EXERCISE 3PRIVATE 

TO STUDY CULTURAL PROPERTIES, CELL ​MORPHOLOGICAL CHARACTERISTICS AND SOME NUTRITIONAL REQUIREMENTS OF RHIZOBIA

The aims of this exercise are to learn to distinguish rhizobia from other microorganisms by cell morphology, staining reactions, growth responses on various media, and to show how media for rhizobia can be modified.

Key steps/objectives

1)
Subculture rhizobia and other bacteria

2)
Observe cell morphology of rhizobia and other bacteria under phase contrast microscopy

3)
Examine rhizobia and other bacteria for cell morphology using a simple stain (carbol fuchsin) and the Gram stain

4)
Culture rhizobia and other bacteria on indicator media

5)
Observe colony morphology and growth reaction on the indicator media

6)
Prepare agar media with different carbon and nitrogen sources

7)
Inoculate media with rhizobia

8)
Observe growth reactions on each medium

(a)
Preliminary subculturing of different bacterial cultures

(Key step 1)

Make subcultures on agar slants from the stock cultures of the following microorganisms using YMA slants for the rhizobia, and nutrient agar slants for the other bacteria: Rhizobium meliloti; R. leguminosarum bv. phaseoli; Rhizobium sp. (chickpea); Bradyrhizobium sp. (Lotononis); B. japonicum; Bacillus subtilis; Escherichia coli; Staphylococcus aureus; and Pseudomonas sp.

Also needed are:

1)
surface sterilized nodules (saved from Exercise 1)

2)
a homogenate of non‑surface-sterilized nodules of slow‑growing and fast‑growing rhizobia, and

3)
a broth culture of rhizobia mixed with other species of bacteria.

(b)
Comparing cell morphology and Gram stain reactions of rhizobia with those of other microorganisms

(Key steps 2 and 3)

Make wet mounts of the cultures provided and examine under the phase contrast microscope.  Note the motility, size and shape of the rhizobia compared to other bacteria.

Place a loopful of sterile distilled water onto a clean, pre-flamed and cooled microscope slide.  Flame the loop and transfer a small sample of the bacterial growth from the slant culture to the water on the slide.  Mix thoroughly and make a thin smear approximately 1 cm2 in diameter.

For broth cultures, transfer a loopful and make smear directly on the dry slide.  Air dry, heat fix, and allow to cool.

Flood the smear with diluted carbol fuchsin for 60 seconds.  Rinse carefully in a gentle stream of water and blot dry.

Locate smears under low power (10x, 25x, or 40x) objective.  Apply a drop of oil to the smear and observe with the 100x oil immersion objective using bright field illumination.

The carbol fuchsin stain makes the bacteria easily visible (cells appear pink).  Note the characteristic rod shape of the cultured cells of rhizobia and compare the size and shape of these to that of bacteroids seen in the nodule preparation.  Also compare rhizobia with the other bacteria and note the difference in size and form.  Refer to Figure 3.1 for the morphology of the microorganisms.

(c)
Determining Gram stain reactions of various bacteria

(Key step 3)

1)
Make thin smears of the various bacteria provided and heat fix.

2)
Stain the smears with solution 1 (crystal violet) for 1 min.

3)
Wash lightly with water and flood with solution II (iodine).

4)
Drain immediately and flood again with solution II for 1 min.

5)
Drain solution II and decolorize with solution III (95% alcohol) for 15‑30 seconds in the case of a thin smear and 60 seconds if the smear is thick.

6)
Wash with water and blot dry carefully.

7)
Counter stain with solution IV (safranin) for 1 min.

8)
Wash with water and air dry.

Observe the preparation under oil immersion.

The Gram stain procedure separates bacteria into two groups: Gram‑positive and Gram‑negative organisms.

Gram‑positive organisms retain the crystal violet stain after treating with iodine and washing with alcohol, and appear dark violet after staining (e.g., Bacillus subtilis and Staphylococcus aureus).

