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The Paper to be presented



History
Mexico was the center of domestication of Zea mays 9-
10000 years ago



History
The original Maize have been cross bred with a native 
grain called teosinte



History
The process of heterosis helped in producing superior 
hybrids than the parents specially in Zea mays.



History of 
Agrobacterium tumefaciens

• Rod shaped 

• Gram negative

• Carries a Ti-plasmid
• The causing agent of crown gall disease.



History of 
Agrobacterium tumefaciens

• Crown gall disease is a tumor that is formed in 

dicots.

• Caused by the insertion of the T-DNA in the 
plant genome.

Can It affect monocots?



Aim

• To prove that members of commercially important 

Gramineae are also susciptable for A. tumefaciens 

infection.



Method

• Five A. tumefaciens strains were used 

• Two of them (B6 and, C58N) produce lysopine and 

nopaline dehydrogenase activities, respectively.

• The other 3 work as controls where A348 is a positive 

control while 238MX, and JK195 are negative controls



Method

• Four wound sites were 

introduced to sterilized 

germinating seedlings 

of hybrid yellow Iochief.

• 108 cells were dripped 

into the wounds. 
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Fig. 1. Longitudinal view of a maize seedling 96 hours old showing presumptive target sites and a frontal view indicating the precise 
inoculation positions relative to anatomical structures. The mesocotyl is defined as the area between the scutellar node (cotyledonary 
node) and the coleoptile node. The scutellar node is located between the origins of the coleorhiza and the coleoptile to which the scutel- 
lum is attached on one side of the axis. For additional anatomical details pertinent to the germinating maize seedling see Toole (29) 
Abbe and Stein (1) and Sass (26). 

t ion o f  biologically active metabolites. I f  nopaline 
is incubated with C58N and serves as its sole energy 
source, the bacterial strain grows as this c o m p o u n d  
is degraded (Fig. 2d). A culture o f  B6, however, 
does not  break down nopaline and will not  divide, 
since it lacks the specific opine oxidase upon  which 
the catabolism o f  this product  is dependent.  

Each o f  the experiments presented in Figure 2 
was a result o f  multiple seedling assays. Typically 
10 seedlings per assay were used. The quest ion o f  
the efficiency o f  the t ransformat ion  process in 
maize, using .4. tumefaciens,  however, is not  an- 
swered by use o f  these data. To address this issue, 
single seedling assays were performed and the num- 

ber o f  opine positive incubat ion mixtures deter- 
mined. As shown in Fig. 3a with strain B6, eight o f  
the ten lanes have a spot which stains with phenan-  
threnequinone and co-migrates with an octopine 
standard. Similar results were obtained using C58N 
(Fig. 3c). Of  the 150 single seedling assays done 
with either strain, B6 or C58N, 60O7o were estimated 
to be t ransformed.  

An  argument  critical to the assertion that  trans- 
format ion  has occurred rests on  the demonst ra t ion  
that  opine synthase activities in infected seedlings 
are T-DNA transfer dependent.  Strains JK195 and 
238MX each carry a muta t ion  in the critical vir re- 
gion and therefore can not  convey the necessary 



Method

• The seedlings are incubated.

• After incubation they are ground in Tris.HCl Sucrose 

extraction buffer.

• Reaction medium was used for the detection of lysopine and 

nopaline dehydrogenase activities.

• Electrophoretic separation was used to separate products of 

the enzyme activity.

• The presence of the opines was tested using staining with 

phenanthrenequinone.



Results
A. Detection of products of octopine 

synthesizing enzymes. 

Lane 1, B6 inoculated seedling extract 

at time zero 

Lane 2, the same after 15 h. 

Lane 3, synthetic octopine (Calbiochem)

Lane 4, 0.9% NaCI inoculated seedlings 

extract, at time zero

Lane 5, the same after 15 hr

Lane 6, Synthetic nopaline.



Results
B. Detection of products of nopaline 

synthesizing enzymes.

Lane 1, B6 inoculated seedlings extract at 

time zero

Lane 2, the same after 15 hr

Lane 3, synthetic octopine

Lane 4, extract of 0.9% NaCl inoculated 

seedlings at time zero 

Lane 5, the same, after 15 hr

Lane 6, synthetic nopaline (Sigma)

Lane 7, strain C58N inoculated seedling 

extract after 15 hr

Lane 8, the same at time zero.



Results
C. Confirmation of nopaline by 

conversion to pyro-nopaline 

Lane 1, pyronopaline (produced from 
synthetic nopaline by treating with hot 2M 
acetic acid for 1 hour

Lane 2, synthetic nopaline (some of which 
converts spontaneously to pyronopaline)

Lane 3, product of enzymatic activity of 
C58N inoculated seedlings

Lane 4, the same treated with hot 2M acetic 
acid for 1 hr



Results
D. Confirmation of nopaline identity 

by its Ti-plasmid mediated 

catabolism. 
Lane 1, synthetic nopaline 

Lane 2, nopaline produced by A. tumefaciens 
strain C58N inoculated seedlings (this 
material was electrophoresed and eluted) 
incubated with strain B6 for 24 hours

Lane 3, the same after incubation with strain 
C58N (a nopaline-catabolizing strain) for 24 
hr. 



Results

Opine synthesizing enzyme activities in single Zea mays seedlings inoculated with A. 
tumefaciens strains: B6 in panel A. lanes 1- 10; A348 in panel B. lanes 1-5; 238 MX in 
panel B. lanes 6-10; C58 in panel C. lanes 1- 10 and JK195 in panel D. lanes 1- 10.
O = octopine standard and n = nopaline standard.



Discussion
- Only bacterial strains capable of transferring T-DNA managed 

to transform the seedlings.

- Strains that carry mutations in the vir region didn’t trigger 

opine synthase activity.

- Neither lysopine nor nopaline dehydrogenase activity was 

detected in extracts prepared only from sonicated bacterial 

suspensions.



Conclusion 
A. tumefaciens had delivered the T-DNA successfully to 

meristematic regions of intact seedlings including the scutellar 

node and mesocotyl. 

The enzymes produced were the result from a plant/bacterial 

interaction and depend on functional vir genes to intoduce the T-

DNA, permitting that segment to enter its eukaryotic host. 



Thanks for 
listening 


