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Reference: van den Burgh, E. R. E., van der Kooij, T. A. W., Dijkhuizen, L., and Meijer, W. G. 1995. Fructosebisphosphatase isoenzymes of the chemoautotroph Xanthobacter flavus. Journal of Bacteriology 177: 5860-5864.

	Xanthobacter flavus is a Gram-negative bacterium that can grow as either a chemoheterotroph or a chemoautotroph.  In either case, it uses the enzyme fructose-1,6-bisphosphate phosphatase (FBPase) to catalyze the conversion of fructose-1,6-bisphosphate to fructose-6-phosphate.  During chemoheterotrophic metabolism, this reaction is important in the formation of complex carbohydrates.  During chemoautotrophic metabolism, this reaction is important in the overall process of carbon assimilation.  The reaction is shown in the following figure.
[image: A black and white document

Description automatically generated with medium confidence]
In a series of experiments, van den Bergh et al. (Journal of Bacteriology 177: 5860-5864, 1995) showed that X. flavus synthesizes two different enzymes or isoenzymes catalyzing this reaction.

1.	According to the basic system of enzyme classification, fructose-1,6-phosphate phosphatase is an example of a:

	a.	oxidoreductase
	b.	hydrolase
	c.	lyase
	d.	isomerase

2.	The standard free energy values (Go') in kcal/mol for fructose-1,6-bisphosphate, water, fructose-6-phosphate, and phosphate are given as -622, -57, -420, and -262, respectively. Based on these values, the ΔGo' for the reaction in the direction shown is:

	a.	- 1361 kcal/mol
	b.	+ 3 kcal/mol
	c.	- 3 kcal/mol
	d.	- 723 kcal/mol





3.	The role of fructose-1,6-bisphosphate phosphatase in the reaction is:

	a.	to make  ΔGo' more positive
	b.	to make  ΔGo' more negative
	c.	to decrease the activation energy
	d.	to increase the activation energy

4.	Biochemically, fructose-1,6-bisphosphate phosphatase is a:

	a.	nucleic acid
	b.	protein
	c.	carbohydrate
	d.	lipid

	To study this enzyme in more detail, 	van den Bergh et al. first grew X. flavus in a medium containing methanol as the sole carbon source.  Methanol can be used by these bacteria as a substrate for chemoautotrophic metabolism.  They then disrupted the cells and subjected the resulting extract to column chromatography.  The material coming off of the column was collected as a series of fractions and then assayed for fructose-1,6-bisphosphate phosphatase activity.  The results are shown in the following figure.
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	They then repeated this experiment with bacteria grown in a medium containing succinate as the sole carbon source.  Succinate can only be used as a substrate for chemoheterotrophic metabolism.  When the bacterial extract was analyzed by column chromatography, only FBPaseI was present.  

5.	These results suggest that:

	a.	Both enzymes are involved in chemoautotrophic metabolism.
	b.	Both enzymes are involved in chemoheterotrophic metabolism.
	c.	FBPaseI is specifically involved in chemoautotrophic metabolism.
	d.	FBPaseII is specifically involved in chemoautotrophic metabolism.

	van den Bergh then heated the two fractions containing fructose-1,6-bisphosphate phosphatase at 51oC.  They removed samples periodically and determined the amount of activity that was still left.  The results are shown in the following figure. 
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6.	These results indicate that:

	a.	both fractions probably contain the same protein.
	b.	both enzymes are equally heat sensitive.
	c.	FBPaseI is more heat sensitive than FBPaseII.
	d.	FBPaseII is more heat sensitive than FBPaseI.

	van den Bergh et al. then determined the ability of two fractions to use the structurally related compound sedoheptulose-1,7-bisphosphate as a substrate (this compound has 7 carbon atoms instead of 6).  The ratio of the fructose-1,6-bisphosphate phosphatase activity to the sedoheptulose-1,7-bisphosphate phosphatase activity was 1.0 for FBPaseI and 0.5 for FBPaseII.

