox id izing lllannitol. If' Rhizobi um ep . ' VC 2 uses the
. _. . --- ' J ' ..

s ame oxida tive path....ays for gl ucou arid manni,!:ol catabolism

----"'" l
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then the diffe re nc es in e nergy efficiency probably r es ult

f rom reactio~s t h'a t prec:ee~' en~ry bf glu~se-l.~ho8Pha·te
......i~t~ the triC.:boXYl}~ 1I~~d' cycle • .~n 'examp l"e o f an

a ppropriate reaction is tran s Po rt ' of .manni t o l , a c r o u -. t h e

' ._ cell membr ane by lI1annit~ l ' p e rmea's e ve r s us - t ransport e e\ - .
gluco se by/~lu~o8e penne~se.

. . " , " ;
.2 . 1 . 4 ' ..Ef f e c,tot N' t rorn._Sdurce; o~ - ~o.ta l q ~owth\ , "

Th. -~;,~ . it; o• •: ec u r c• • • up~r~;d .•i .nifi" 'nt·i Y ,

~" di ffere nt amo unts o f ba c t e r ial - g r owt h a.ltho~9h the' f1n~l' 'pH8
. ' . . t

o~the ~ed~a wec:not , ~PPir~ablY ' di:ff~~e~t. ~ .- TJ.te .

d if ferences ~n growth of~ . ep, , 'VC 2 su PPC?! t ed by the

va riou s n i t ro g en eou rcse may re,~lec't d i ffe rence s i n

e f ficiency ofn'itrOg~n Il9s iiuihtion or diffe~ence8 _ til the

\. ';':';mt .-;'d.i.Y~bQliG-by-pr~t "a~e " produced

_~}_ . ·.Wh,e n t h e d~ffer~n~ n1tr~gen , so u rces ~ere u~ed • . :"" .

• e:xpe z:ime nt. ind icated tba~ the ,hO,late ",al able .t o aalimilate

a l l t~e ni t r oge n sou r ces that w,era S~Udied l the nit r o ge n

s ources tha t s upport ed t he IllOs t t.o t a l gr?"'th shou ld e c e .b'; ,

i nter p r e ted a8 ,t he 'prefe rred ' n i trog en ecurcee ~f th~

isolat s • .

- /
I

I
i·
\,
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, , , __i:--, _ _ -,_-'-,-'_
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2. 1.5 Eff~cts of Temperature and H\ .

soi l temp1rature" and pH ' pr ob ab l y ex ert great infl~ence8

9n t hl! de nsi t y. a nd composid.on o f t h e Rhizobium Boil

community sinee there a r e. aI!p.reciable differ,encei i n th~

oPtimal a nd ~toierable limi 'ts of these va l ues' among rhizobia .. . .

50,il te.l1lperature and pH a r e i mpo r t.a nt to biological
\ . .,

nitro~en- fixat.io"~ i~ l egume s s i nce t h e number of suc;cessful

i~fecti~ns, i . e . nodules "fo rmed ' per pla~t , i~ ro~gh lY
. " -.- : .. ' , ) .

proPortiona l t o . the ~ d,n8ity o f bacteria l c e lls (Pu rchase and. , . . .' . ,

Nu:~~n . ·1951 ' Bhuv~ne~W~ri.!!; !!; ' '19 1 71 . Rhiz.Obi~"sp .

' .-- " VC 2, produces "'greatil r ' b<!Icteriai densities . a t moderate

temper~tur~a.. (20 ,C.or ~4 , -C' ve reue 30 C) ~~d, a t ne~tral o r

a l k a line plf values 'r a t h er ~han at. acidic ones .

The , growt.l?- reepcnce Of!. lip . vc 2. t o hig~er

..

. .
. incub~t~O? te~erature~e ; .!..!." decreased ·t a tai. .~r.owtb a nd

' .-J ~nc reae~d grow th . r a te" ~as .not p revious ly. been ' repo~ted ' f ?r . .,i
any strain o.£!. leguminosaruni or any 0t:her RhiZObium

species : ID>w:ver ~ a 's i mila r pattern o f gr 'owt h has be en :-8': ..

pp r t ed ' '!,?r a psychrophillc Bac i llus iaol~te (St oke s , 196 8 ) .

