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Article Summary 

 

 

“Enzymes Related to Chlorophyll Biosynthesis in Mutant Soybean [Gycine max (L.) 

Merr.] Lines” authored by Aaron M. Elmer and the famous James Enderby Bidlack 

(2010) was an excellent reference for the Plant Physiology malate dehydrogenase 

experiment in soybean. This article describes the search for mechanisms of chlorosis, the 

loss of green pigmentation in the leaves of plants, in mutant soybean lines. Isozyme 

analyses of a highly mutable Asgrow w4-m soybean line suggest that three of the 

mitochondrial malate dehydrogenase (MDH) isozyme bands are lacking. Variants of the 

w4-m line posses a mutant copy of the malate dehydrogenase isozyme (mdh-1n) allele, 

giving rise to the idea that chlorophyll deficiency may be linked to this allele. The non-

functional mutant (null) mMDH isozyme allele may relate to linkage of an upstream 

chlorophyll biosynthesis gene causing deficiency in chlorophyll if the mMDH null gene 

in the deficient lines also have a chlorophyll biosynthesis gene. The intermediate α-

ketoglutarate within the Krebs cycle is a precursor of the vital metabolite glutamate for 

chlorophyll biosynthesis. If mMDH isozymes are lacking, the metabolite flow through 

the Krebs cycle and malate/aspartate shuttle will decrease and malate will not reach the 

chloroplast. For soybean mutant lines Asgrow w4-m, CD-1 (chlorophyll deficient), CD-2, 

and CD-3 were evaluated for differences in crude homogenate concentrations and 

enzyme activity. Dr. Elmer and Dr. Bidlack hypothesized “if the level of enzyme 

activities followed the same ranking as the level of chlorosis in normal and mutant lines, 

then decreased pigmentation may be genetically or pleitropically related to enzyme 

activates involved in chlorophyll biosynthesis (Elmer, AM, Bidlack JE. 2010).  

 

The experimental methods were as follows: plant germination and maintenance; harvest 

and crude extract; protein determination; spectrophotometric enzyme assays using a 

Hewlett-Packard 8452A UV/VIS Diode Array Spectrophotometer and use of cytochrome 

c oxidase (CCO) to determine mitochondrion electron flow; microplate enzyme assays of 

aspartame aminotransferase (AST) using a modified colorimetric method from the Sigma 

Diagnostics Kit #505; and, chlorophyll quantification of chlorophyll a, chlorophyll b and 

carotenoid concentrations at absorbance levels of 452, 644 and 663 nm. The data for 

chlorophyll quantification for proteins, enzymes and pigments was analyzed using PROC 

GLM (Elmer, AM, Bidlack, JE. 2010). 

 

The results of this study found significant differences were found in the analysis of 

variance between the four mutant soybean lines for the both the activity of MDH and 

CCO, and concentration levels of chlorophyll a, chlorophyll b and carotenoids. Protein 

concentration and AST activity had no significant difference among the four mutants. 

The significant differences that were found between the mutants indicate involvement of 

crude MDH and CCO enzymes in mechanisms from mutations in w4-m mutable lines. A 

decrease in glutamate production vital for chlorophyll biosynthesis could be caused by 

low MDH activity, leading to chlorosis in the mutant soybean lines. The data collected 

exhibited that a correlation between enzyme activities and chlorosis provides the 

likelihood that yellowing of Asgrow w4-m leaves is related to chlorophyll biosynthesis 

enzyme activity (Elmer, AM, Bidlack, JE. 2010). 



 3 

Malate Dehydrogenase In Soybean 

 

Introduction 

 

Malate dehydrogenase (MDH) is an enzyme that catalyzes the oxidation of malate to 

oxaloacetate reversibly, producing NADH.  The alteration of MDH banding patterns in 

soybean can be used to view those banding patterns lacking in the mitochondrial MDA 

(mMDH); Bands of variant soybean mMDH are absent for the mitochondrial form. This 

suggests that regulating chlorophyll synthesis and mMDH expression in chloroplasts in 

the cultivar lines w4-m, y-20-k2, and Jilin 3 is dependent upon an unknown mutable 

mechanism. We are referring to Jilin, not Gillian. This is Gillian: 

 
 

To solve this X-file, students will seek to discover which mechanism(s) relate chlorophyll 

deficiency and MDH mutation; two ideas have been postulated. The first suggests that a 

failure to produce OAA and succinate, because of decelerated activity of mMDH and 

glyoxysomal MDH, leads to an α-ketoglutarate deficiency and ultimately retarded 

chlorophyll synthesis (See Figure 1).  The second idea is that chlorophyll synthesis and 

MDH activity are changed by a transposable element; mMDH expression inhibited by a 

transposon, combined with chlorophyll synthesis inhibited by the transposase could give 

rise to yellow soybean plants. In this experiment, students will investigate mechanisms to 

explain the variance of chlorophyll in MDH soybeans by gathering genetic, enzyme, and 

chlorophyll information from normal versus mutant soybean plants.  