7.	These results indicate that:

	a.	Both fractions contain the same enzyme.
	b.	FBPaseI prefers fructose-1,6-bisphosphate as a substrate.
	c.	FBPaseII prefers fructose-1,6-bisphosphate as a substrate.
	d.	FBPaseII prefers sedoheptulose-1,7-bisphosphate as a substrate.
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Organism: ~ Xanthobacter flavus

Reference:  van den Bergh, E. R. E., van der Kooij, T. A. W., Dijkhuizen, and Meijer,
W. G. 1995. Fructosebisphosphatase isoenzyme of the chemoautotroph
Xanthobacter flavus. Journal of Bacteriology 177: 5860-5864.

Xanthobacter flavus is a Gram-negative bacterium that can grow either as a
chemoheterotroph or a chemoautotroph. In either case, it uses the enzyme fructose-1,6-
bisphosphate phosphatase (FBPase) to catalyze the conversion of fructose-1 ,0-
bisphosphate to fructose-6-phosphate. The reaction is shown in the following figure.
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During chemoheterotrophic metabolism, this reaction is important in the formation of
complex carbohydrates from simpler metabolites. During chemoautotrophic metabolism,
this reaction is important in the process of carbon assimilation. In a series of
experiments, van den Bergh et al. (Journal of Bacteriology 177: 5860-5864, 1995)
showed that X. flavus synthesizes two different enzymes catalyzing this reaction.

1. What type of chemical reaction is catalyzed by FBPase?

oxidation-reduction

a.
b. hydrolysis
Gk isomerization
d. phosphorylation
2. The standard free energy of formation values (in kcal/mol) for fructose-1,6-

bisphosphate, water, fructose-6-phosphate, and inorganic phosphate are —622, -37,
-420, and —262, respectively. Based on these values, the AG® for the reaction in
the direction shown above is:

a. - 1361 kcal/mol
b. + 3 kcal/mol

c - 3 kcal/mol

d -723 kcal/mol
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3. The role of FBPase in the reaction is to:

a make AG® more positive.
b. make AG® more negative

c decrease the activation energy of the reaction
d increase the activation energy of the reaction

4. Biochemically, FBPase probably is a:

a. carbohydrate
b. lipid

c. nucleic acid
d. protein

van den Bergh et al. first grew X. flavus in a medium containing methanol as the
source carbon source. Methanol can be used by these bacteria as a substrate for
chemoautotrophic metabolism. They then disrupted the cells and subjected the resulting
extract to column chromatography. The material eluting from the column was collected
as a series of fractions, which were then assayed for FPBase activity. The results are
shown in the following figure.
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They then repeated this experiment with bacteria grown in a medium containing
succinate as the sole carbon source. Succinate can only be used for chemoheterotrophic
metabolism. When the extract from these bacteria was analyzed by column
chromatography, only FBPase; was present.
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5. These results suggest that:

a. both enzymes are involved in chemoautotrophic metabolism.
b. both enzymes are involved in chemoheterotrophic metabolism.

c. FBPase; is specifically involved in chemoautotrophic metabolism.
d. FBPasey; is specifically involved in chemoautotrophic metabolism.

van den Bergh then heated the two fractions containing FBPase activity that had
been prepared from the methanol-grown cells at 51°C. They removed samples
periodically and determined the amount of enzyme activity that was left. The results are
shown in the following figure.
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6. These results indicate that:

a both fractions probably contain the same protein.
b. both enzyme are equally heat sensitive.

c FBPase; is more heat sensitive than FBPasey;.

d FBPasej; is more heat sensitive than FBPase;.

van den Bergh et al. then determined the ability of the two fractions to use the
structurally-related compound sedoheptulose-1,7-bisphosphate as a substrate (this
substrate has 7 carbons instead of 6). The ratio of fructose-1,6-bisphosphate phosphatase
activity to sedoheptulose-1,7-bisphosphate phosphatase activity was 1.0 for FBPase; and
0.5 for FBPasey.

7. These results indicate that:

a both fractions contain the same enzyme.

b. FBPase | prefers fructose-1,6-bisphosphate as a substrate.

c FBPasey prefers fructose-1,6-bisphosphate as a substrate.

d FBPasey; prefers sedoheptulose-1,7-bisphosphate as a substrate.
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