,I n. the latte r " total gr owt h inc~eas,ed a.nd ' generat~on times

' d e c r ea s e d with i.ncre~sed inc'ubati~~ ,t~~.peratures ov e r · t h e

range of , 0 , - 5 , 10 , 15 , 20 and 25 c.
/. r .

St ok e s ( 1968 ) not e s tha t . t~e reduction i n total growth '

a.f psychrophile s at h igher temperatui~a .is "probably due ~o.

heat- labi le ' enzyrue eY8~elQ8 . The decrea llB in · t o t ai g r owth o f

J
._ - --_._._.-._- -- '-
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B..... ap . v~ 2,. a t ..l) ig her temperatureB~ is p~obablY .~l ~O dU~ . t o

heat-\abile enzyme "I ya t eme '. I '
. Tot~: 9r~h of g. ,,~ . VC 2 i n in~ ular Newfound la nd , .

so ila is p r obab i y limited by 'laoii pH dnce '. o ila a re

typically- i!I.~idi.C ~\\ havi~9 pH 1a.l~6a a t . o°c belO~ 5 :0 ~pag8.'
197 1t Nil.e s, - ~.M •.\- 1980 , B. ~C ' , tl1Ub, .!'!.U . N.) , and 81 o.c 8

the ba c teri Ulll sh ows,li.t tle growth ove r t h i s pH ra nge . The

. . \ ·1 . . .
, ~~~diC c~nditiO~ s ..mi~~t d ,SO be an indl ~e ct . c Ollatra,l nt ·~o

nod u lIl;io1 of lJUi1.ab l~ .le9ulDe~ if 9rovt~ o"f g. sp. VC 2 -is

r,e8 t ri~ted sin ce fewe-~\b~~t+ia ~.Uid :b~ ' pr,esent .. t.o cause

nodulation , Lie . h 969 h reports t hat s: l~qWllinonrum ' ; " .- · ·

fltrdn PRE f orma a~fe~i\~'l~ fe~er'~OdUl~_~ on Piaum ,8.a tivum •

, . U , "acoac ' .. ..""1.[''' ....._.... 0 - j

2.·2 ~~~tin Bindin~~,e~ty\

> . . ' . . 1\ ;, " ..
' . ' Th,~ .Yo crac~a lectin 1id \~O~ b!--nd exC l~~,iVel Y , to

. . rhiZOb,i f of th,. g . : ,l~qumin~saru,~ cron.~nocuLation. group ,80

. ~· :::.~:l:i:. : ' :::o:.,:~PO:: ~ :::j: i::. ':a..:C::i::::,e(::::.~bee~ .,
I 1 , '

reported by II. numbor of oth er.worker s i ncludin g Dazzo and

. HUbbe{ l '(1 975 ) . chen and ' PbJUiPS" (\976) ; Law and St'rijdcim

, • ( 1977 i~ , and WO~g U9S()) . ,.1, 'I • \.

~' !Vi Ch ~r~cca lead. po~~~n ,t~o l~.~tin f ractiona witt'!

diet-lnot augar ':. pec i fic bin~~ng llffini~ie8 . The,'t wo ' l ecti ns

I I ~ ,\. .
-_~ :_+ ,_, _.L
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. ' ,ro.en... IndU~tiOn ' n Fre_L,v'~'tur.,

~nd Car bohy dr a t e 'Ef f ec t

ar e known to interact ~ vi t r o ( Ba~nn ~!.l .• 1980)

altho.ugh the pr~uct h a ll no'!;. b'een ,.cha~'a. Cterbed W!;h r ega rd

to ito biochemical properties .c e phydological r ol ,e in
. ' . . /

nature . This lectin co mplex may be the basis o f the

Rhizobium r ecognitio n Ph'enomen\n ,in the Vi cia cra~·c a.'"-.- . -'- - -1
Rhizobiuni lequminQsarum s~ioai8. I

. _/
I 2. 3 .! Th'ec~tala s.e and L.itmua M1.lk Te8t~ .and the .'lram ..

