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Transfer of Virulence in Rhizobium trifolii 
So far, very few reports concerning transformations 

in Rhizobium have appeared. Krasilnikov1 reported 
as early as 1941 that non-infective strains turned 
infective when they were grown for several months 
in a filtrate of a highly infective strain. By ultrasonic 
tr~atment and with preparations of deoxyribonucleic 
acid (DNA) Balassa2 •3 has obtained transformations 
coi:_i~erning several properties, for example, infective 
~bihty under form~tion of new host specificity, 
1i:_icrea~e or decrease m nitrogen-fixing ability, varia­
t10n m colony types, and changes in antigenic 
structure. 

I happened to meet with a case of transformation 
~ R~izobium trijolii. As part of a study of the 
mfect10n process a polysaccharide was prepared from 
an infective strain'. As it had been observed (unpub­
lished results) that inoculated plants formed nodules 
1-2 days earlier when this preparation was added 
the polysaccharide was added to plants inoculated 
with a non~infective stra:in to see whether it might 
help the avirulent bacteria to overcome the infection 
barrier. 

Th~ clover strain A used in the experiment 
described here has been studied thoroughly by 
Nutman5 •8 • The original strain lost its infection 
ability in 1940 (called Bart A), but a virulent line 
(A 1) was contained in an isolate from a nodule 
produced by the original strain. A 11 is an avirulent 
and A 121111 a virulent line, isolated from A I. 226, 
the other clover strain, is a Swedish strain isolated 
by Bjalfve and so far as known not related to the 
A strain. 

A polysaccharide from strain 226 was prepared 1 from 
~ 2-wk.-old culture (Dorn's A 5 -medium8 ) by precipitat­
mg _t~e wh?le culture in alcohol, dissolving the 
precr1:ntate. m water and sep~rating the cells by 
centrif?gat10n. The clear solut10n was deproteinized 
acc<;>rdmg_ t~ Sevag•, precipitated again, and dialysed 
agamst distilled water. After another precipitation, 
the preparation was dried in vacuo and a white 
water-soluble material was obtained. 

Seeds of Trijolium repens (var. Morso, Svalof, 
Sweden) were germinated aseptically in tubes con­
taining slopes of Jensen's seedling agar. After 
2 days, they were inoculated with a few drops of a 
suspension of Rhizobium (Table 1, series 1-8). 
Immediately after inoculation, 2 mgm. of the 226 
polysaccharide in water solution was added. The 

Table 1. PLANTS OF Trifolium repens INOCULATED WITH A VIRULENT 
(BART A AND A 11) AND VIRULENT (A 121111 AND 226) CLOVER 
BACTERIA WITHOUT ( - ) AND WITH ( +) POLYSACCHARIDE PREPARA· 
TION FROM STRAIN 226 (2 MGM,/TUBE). EACH TUBE CONTAINED 
10 ML. OF JENSEN'S AGAR. THE NUMBER OF NODULES ARE MEAN 

VALUES OF FIVE REPLICANTS 

I 
Appearance 
of the first Mean number of Poly-

Series Bacterial saccharide nodule in nodules per tube after 
No. strain addition days after 2wk. 3 wk. 4 wk. 

inoculation 

1 Bart A - - - - -
2 A 11 - - - - -
3 A 121111 - 10 3·3 8·5 12·5 
4 226 - 9 2·7 7·0 10·0 
5 Bart A + 9 2·5 7·3 9·3 
6 A 11 + 9 3·5 9·0 12·0 
7 A 121111 + 7 6·7 12·0 15·0 
8 226 + 7 5·8 8·5 10·3 
9 Bart A - - -

10 Bart A·2 - 8 4·2 
11 Bart A + 8 6·4 
12 Bart A·2 + 6 7·4 

appearance of the first nodule in days after inoculation 
and the number of nodules after 2, 3 and 4 wk. are 
recorded in Table 1. 

~acteria from ~he nodules produced by the formerly 
a virulent Bart A m the presence of the polysaccharide 
were isolated (Bart A ·2). The colonies had the smooth 
appearance of 226, not rough like Bart A. 

New seedlings were inoculated with Bart A and 
Bart A ·2 with and without polysaccharide 226 
(Table 1, series 9-12). From this experiment it is 
~vident that Bart A has become infective. A serolog­
wal test showed that Bart A ·2 did not react with 
~nt~seri_i.m prepared from the A strain (A 121111), 
mdicatmg that the new strain has not recovered the 
antigenic properties lost by the A strain, but has 
gained something new, most likely from strain 226. 
Investigations into the nutritional requirements of the 
involved strains showed that strain 226 and Bart A ·2 
are greatly stimulated by pantothenic acid, but that 
Bart A is not. 

The most likely explanation of the above results is 
that a transformatio.o. induced by the polysaccharide 
preparation (which might contain DNA) has taken 
place. This evidence and the earlier report' point to 
tho _surface material of the Rhizobium cells as playing 
an important part in their ability to infect the root 
hairs of the appropriate host. 

Det?-iled work on the importance of the capsular 
material for the infection process is in progress and 
will be published elsewhere. 
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