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Abstract:  A gene encoding an enzyme that improves N assimilation and amino acid accumulation in an energy independent manner has been isolated from E. coli (gdhA) and introduced into the corn genome.  Five germplasms, B73*LL3-2272 (A); LL3-272*self (B); BD68*LL17-463 (C); BD68*LL2-63 (D) and BD68*LL3-775 (E) with (+) or without (-) the gdhA transgene for nitrogen uptake were grown in the same season (1997) and analyzed for dry matter (DM); in vitro crude protein (IVCP); in vitro starch digestibility (IVST); resistant starch (RS); total starch (TS); glucose liberation after 120 min (G120); total glucose (TG) and free glucose (FG).  Germs A and B were grown in one field (Chautauqua) and C, D and E were grown in two fields (Chautauqua and Desoto).  Of the 293 samples, 200 were from individual plants analyzed for DM and IVSCP and 69 were composite samples analyzed for DM, IVCP, IVST, RS, TS, G120, TG and FG.  Combining transgenically similar plants within the same row of each germplasm created these composite samples.  Also, 24 samples of high oil corn (HOC; Optimum Grains Limited), high lysine hybrid corn (HL; SL-70, 120-d maturity) and a standard hybrid corn (C494, 116 d maturity) were analyzed.  Data were analyzed using the GLM procedures of SAS (1992).  The model for composite data included to effects of gene for A and B, and gene, location and the interaction for C, D, and E.  The model for individual data included the effects of gene and row for A, gene for B, and gene, location and the interaction for E.  In all five germplasms, there were no significant differences between non-transgenic and their counterparts for DM, IVCP, IVST, RS, ST, G120, TG and FG.  However, DM was greater (P < .05) for the non-transgenic in germplasm A when compared with the gdhA transgenic corn and genotype D- had greater (P < .05) DM when compared to its counterpart germplasm C+.  Therefore, transgenic corn grain is equivalent to non-transgenic corn for in vitro CP, and starch digestibility.
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Introduction
More than 80% of corn produced is used for livestock feed.  Altering the nutrient content of corn can enhance the efficiency of its usage in livestock feeds.  Recently transgenic crop varieties have been produced that provide herbicide resistance, improving yield (Nelson and Renner, 1999) and soil conservancy (LeBaron and McFarland, 1990).  Five germplasms have been propagated at Southern Illinois University that contain the glutamate dehydrogenase gene (gdhA) isolated from Escherichia coli.  These transfected plants have a specific activity for ammonium assimilation that is 2000-fold higher than plant glutamine synthase activity, as measured in cell free assays with saturating substrate conditions (Long et al., 1996: Lightfoot et al., 1998).  Lea et al. (1990) reported that corn and tobacco plants transfected with the gdhA gene had glutamate dehydrogenase activities that were 5- to 10-fold greater than that found in E. coli naturally.  While the ammonium assimilation increases in the presence of the gdhA gene, the metabolism of the assimilated nitrogen is conducted in a non-energy dependent manner.  Hence, the introduction of the glutamate dehydrogenase gene may alter energy concentration and repartitioning in the corn plant, resulting in altered starch component concentrations and digestibility.  The objectives of this study were to determine the nutritional qualities of the transgenic corn, including in vitro crude protein, and starch digestibility.
Materials and Methods
Five germplasms, B73*LL3-2272 (A); LL3-272*self (B); BD68*LL17-463 (C); BD68*LL2-63 (D) and BD68*LL3-775 (E) with (+) or without (-) the gdhA transgene for nitrogen uptake were grown in the same season (1997) in southern Illinois.  Germs A and B were grown in one field (Chautauqua) and germs C, D and E were grown in two fields (Chautauqua and Desoto; soil type Stoy Siltloam and Starks Siltloam, respectively).  Germplasm C was all gdhA+, and germplasm D was all gdhA- These corn samples had similar genetic makeup and were used to test for gene effects in the same manner that germplasms A, B, and E were.  Samples of corn were analyzed for in vitro crude protein digestibility according to the procedures of Satterlee and Kendrick (1979) and for DM content; in vitro starch digestibility through the small intestine (IVST); resistant starch (RS); total starch (TS); glucose liberation after 120 min (G120); total glucose (TG); and free glucose (FG) by the methods of Englyst et al. (1992).  Of the total number of samples, 200 were from individual plants analyzed for DM and IVCP and 69 were composite samples analyzed for DM, IVCP, IVST, RS, TS, G120, TG and FG.  Composite samples were formed to emulate the potential feedstuff that would be used in a livestock setting.  Composite samples were created by combining transgenically similar plants within the same row of each germplasm.  Four samples of high oil corn (HOC; Optimum Grains Limited, Omaha, NE) and ten each of, high lysine (HL; hybrid SL-70, 120 d maturity) and standard hybrid corn (C494, 116 d maturity) were also analyzed as internal controls.

In vitro estimation of CP and starch digestibility were utilized due to small sample size, as the test corn germplasms were grown in experimental plots.  The protocols used to estimate digestibility relied upon multi-enzyme additions to ground samples in an effort to simulate the digestive processes of monogastrics.