..- '1'; Rea c t i on'

~ . . . . 1
The catalas e llnd litmus milk testa a nd the ,Gu m

' r ea c t i on were useful" aids in preliminary identi ficati~~ of. . . .
. ~~he isolate .. \
\

. \

\.'"I,

A number of ca r bon aourcee supported . ace t y lene

iad~ct1on in free-livi~9 CUl ture:' Of '!. ep, vc .2. Th es e

JOBu ; t e were;" n~t unexpected' ~inc~ !• .le~no8ar~m ilJ.1nd· ·,

'ot he r .~alt-~ro""ing rhizobia can uae a ' variety of ' carbo n
I ' . . .

. ,ourc8e f or growth on artHicial media {Vl nce!1t . 1917 ) and

f'or reductio'n 'of acetyfene -In:pu re" 'c ui t ui '. - (Sko tn1cki .!i'
~.. . ""). The ",ow~.r~'n. rhho", ere more " , tid ' oue

J i t h re~4rd t o the :car~on . ~o'~·rce . ~n ....,h l ch . t h ey c~n g row ,



(Vin~~t , 1977 ) or reduce,acetylene (Kun an d LaRue , 19751( . \

The la t ter au.t:;hors tx. and...!:..J' reporte d t~at a-ce....pea~st",ai!"
. . .

S O,' Sp ,\ .32Hl , . only _: r e d uc,,:d acetylene i n pu re cu ltur e when

more t~an one ca rbOn source was a va ilable . The reason s f or

th e mul t i p le car~on source requirement are' unknQwn •

• ' Kur z and 'LaRue (19 75) fo~d N"ase ac t i Vit) In , R. '
'- - . . ' -! ' -

1Jag'UII\ino8ar~ TAl Ol on LNBS' mediWll with XYlose··~·uer::ose

. . :,~dd~d bU~ - theY· : ';did ;.~ot - , s tat~ what -o·th,~.r ' c~~~on!~' -~r .

.~combination s , af ca ,rbo n -. sources! alS~ s~PPol!~ed ac etYlene. )"

. r ,educ t ion in f ree-living cultures o f S' UlqurninOsarWIl..I '
; Jkotn iCki ~!!. (19 79) . reported th~t a s pectinomycln- "

. ' - - . ,
. re sistant : s t rain of !!. lequminos arurn .r e duce d a ce tylene

:.. if ·gr oGn on a mannito-i-c~nta'in'ing Jn9dium and then trans f e r "

. red' to ~ medi:m thOlt cO~;~ined su cc i na t e as . t he adde d

ca r bo n so urce .

st:~dies o f subs t rate s . tha t s uppor t e C! nitrogen fixation

i n bact~ ~OJ.d g r et>ar ations (Berge rsen , 19.7?J , Trinc~. i 981 )

indioated th at hexcee s may b~ t he do minan t substr a t e s

- ....: sup plied ' t o th e ba oterium from the plant . ,Thi s viewpoint is
. ; - ;: --

b as e d on seve ral observation s : : glucose and , sucrose a r e- e be
. .. .'

lM,'in photosynthetic product 's translooated to root nodul e s. .
~h"~'~: '1195 8 1 Streeter and Bo~le r , '19i6 , Singh ~ !.!..,