 

 

Procedure 

 

Four seeds each of normal Jilin and mutant Jilin soybean seeds were planted on 2-22-17 

in two separate labeled pots. On 3-22-17, after germination and four weeks of growth, 

five grams of tissue were removed from each mutant and normal plant for tissue 

homogenization in buffer stock and centrifugation to obtain supernatant containing total 

extract, crude mitochondria, crude microbodies, and residual supernatant; These steps 

will produce a resuspended pellet containing chloroplasts, and a resuspension containing 

washed mitochondria. Next, protein determination and MDH determination will be 

carried out for the prepared organelle isolations from mutant and normal Jilin 3 soybean 

extracts using a spectrophotometer. The final step in the experiment will be to use an 

SDS polyacrylamide gel electrophoresis apparatus in combination with Laemmli 

Running Buffer and Coomassie Blue staining solution to obtain MDH banding patterns.  
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Results and Discussion 

 

 

 

 
 

Figure 1: Left: Jilin No. 3 seeds. Right: Mutant line T317 seeds. Photo taken on March 

8
th

.  

 

 

 

 

 
Figure 2: Jilin 3 and mutant physical comparison. Left in each photo: mutant is taller and 

with a lighter coloration. Right in each photo: Jilin 3 is shorter with rich green color.  
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Figure 3: Fon and Kathryn posing the pellets for their photo shoot. The homogenate was 

put through several resuspensions. Students obtained supernatant of crude extract (A), a 

pellet of chloroplasts (B), a pellet of mitochondria (C), and supernatant of cytosol (D) for 

the evaluation of protein concentration and enzyme activity.   

 

 

 

 

 

 

 

 

 

 

 
 

Figure: 4 Left: Mutant chloroplasts. Right: Jilin 3 chloroplasts 
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Figure 5: Comparison of Jilin 3 normal soybean to Mutant soybean for all four 

laboratory groups of the Plant Physiology and Laboratory class 2017.  

 

 

 

 

 
 

Figure 6: A = crude; B = chloroplasts; C = mitochondria; D = cytosol 

Jilin A crude had the most protein, as well as mutant A. All levels of normal Jilin has 

more protein compared to counterpart of mutant protein concentration.  
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Figure 7: For perfect results the value for R² will equal 1. The value obtained in this 

experiment is close with a value of 0.87442. 

 

 

 

 
Figure 8: Left: Jillin SDS-PAGE Gell. Right: Mutant SDS-PAGE Gel 

Lane 1 is standard ladder, blank. Standard most likely was subjected to temperatures too 

warm and proteins denatured. Jilin and mutant banding patterns compared and similar. 

Jilin has more blue intensity than mutant b/c had more protein than the mutant.  
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Figure 8: Gel banding patterns collected by the Plant Physiology class of spring 2016.  

Left: Jilin 3 bands. Right: Mutant bands.  

 

What occurs in the mitochondrion drastically affects what occurs in chloroplast. The 

shipping of enzymes and proteins through the cytosol to other organelles within the plant 

cell will result in a high level of protein within the cytosol (D) (Figure 6). The highest 

levels of protein per category were found in Jilin 3 soybean. Also seen in Figure 6 is 

enzyme activity, which did not have good outcome from the data. The focus of the 

enzymatic data was for the mitochondria and chloroplasts. The values for enzymatic 

activity in the mitochondria were higher in the mutant, and the enzymatic values for 

chlorophyll in the normal plant were much higher than that of the mutant.  This suggests 

that in the mutant plant, enzymes for chlorophyll biosynthesis within the chloroplast were 

hindered. Protein and enzyme absorbance values increased and decreased in the correct 

areas over the entire four experimenting groups (Figure 5), meaning the protein and 

enzyme portion of this lab was successful. 

The gel samples were not clean enough for clear results (Figure 8). The hope was for a 

contrast of bands between the mitochondria and chlorophyll. Normal soybean gel results 

should have had double bands, and the mutant had smudge. Some of the bands were 

clear, but others could not be made out properly due to smudging.  

 

Conclusions 

 

This experiment focused on MDH activity in chlorophyll and mitochondria. Students 

were able to see how low levels of MDH, stemming from α-ketoglutarate 

underperformance in the mutant plant, gives rise to chlorophyll biosynthesis hindrance. 

Since glutamate is a precursor for chlorophyll, when α-ketoglutarate is not efficiently 

producing glutamic acid to be shipped out of the mitochondria and through cytosol to the 

chloroplast, chlorophyll production is hindered (Elmer AM, Bidlack JE. 2010).  
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