To assess differences among the varieties for DM, IVCP, IVST, RS, ST, G120, TG and FG for composite samples and DM and IVCP for individual samples, the analysis of variance procedure of SAS (1992) was used.  The model for the composite data included the effects of gene for varieties A and B, and gene, location and the interaction for germplasms C, D, and E.  The model used to test the individual samples included gene and row for variety A; gene for variety B; and gene, location and the gene X location interaction for germplasm E. 

Results and Discussion

Composite data  Germplasms A- and D- were greater in DM content than their transgenic counterparts (Table 1).  There were significant location and gene X location effects (P < 0.05) on DM for C and D with Desoto-grown corn samples having greater DM values than those grown at Chautauqua.  Dry matter content of corn is affected by numerous factors including pest management practices, harvest time, soil moisture content, handling and storage (Aldrich et al., 1986).  Fehrenbacher et al. (1978) reported differences in DM due to these factors as well as the soil types present at Desoto and Chautauqua.  Therefore, it is not appropriate to report that gdhA transfection was the sole influence of DM content between germplasms.  In vitro crude protein digestibility was not influenced by the gdhA transgene.  There was a location effect (P < 0.05), as Chautauqua-grown corn had greater IVCP than Desoto-grown samples.  Satterlee and Kendrick (1979) and Hsu et al. (1977) reported IVCP values for casein of 90% and 89.2%, respectively, which was comparable to our internal casein standard which had an IVCP value of 90%.  Therefore, our testing protocol complemented previously reported values, giving validity to our analyses.  In vitro starch digestibility was not significantly influenced by gdhA transgene presence.  However, IVST values for gdhA- samples were numerically greater than the transgenic counterparts for all germplasms.  A potential explanation of this numeric difference could be that percentage resistant starch (data not shown) was also numerically greater for gdhA+ corn, which has been shown to decrease starch digestibility in rats and pigs (Schrijver et al., 1999).  Presence of the gdhA transgene did not affect G120, TG and FG.

Individual data  The gdhA- samples from germplasms B and E were greater (P < 0.05; data not shown) in DM content than their gdhA+ counterparts.  Germplasm E was affected by location (P < 0.05), with Chautauqua-grown corn having greater values than Desoto-grown corn.  In vitro crude protein digestibility was not affected by the gdhA transgene.  The HL variety had an IVCP value of 80.69%, while the C494 variety tested 80.19%.  This agrees with earlier literature that reported high lysine corn has greater protein digestibility than normal corn in vivo (Cromwell et al., 1969; Marroquin et al., 1973).  Therefore, if the gdhA gene improved protein quality, increases in IVCP should have been observed.

The lack of effect on in vitro protein and starch digestibility due to gdhA transfection can be attributed to one of two possibilities.  Either the transgene was not expressed in the corn grain, thereby its ability to improve N assimilation not observed, or the gene was expressed in the corn grain and the energy repartitioning effects were not great enough to alter the energy storage components of the corn grain.

Implications

The presence of the E. coli gdhA transgene in the corn genome did not alter in vitro CP or starch digestibility estimates.  From this study it appears that the transgene did not allow energy repartitioning within the corn grain for these nutritional parameters.  Investigations regarding the potential digestibility of amino acids in vivo will be conducted in the near future.
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 Table 1.  Least square means for dry matter, in vitro crude protein digestibility and in vitro starch digestibility of composite samples of gdhA+ and gdhA- corn germplasms1.








--------------P Value-------------------------

	Germplasm
	ghA-
	ghA+
	SEM
	Gene
	Location
	Gene*Loc

	DM, %
	
	
	
	
	
	

	A
	95.86
	95.35
	.09
	.03
	-2
	-

	B
	95.09
	94.56
	.12
	NS
	-
	-

	C+/D-3
	96.11
	95.30
	.26
	.006
	.026
	.035

	E
	96.02
	95.68
	.29
	NS
	NS
	NS

	IVCP,%
	
	
	
	
	
	

	A
	81.94
	81.88
	.04
	NS
	-
	-

	B
	81.88
	82.11
	.16
	NS
	-
	-

	C+/D-
	81.66
	82.52
	.07
	NS
	.0001
	NS

	E
	81.15
	81.18
	.31
	NS
	NS
	NS

	IVST,%
	
	
	
	
	
	

	A
	88.91
	87.45
	.49
	NS
	-
	-

	B
	90.14
	90.00
	1.36
	NS
	-
	-

	C+/D-
	88.76
	87.63
	.4
	NS
	.04
	NS

	E
	88.35
	87.97
	.72
	NS
	.04
	NS


1Composite samples were created by combining transgenically similar plants within the same row of each germplasm.  Genetic lines used were as follows: A = B73*LL3-2272; B = LL3-272*self; C = BD68*LL17-463; D = BD68*LL2-63; and E = BD68*LL3-775. + = transgene; - = parent strain. 

2Samples grown in one location, therefore these parameters were not tested.

3C+ represented the gdhA+ and D- represented the gdhA- and were analyzed as a common variety due to similar genetic background.