1980 ) anC! selJe r~1 enz ymes r aq ui red f o r hexos e use have been

is~lated . f rom bact~roi ds .of assor~d r hJ. :o:obi a (Wong !! !l.,

197i) . Also , . 91 u~o se and suoros,e _s tipp1Jr t ac etylene

re~uction in bact_srciids (Trin ohant ~ !!. , i9811 at oxyge n

.,
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tenaiona that a re eommenllurat;e , with ' va ~ue ll r~cord.ed f rOllll

n odu les - ( W~tt~~l)erg ~ !!'. , L97 4) Th e , o ~g~,? i c acidll

lIuc cinate , fUla4rat. and pyruvate '.lao lII!upport aeet)lutre

reduction: i n pure r:'ultur~, of r hizobi al ~c~~roid8 and , som.e ,

a.uthors (Ronllfn,and p~b,ro"., 1~79 ) belie ve t h a t th~y . ra,

th~ dominan,t .ubstrate. e UPPli&d.~4 the p la,nt t~ "t h e

,'. , ' bacteria . , HOw~er. e uccinate ' doe'. n~t ' ~ccur "j,n t he ''ho s t '

nOO:u'l e , ce ll s ( A'~O~i~ ' ~nd ·s pr e nt . 'l!J;8)..~nd 'i t." r~q'"ulte .' ~~Ch
h igher", ox y ge n tene io nlil to" 8uppor~ comparable iat,es :,Of .....

, ace.tYlen il\' reduct'ion th~n: do ' 9 lu;c~se or, su cro"e (Tr ,tncb ant ~
.i

..
r · .
r :

i '

"2 :S I dent ity ot ' t h e h o lat e

..
Rhl:r;obl~ ep . vc:'2 . an ie?late frora nod u les :Of Vic la

c;acca. aieplayea 'aU t h e eh araete r i.etiea. c i t e d- by~~ . ,

Manua.l (L!J7~ ) , fO~ !. leqUDUn08lllru ••, ~ Tlie 'h~ l ate , therefor'e '

' appear~ t o b~ a wild. at~aiD of ,t h a t '·. pe el e e .
• .:: ,. : \ . : '! ",

~ . ' I~~C~t10n. ~~~r Agricultul .. a nd La~~ ·Man~g~ent ',.' " , · ', : . .'.. ' ,
The Vicla~-ahh:obium l eq umi no .aru m 8ymbio~ l e c~n ,

'De~a 11.8 a co nno ient mode l ' {or lItu"aying t."h.e Pieun! slltiv~

(p'b.) ~ .!! . leq~ino.arum 8ymbiosi8 b e cau..'..th~ former can

be more eadly cu ltivated t h a n t h e latter • .' The . 1l(tri1?u t.e,~, .'

' : '; .

,. ' ':' :r

l
1:'

. ' .110
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o~ , t~ e. ,,~icia-~ Symbi'o8i ~ are' di~c:u8se~ ' abov'; ~n t he '.

'Gimtli~a~i~~ " sect i on a t :"the Di sc. Ussio n-.

."

. . ." . " ' , . . . " ,,' . - .'
'. ,~ ,Th,e.. s.e(:'on~, '~.j ~~ ~gr~ Cultu·ra·l, ,,~pplica~i.on . of \.b{~iCia

I -.: ~rac:a-~.. . lequ~inosar ~iIl . .!I ymbi.qS ~l!I , ~uld~e as .8 8olu~e _or.

n~: ~e.~~t~.Q: ' IlIater~~l: f 9r ,~~e ~omme~c+a~ ~~odu~cer~ ..of legu~~ , •

il).o~ula . In .t"hi ~ re spe~t..' c ow · : vet~~ nodules ca~ b.e t;ho~9,ht -:

. o f 'a e . ~ lU:ira.ri e!l,· of ba~~~t:lal , ge'nc;~ype li! ' tihat have be.en

;~;,::,::,6:,';~,~iS:, t~,;~,~,~, ::, :~~S~t::,~' j '
, ! ~~h , ~' ·"'!d ~~l~,~nc• •\J.i" : ' ~t'~i9": fo",a,"\"ro~~: ' ,'.,,'. '

., ' . :r~e: Vi_cia~.Rhii'obium le9Uminosar:uI1l~¥ als?,

~ ha 's '~O~S ~d8ra~le ' poten~lal as ',a -~ean8 .ec ~tilrd ' e~~~io~ ' a'n~

,"

