The effect of phosphate solubilizing bacteria on the amount of morphine,
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Introduction A\

So far, more than 40 different types of alkaloids have been known in péppy (Papaver
ide, codeine,
> strongly
influenced by a variety of biotic and abiotic elicitors. In fact, mieobes as bidtic eliettors can affect
the production of poppy alkaloids. Among them, plant growth promating rhizg cria (PGPR) can
. gms such as mineral
phosphate solubilization, plant hormone production, siderophOtg i itrogen fixation, etc.
The use of PGPR agents can not only lead to an increase in plant'bigua@ss; but simultaneously, due

of metabolic changes throughout the pla f PGPR agents to stimulate the plant to
produce secondary metabolites has several advantages: some plants, defensive metabolites
are active biological compounds that lead to _theN of f@ad production with high added-
in‘&" the synthesis of secondary

metabolites, the resistance i ens alSBincreases. Accordingly, the present
study was performed with the“ai i igating th@effects of bacterial strains with the ability to
solubilize inorganic s@a 10t 1 he amount of morphine, papaverine, and
noscapine alkaloids i(% somn

)}

Materials and Methods

canadensis S36 ed quantitatively using Sperber broth medium. Under greenhouse
conditions, the iar spraying of P. somniferum plants with a suspension of the bacterial
strains (108 CFU/mIY\an the amount of morphine, papaverine, and noscapine in the plants’ capsules,
stems, and leaves was\investigated. About three weeks after the appearance of capsules in poppy
plants, the aerial parts 0f the plants (stems, leaves, and capsules) were sprayed with the bacterial
suspensions. One weekaafter foliar spraying, poppy plants were harvested in order to determine the
amount of the desired alkaloids. Three pots were considered for each treatment and there were three
poppy plants in each pot. Alkaloids were extracted based on an alcoholic method and detected
using HPLC. Morphine and noscapine standards were prepared at a concentration of 1000 pg/ml
and papaverine standard at a concentration of 250 pg/ml. Then the mixture was prepared in
proportions of 1, 1:50, 1:10, 1:50 and 1:100 and injected into the HPLC set to draw the calibration
curve. All the experiments were conducted in a form of completely randomized design with three
replications for each treatment (P<0.05).



Results

The results showed that the highest (458.67 pg/ml) and the lowest (130.47 pg/ml)
phosphate solubility were related to S2 and S36 strains, respectively. S7 and S25 strains were not
statistically significantly different from each other and after S2 strain, they were placed in the
second statistical position. In the bacterial strains’ treatments, the level of morphine in the stems
and leaves as well as the capsules increased significantly in most cases compared to the control.
The amount of papaverine in the stems and leaves decreased significantly, but it had no significant
changes in the capsule. Also, noscapine showed a significant increase in the stems and leaves and
reached from 0.8 mg/g DW in the control to 8.12 in the S2 treatment. Mile, the amount of
noscapine increased significantly in the capsules, only in the S2 and S36 treatmefigs, Other strains
did not show significant differences with the control for noscapine content 1
results showed that the interaction effects of the type of the alkaloids and the

and capsules are significant (P<0.01).

Conclusions

It can be concluded that there is no need to apply @ gti
production of valuable secondary metabolites by medicinal pla ,
much cheaper by using bacterial elicitors. Accordin by selecting compatible and efficient
bacterial strains with phosphate solubilnr‘@ctivi ounts of morphine, papaverine, and
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Table 1- The characteristics of the bacterial strains used in this research
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Strain Species Accession number  Sequence length (kb)
S2 Enterobacter xiangfangensis MW687115 1460
S7 Pantoea dispersa MW687122 1472
S25 Pantoea stewartii MW704276 633
S36 Pseudomonas canadensis MW687114 1464
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Figure 1- Comparis‘)f the abili ial strains to solubilize inorganic phosphate in Sperber broth medium

Table 2-

Do B g ) Jloinl e jd (g)h bxe (gl xe pre i A4 *

ns **and *:

(P<0.05) (n=3)

Sl Bagw byl Olind (S8 S uillg 4500 oY Jgs
ance (ANOVA) for phosphate solubilization by bacterial strains (P<0.05) (n=3)

Olpds e gl an,d Slaye (Sl F 35)

S.0.V Df Mean squares  F-value
e 3 57698.6" 1820.42
Treatment
Y 2 315 0.99
Replication
[ 6 317
Error
Js 11
Total

# ‘ns

non-significant, significant at p<0.01 and p<0.05, respectively
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Table 3- ANOVA table of @ffects 1} a on the alkaloids of P. somniferum leaves and stems
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Table 3- ANOVA table of the effects of phosphate solubilizing bacteria on the alkaloids of P. somniferum capsule

FEHETSY) Olrg po (3o F o)l
Df Mean squares F-value
2 85.10** 2150.455
Alkaloids (A)
o 4 0.79** 19.980
Treatment (T)
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A*T
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Error
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