Gram‑negative organisms lose the violet stain after treating with iodine and washing with alcohol but retain the red coloration of the counter‑stain, safranin (e.g., Rhizobium, Pseudomonas, Escherichia coli).
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Figure 3.1.  Shapes of bacteria

l)
coccus

2)
Staphylococcus

3)
Rod (e.g., Escherichia coli) 

4)
Spirillum
5)
Cultured cells of rhizobia

6)
bacteroids of rhizobia (e.g., Lens sp.)

(d)
Characterizing growth of rhizobia using a range of media

(Key steps 4 and 5)

Rhizobia can be described according to their growth in solid and in liquid media.  The size, shape, color, and texture of colonies and the ability to alter the pH of the medium are generally stable characteristics useful in defining strains or isolates.  Typical colony characteristics, when grown on standard yeast‑mannitol medium, are described below.

Shape: Usually discrete, round colonies varying from flat 

(
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) to domed (
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) and even conical (
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) shape on agar surface.  Colonies usually have a smooth margin.  When growing subsurface in the agar, colonies are typically lens‑shaped.

Color and texture: Colonies may be white‑opaque or they may be milky‑ to watery‑translucent.  The opaque colony growth is usually firm with little gum, whereas the less dense colonies are often gummy and soft.  Colonies may be glistening or dull, evenly opaque or translucent, but many colonies develop darker centers of rib‑like markings with age.  Red or pink (e.g., from Lotononis) and yellowish (e.g., from Stylosanthes) occur, but are not common.

Growth rate: Generally 3‑5 days for fast‑growers (e.g., from Leucaena, Psoralea, Sesbania), 5‑7 days for slow‑growers (e.g., from Macroptilium, Desmodium, Galactia), to 7‑12 days (e.g., some Stylosanthes, Lupinus) to achieve maximum colony size on agar or growth in liquid medium. Growth rate varies according to the temperature of incubation (optima 25‑30(C), origin (culture or nodule), aeration (in liquid cultures), and composition of medium.

Size: When well separated on agar plates, colony size may vary from 1 mm for many slow‑growing strains (e.g., from Stylosanthes, Zornia, Aeschynomene, Lupinus) to 4‑5 mm for faster‑growing strains (e.g., from Leucaena, Psoralea, Sesbania).  In crowded plates colonies remain smaller and discrete but coalesce to confluent growth when colonies join.

Select two preparations from the pure cultures, the nodule homogenates or the mixed cultures of rhizobia and other bacteria.  Streak out on plates containing each of the following media: YMA, YMA + bromthymol blue, YMA + Congo Red, and peptone glucose agar + bromcresol purple.

These indicators and selective media are used as presumptive tests for purity of cultures.  Their interpretation is as follows:

Rhizobia generally do not absorb Congo Red when plates are incubated in the dark.  Colonies remain white, opaque or occasionally pink.  Contaminating organisms usually absorb the red dye.  However, reactions depend on the concentration of Congo Red and age of the culture.  Rhizobia will absorb the red dye if plates are exposed to light during the incubation or exposed to light for an hour or more after growth has occurred.  

Freshly prepared YMA plates containing bromthymol blue have a pH of 6.8 and are green.  Slow‑growing rhizobia show an alkaline reaction in this medium, turning the dye blue.  Fast‑growing rhizobia show an acid reaction, turning the medium yellow.

Rhizobia grow poorly, if at all, on peptone glucose agar and cause little change in pH, when incubated at 25‑30(C.  Heavy growth is indicative of contamination.

Rhizobia will change the pH and appearance of litmus milk only slowly, if at all, and may produce a clear serum zone at the surface.  Common contaminants of Rhizobium cultures metabolize the medium; they may turn it brown or they may acidify and curdle it. R. meliloti produce a pink acidic reaction to litmus milk.  Curdling, digestion, or reduction (white color) of litmus milk indicates contamination.

(e)
Observing growth reactions on modified media

(Key steps 6, 7 and 8)

If mannitol and yeast extract are not available, the basic growth medium may be modified, since rhizobia can utilize carbon and nitrogen from various sources.