L

(

: .; - .
;..
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CONCLUSIO~/

~ '( . :.
. 1) ,The Vlc!a .££!.££!':"'~ e p , VC 2 lIymb ioah

fi'xes atmo spher i C, nitr~e,,! at r a t es commenllurllte ",ith ~~her

....,. } l !.c'

..z -) The 'Rh izobi um b ola,ted .fr~m Yicia c~acca root

nodules is a ' wi l d tyPe 6 f .!!. ' · legumin~arum.

telb.p';l'llte , 1~9ume epec.r e e,

3,1 ,.The Bymb~OVS is" sImilar to thi!l7 o f ' t h e ,ga.r d lln

pe a J Pf aum sati vu"m _ L ~ 1, x~ l e gUllllnosar l.lm' wit h r eg ard

'to 8h~_~e.~.. de~~l~~llIent ',!.f the nOd~~e , · a nd wi t~ " r egard ~t.q,
. t h e 't h e ge~erll. l ~hlirabier1s ticB ot the bacteria l pa r t ne r .

,,- ror ' t~"e B E\ 'r ea eon ll . - and bec aus e~. crace;" s eedlings 'can be

9;~ m:ore e.~B·ily. .!E. vit ro th~~ 'PB~ lleed·li~gB • . the Vitia .

~~ Rhizo.bium l e guminolilarum sy mbi os i s holds p rom i s e a s It

, " ~ t~l t ,o fll.cll1t~te investigation' of the pe'a ' symbio s is.

\.. _ 4 ~ The Vici~ ·c r a c c a- . Rhizobium l equminoearum

sym b i o s is i s po tential ly use ful i n ·i and rec l amation '·and land

:~n:iaint. llna~~:.' pro j e ct.s an d' ~s 'a s~urce of, n ew genet i~ tnllteria l

fo~ comm~rcial producllt'lf Of ' Rhizobium i noc ula ... ---,
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APPEND-~CES

Appendix A-' .Re: fl'!ren9~S t hat Pertain to symbiotic
Nit r dl'-!e n Fhation in Ybili, c tacca

As~l (19 44) ; u~ber fl i'~ . -.HYkOr;h ize nbi 'l d Ung dec;
,tI LegWllinc:,se n- Pf 1anr:en. . _ . ' -

- , Henti ob , nodu l..af.ion 'pf y. eracea L. _ ve e ,
japonica Hi q, in ',J~pan .

ASPbS~~~g~~in.t~ft~~U~dn~~-:r~i;f~~a~~~~- •
- ,IsOlat(ol}. by affinity 9\rOiiia~ographY. of gl ue os e­

binding V. cr ecca s illed lectin . '
Baumaqn e t a1:- . I9"197""A _compa r ison; o f t l\e t ....o ' '

,; . " l e otrna f :r:om Vi cla c:r:at:d.. . ' , '

-- , ,~~~IT~:i~:~~, ~·v~rc~~~~:~;~:~ ·.,cr~t~ria . -: _~f two

. BaWllann e t:.'a'l. .-. :19Sf .ACi)iiipa\:;~spn6~ tlie t~ , ' . ,
· l ec ITn"ii"'"from Vicla 't:r a t:ca . ' , ' '-' -. .

, - , Previous ' i n fo r;;arron ~lua d ata:.on an t i b od iee
. of ,o ther l e c t i o s ' " ' . : . '. ; " .; '
Caz a l • •and La l au ris . ,l958 ~ ' Rech e,r,ch e a .s u r phyto-

agg lut, i nine's ~pecifique,s dell; ~roup,ea

san gu i nSA 'B "a ' .'• . .' " : ,' " -, _ ' ' .; _
- A s urvey, o 'f the h!lmag g l u,tlinat1ng propert i es of :
, sqin,e, c r ud e , leglWl~ ';,xtract a : . , " ,

HO~ej~~~t~~= ~~~~~~:~; b~~~~ii:f~r~~~:~~~g~~;~y
; on ' o-glycosy~ p o Lya,c r y l.ilDid G ge~s • . :' . : .

· - ' I s olation ' a nd ' b ,i ochem i:c::a1 .4 na l ysia b f pure ,
. l ecti na from a ',variety o f organ~am8 • . · , .
. " i ncl.udJng~·,crljcca . " . " ~ . I-

Kaf h i ' and ,Gahmb e r g.. , 1980. ' I s ol a t i on a nd .
. eh arac t'erizatiqn: of the . b ll:!od :9rouP A-

8p ecl. fi e ,leetin 'f rom Vida c cecce , ' .
- An i s olat.ion procedur~. an d a 1:liochemica l '

~ha,nc_terization of . Gal-N-Ac~lIpec;: ific:
v. c recce ve e ee lec tin ,\,: -', , " : , / .

!<r;st~;~~::~O~~~:h~B~~~b~~~~4r~~:i::~~~tance , A

• _ .~:e~~~ i:; ~~~~~:c~:r:;:::~~;~~~~i~~n:~9aro.~e _ \
a ffi n ity 'chrOlOlltogr aph y liga nd ' . ' .

Pa te. 19 59 . The ' iri fl uence .'o f .var i o us environmenta l­
' fa c t ors ~n ey1llb~ot1e -e zpr " . e1 on i n th,e- v e t ch , '

.. . ' (Vida' sativa ' L .) a nd othe r l eg umes . .
- S~a.onality of growth a nd nod ula tiQn in

Vioi a c r adc'a ~ nd ,~ther .l,.gume8 . • .
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Appe nd-iX A I COtl L ) ';" Referenc8sthat Pe r t a i n
to S;ymbiot.ic Nitrogl:!n

" Fi x~ti~)tI in ·Y..!.s.!.! crecca

\ ' , ,
. Ruediger . 1977.• Pu rification and: P!op~r~ie" of

blood group-specific lectin" f r om .
, Vicla c racca ' . .

, , ~ Met1).od~olate a l ec t in fract, i0!l
t hat , binda' spe,clfically to ' Ga l -N''''\Ac

.Ren'konen, ' ·l94a. 'S t ucU'e s on herllagg lutinins present

(2..' , i n seeds o f som.e r ep.,. ". sent.il t ivee . o f Legu~inciaae
" - AsurYey o f the ,;hemagg,luti~ating propert1.8111 of

: 8ome .crude e xtracts .ce l egume e e eds " ,
~ 'St ap p , 1 923 . Beitra ege zum s t adi um der :

~ . ~ ' ~:~~:~~,~r~ir~:i~a:;':6 ;i~che!1'i 8 C~e . ,

-: ',Report. of tyrosinua' activity ' Ina Rhizobium
t1train i aola ted f rom V.craccanodules

. _ - ', da t a added aftell defense--ofthia . th.e eie
': S·~ndber·g.l970. stmult a ne ouB ' .1a o l a,t i pn '~f .t r ypai n

" inh ibitor· and ant:i. - A phyto-hemaggluti nin
'f r om Viola cracca s e ed by means ,of

, b~ollp;cmo absorption• . : ' .' .
..r . Use .of tw o abeor be nt-s to separate pr o t e i n

fractions f rom a . s l urry of y. cracca s e eds .
Tsehi.rch, .188,; B~it:rae9B ·zu,t. ke nntiss der

" ' ' wu"l"u l knOe.l l ch en ·der :'~ e9umiholi'en ; .Be rl ch t de r
, . ' ne u e ee n en. Botani,ehen ~~eae l,sehaft~: 5~-98

•.~ . ~:~~i~~d~~ *ft~~ad~fe~~:~~~ ' ~~~:e t h es is
.Va n Br UBs(Jl e t ai • • ·..1982 . · . ' ,

' Sma ll LeguiiiI"hosa'e ,.a s tea,£. p,l a nt, s for nodulation
of Rhi zobium lequ minOilarum and o1:-he r
rhi~ ,Mrobicteru ha'rboud~g a