Make up media as shown:

1)
Prepare 1500 ml of a mineral salts solution containing the inorganic constituents of YMA (Appendix 3). Add 28 grams of agar and heat in the autoclave or water bath.  Dispense the melted mineral salts agar solution in 12 ml portions into test tubes. Sterilize in the autoclave and keep melted in the water bath at 48(C.

2)
Prepare carbon source stock solutions (10 g/100 ml) of mannitol (M), sucrose (Su), arabinose (A), and glycerol (G).  Sterilize by autoclaving, except for A which should be filter sterilized.

3)
Prepare stock solutions of the nitrogen sources (Appendix 3), yeast‑water from baker's yeast (B), yeast extract (Y) 0.5 g/100 ml, soybean extract (S), and ammonium chloride NH4Cl (N) 0.4 g/100 ml.  Sterilize by autoclaving.

Pipette into separate, sterile Petri‑dishes 1.5 ml of (2) and 1.5 ml of (3).  Pour one test tube (12 ml) of the melted (48(C) mineral salts agar preparation (1) to each plate, so as to provide the combinations in duplicate.

	PRIVATE 
                                    Nitrogen Source      

	
	B 
	Y
	S
	N

	Carbon Source
	------------------Media----------------

	     M (mannitol)
	MB
	MY
	MS
	MN

	     Su (sucrose)
	SuB
	SuY
	SuS
	SuN

	     A (arabinose)
	AB
	AY
	AS
	AN

	     G (glycerol)
	GB
	GY
	GS
	GN


Mix immediately after adding the agar by rotating each dish gently three times clockwise and counterclockwise, and three times to the right and to the left, as well as forward and backwards.  

Allow the plates to cool overnight for the agar to solidify.  Remove any contaminated plates.

After the agar media have solidified, streak one of each of the four provided strains onto one separate plate as you would streak for isolation (Exercise 1)  Alternatively, broth cultures of the strains may be surface spread using 0.1 ml portions on separate plates.

The streaking of two or more cultures onto one plate may be necessary if there is a shortage of plates.  However, this practice should be avoided if possible because of an aerosol effect during the process of streaking.

Incubate and compare growth on the various media at 3, 7, and 10 days after plating.

Requirements

(a)
Preliminary subculturing 


Transfer chamber


Incubator


Inoculation loop; flame


Microorganisms on slants, surface sterilized nodules, homogenate of non‑surface sterilized nodules, and a mixed broth culture as indicated in step (a) of the chapter.

(b)
Comparing cell morphology and Gram stain reactions of rhizobia with those of other microorganisms


Microscope 


Inoculation loop; flame


Microscope slides 


Immersion oil, lens paper


Running water or wash bottle with water


Carbol fuchsin solution (Appendix 3)


Tissue paper or paper towels


Microorganisms from (a)

(c)
Determining Gram stain reaction of various bacteria


All requirements of (b) not including phase contrast equipment


Gram stain solutions (Appendix 3)

(d)
Characterizing growth of rhizobia using a range of media


Transfer chamber


Incubator


Inoculation loop, flame


Plates of yeast mannitol agar (YMA)


Plates of YMA + bromthymol blue


Plates of YMA + Congo Red


Plates of peptone glucose agar and bromcresol purple


Tubes of litmus milk


Consult Appendix 3 for growth media preparation

(e)
Observing growth reactions on modified media


Incubator, autoclave, water bath, pH meter, suction pump, balance


Bacteriological filter unit (0.2 micron pore size)


Volumetric flasks (8 of 100 ml)


Pipettes (sterile, 5 and 10 ml)


Spatula, weighing paper


Large flask or beaker (2‑3 liter)


Test‑tubes, test tube rack


Petri dishes (sterile)


Inoculation loop, flame 


Mineral salts: K2HPO4, MgSO4(7H2O


Distilled water


Agar


Mannitol, sucrose, arabinose, glycerol


Brewers yeast, yeast extract (Difco), soybean extract, ammonium chloride


Rhizobia from (a) 
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