, s~plaeml" .:· .' .'. ., .
- Mention of V. c raaello •.and other s mal l

legumes . nod u lated.'tly 'R. l eg urni no s arum•
. W~ lson', L?39a.Leguminou(II p lants and t hei r

. a8~qciilted :9 r 9a niem.!l: ' .-
- Y' . e rapea, ~ae nodu~ ated by~rh.i zobill· i so lated

f.rOlll.~ esqul~nta . ,vieia~ a nd Vieia •
VU~.OSllo var.~: - •

' .
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Appendix A (cont .)- References that Pertain
to symbiotic Nitrogen

Fixation in Viola~

wilson . J . K•• 19391:.. A r~lationship between pollination
, and nodulation of the Legumlno811.8.

- ~~~i~~~~II.~~~rD;~ ~~~i;:e~~e~e~~~~~~;~~~t~~ih 3
(unspecified) ' strains from II. diverse collectiqn
of 32 Rhizobium . strains

Wydler, 186o:IUe'Iii'ete beitraege zur kenntnisa
- e l nh e i ml s ch e r gewlI.echee , .

Flora 431 .17-32: 51-63, 83-96
- this paper not "r e ad \
- data added after defense of this thesis

'.
I
I
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Appen dix B - Effect o f 'Carbohydrate Sou rce o n', TOtal

Gr ow th o f ~. s p , VC 2

Growth *

Ca rb oh ydrat e l ,

Mannitol 28 2r2-77 .S 32 2 . 5 294 .2

( -( 4 \ . 9) . ( 45 . 0 ) (52.3 ) ( 47 . 7)

( 'i ·· .. -
( * ) Va l ue;s not in ~rentheses a. re . turbidity

r ea df n 9s gi ven In Klet~ ~nits;values

in parentheses a e mg dry weight pe r . ml
equiva l en ts ' \\

!--) mi s s i n g. dat~
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, I '
"ppendh: C (a ) Total Growth of R. lip . vc 2

. o n Ma nh art and Wong ' . ( 1979 )
Defined Medium wi t h Various

N!trOCJen Source s

Tu rbid ity (Kl e t t ~n lt. ) •

"

lI . d .

i
i

t h reon i ne 35 3S 37 35. 7 1 . 2
hO"'Ollerine 76 73 72 73 . 7 2 . 1
KNO:J 78 76 76 76 . 7 1.2
aspart a t e 68 82 80 76 .7 2 . 1
9 lut&lllat e 99 . 9 5 9 2 95. 3 3 .5 •___-a=- :.. :.__

J

i

\

I
I
I

I
~' .L,:..-!---'

'.

...,: '
- - - - - ---'--,"-- ,.
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App e ndix C (b ) N~n-paramilt'ric Multiple Comparison
o f Tot ill Gr owt h o f , R. ep , VC 2

on Manhart and won g ''ii Def ined Medium
wi t h Va r i ou s Nitroge n So urces

Tr e atments Ca l c ulated Table
Compared q va l ue s q values Conc lus i on

--------- ----------------
S YO 1 4 . 6 4 76 . 3 . 8 5 8 Re j ect HOI

Th. t u rbidit i es
are "t he eeme

~ vs 2 3.6824 , 3. 633 Re j ect HOI
\ The .t u"r b i di t. i es

are the .om.
S ve 3 3. 37.3 1 "3 . 3 1 4 Re j ect Ho.

Th. turbidities
a" the .....

S V B • ,4 ~ 629 2 .772 Re ject Ho .
The tur b idities

'" 3 . 3 6 2 7
a re the .om.

• va 1 3.63 3 Accept HOI
} Th. turbidities

a" the .om.
'<Ihere 'rrea.tJllent 1 r e p r es e n t s threonine (~na
s im i lar l y ) ; ' 2 , hcmoee r-Ine r 3 ,KN03 : 4 , aspart i c
ada and 5:; g luta mi c a c Ld. .

I

..

.1 .
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Appendix 0 - Total Gr owth ' of R. ep,. " VC 2
a t 20 C and 3'0" C

\

Turbidity (Kle tt Uni t s )

Temp e r a t u r e 20 C 30 C .

\

lIours Post­
Inoc ulat:ion

Milan
S .D .

9 6 123 96 123

25 0 .0 25 5.3 1 9 9 .4 204.9
1 0 . 4 11. 4 4.1 4. 2 . '

'\ ..

L: }'r
. '.-".
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Appe ndix E - Effects of Temperature ' a nd pH on

Total Gro wt h of .,.g. s p , VC 2 .

Tempe r e.t ure 20_ ..(!/ -

-----~::.~------- --~-
p H" 4 .5 5.5 6 . 5 4.5

30 C

5.5 6 .5

32 11 0
46 . 16 4
46 166

26 .
2 6 2
25 2

•12
12

150 2 0 4
132 2 18
14 0 · 2 2 8----,.------------------------------------------

mean 41. 3 16 6 . 7 25 9 •.3 10 . 7 140.7 2 16 .7
s .d . 8 . 1 3 . 1 6 .4 2 . 3 9 . 0 1 2 .1

Value s are :K 1~tt ~n its

j, - (

I
\
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AP~endi l. f' ~) - Ni trogenase Activity of

/

Fr ee-Li v i ng R. li p VC 2
Crown on uoes HediUIR with
Va r ious Carbon Sources

Ca r bon
Sou rce

a rabinose

8UCr OsE!­
arabino lle

ga lactose '

N' alle
Activi ty

3 . 56
2 . 90
3, 06
2 . 63

1.81
2 , 90
2 .74
3 . 52

2 . 31
3 . 41 '
3. 15
2 .31

2 . 96
3 .67
2. 96
3 .19

Ca rbon
SOur ce

_ nn ito l

eucrc ee­
mann itol

xylose

. lI uc r o ll e ­
lIy10 ll e

N'as e
Activity

2. 50
2.24
1. 8 4
2.19

' 1. 5 9
1 . 88

· 2. 4 5
2 .53

2,39
2.21

! 1 . 8 1 .

1. 9 5
1.95
2: 32
1.90

i ,p uc r os e- 2.15
s a1actose J . 31

2 . 70

~~'-~~;~~~;;;:::-:;~;~-~~~~:~;:;;;;:- .'

of etby1ene/cu1 t un / br •

,.f. " ....~:~
:/ . '

i
~ ,



.
r

- 121 -

Appendix F (b ) - Sample Ca lculation ·o f Ni t rogenllse

. Act ivi ty i n Free-Living !!.' s p VC 2

with Ar ab i no se as th e Ca r boh.ydr a t e

Gourc~ "

.1

Step Calculation

~ak height

e qu ivalent amoun t

o f e th y l ene calculated

f rom a standard .cur ve

(1.08 x" 2. 67 )

vo luljlEl cor rection

(2:88 x 3.7 0 ml )

time corre ction

Val ue

1. 08 ~ncheg/culture

2.88 decimoles /culture

10.7 de"c!mo l es/cultur e

3. 56 decimo~es/cultl:lre/h

., .

~I
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Appe ndiJl G - NUlIlbe r of Nodul es ForMed on V. crace..
by Thr e e St n ins o-f Rhbobiuii --

! . l e 9umi no s aruIll
------ - - - - - ------- --- --

. ... j
~";.

r:

97H3 l 28CS6

1 1
3 ,
• 1
1 0
7 .,
6 3
6 • 0, 1, 0, ,
3 ,.
a .

. ~
. 3 s
1 2
1 f 7
0 .,

Plant !!. ap . VC 2

1. ,
, ~ 0

3 1
4 3
, 0
6 ,
7 1
• 7
, s

10 ,
11 ·· 5·
12 . 3
13 3
14 ,

.15 7
· 16 2
17 1
ie 6
19 1
' 0 3
21 6

" 623 ' 5

" 62S 3

:~----------=.::_~--------------~-----------------
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t
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I
I
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