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Summary. The effects of glucose on cellular respiration were 
examined in suspensions of rabbit cortical tubules. When glu- 
cose was removed from the bathing fluid, oxygen consumption 
(QO2) decreased from 18.6+0.8 to 15.7+0.5 nmol O2/mg pro- 
tein.min (P<0.01). The transported but nonmetabolized ana- 
logue of glucose, c~-methyl-D-glucoside (eMG), was found to 
support QO 2 to the same extent as glucose. These observations 
were also evident in the presence of butyrate, a readily oxidized 
substrate of the renal cortex. Additional studies with nystatin 
and ouabain indicated that glucose-related changes in QO 2 were 
the result of changes in Na, K-ATPase associated respiration. 
The effect of glucose was localized to the luminal membrane 
since phlorizin (10- 5 M), a specific inhibitor of luminal glucose- 
sodium cotransport, also significantly reduced QO 2 by 10 + 1%. 
Phlorizin inhibition of QO 2 was also evident in the presence 
of c~MG but was abolished when glucose was removed from 
the bathing medium. Finally, measurement of N A D H  fluores- 
cence showed that addition of glucose (5 mM) to a tubule sus- 
pension causes an oxidation of NAD. These data are all consis- 
tent with glucose acting to increase respiration by stimulating 
sodium entry at the luminal membrane (via glucose-sodium 
cotransport) followed by increased sodium pump activity and 
its associated increase in mitochondrial respiration. 
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Introduction 

The transport of isosmotic fluid by the renal proxi- 
mal tubule can be enhanced by the presence of 
organic solutes such as glucose in the luminal fluid 
(Burg, Patlak, Green & Villey, 1976; Ullrich, 
1979). Transport and electrophysiological evidence 
favors the notion that glucose promotes sodium 
transport by increasing luminal sodium entry via 
a sodium-solute cotransport mechanism (Ullrich, 
1979; Fr6mter, 1982). However, studies of in vivo 
glucose oxidation have suggested that a selective 
linkage to sodium transport exists, involving glu- 
cose as a metabolic fuel for proximal fluid trans- 
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port (see Cohen & Kamm, 1976). The present in- 
vestigation directly addresses the primary role of 
glucose in the stimulation of sodium transport and 
cellular respiration in a suspension of rabbit corti- 
cal tubules. 

Brush border membrane vesicle studies have 
shown previously that the uphill entry of D-glucose 
into the renal proximal tubule is sodium-depen- 
dent, electrogenic, stereospecific, saturable, and in- 
hibitable by phlorizin (Frasch et al., 1970; Ches- 
hey, Sacktor & Kleinzeller, 1974; Silverman, 
1974a, b, 1976; Hilden & Sacktor, 1979; Turner 
& Silverman, 1977, 1978; Brazy & Dennis, 1978; 
Turner & Moran, 1982). Accordingly, transport 
studies of isolated perfused rabbit proximal convo- 
luted tubules have shown that removal of glucose 
or addition of phlorizin (10 -5 M) to the perfusate 
can reduce net fluid absorption by about 20% 
(Burg et al., 1976; Kokko, 1973; Brazy & Dennis, 
1978). Further, phlorizin (10 -5 M) was shown to 
be ineffective when added in the absence of glucose 
or when added to the peritubular bathing medium 
(Brazy & Dennis, 1978). Given these observations, 
one would predict that altering glucose availability 
to the renal proximal tubule should cause commen- 
surate changes in cellular respiration as a result 
of changes in Na, K-ATPase turnover. 

In the present investigation, suspensions of rab- 
bit cortical tubules were used to monitor respirato- 
ry changes associated with alterations in glucose 
availability. This preparation is ideally suited to 
this study because it contains almost exclusively 
proximal tubules and the lumens of the tubules 
are open so that the luminal brush border mem- 
brane is freely accessible to the extracellular fluid 
(Balaban, Soltoff, Storey & Mandel, 1980; Arthus, 
Bergeron & Scriver, 1982; Vinay, Gougoux & Le- 
mieux, 1982). The results indicate that glucose-re- 
lated respiration can account for 10 to 16% of 
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the oxygen consumption of the proximal tubule. 
Furthermore, alterations in respiration appear to 
be related to an increase in glucose-dependent sodi- 
um transport and not to the ability of glucose to 
behave as a metabolic substrate. 

Materials and Methods 

SUSPENSIONS OF CORTICAL TUBULES 

Cortical tubule suspensions were prepared according to Bala- 
ban et al. (1980). Briefly, female New Zealand White rabbits 
were anesthesized with ether and cannulated via the aorta to 
permit the kidneys to be flushed with 80 mg/dl collagenase 
(Sigma Type I, Sigma Chemical Co., St. Louis, MO). The kid- 
neys were then excised and the cortex was dissected in ice-cold 
Ringer's solution. At 4 °C the tubules were dispersed, washed 
several times, and centrifuged on a cushion of 25% Ficoll 
(400,000 mol wt, Pharmacia Fine Chemicals AB, Uppsala, Swe- 
den) to remove nonvital cells and cellular debris. The Ringer's 
solution used throughout these procedures contained (mM) so- 
dium chloride (105), sodium bicarbonate (25), potassium chlo- 
ride (5), magnesium sulfate (1), monosodium phosphate (2), 
calcium chloride (1.5), sodium lactate (10), D-glucose (5), L- 
alanine (1), and 0.6% (wt/vol) dialyzed dextran (T-40, Pharma- 
cia, Piscataway, N J). Three final washes were performed in 
the solution to be used for the experiment. These solutions 
were identical to that above except for glucose, which was either 
absent, present (5 mM), or replaced by 5 mM c~-methyl-D-gluco- 
pyranoside (0cMG), as noted in the figures and tables. The final 
pellet was resuspended to a concentration of  3-5 mg tubular 
protein/ml. 

OXYGEN CONSUMPTION MEASUREMENTS 

Cortical tubule suspensions were preincubated for 30-35 min 
at 37 °C in a shaker bath under an atmosphere of 95% 02/5% 
CO2 to maintain the pH at 7.4. Oxygen consumption rates 
(QO2) were measured polarographically in a closed 1.6-ml 
chamber (Gilson Medical Electronics, Middleton, WI) using 
a Clark electrode (Yellow Springs Instrument Co., Yellow 
Springs, OH). The oxygen tension was recorded as a function 
of time and the slope indicated the QO2. Oxygen consumption 
rates are expressed according to protein content which was 
measured with the biuret method (Gornall, Bardawill & David, 
1949). 

FLUOROMETRIC MEASUREMENTS 

Fluorometric measurements of N A D H  were performed on the 
tubule suspensions as described by Balaban et al. (1980). This 
method allows simultaneous measurements of N A D H  fluores- 
cence and QO 2 in a single, well-mixed suspension of cortical 
tubules. Briefly, incident light from a mercury arc lamp 
(366 nm) was focused on the suspension. Using two photomulti- 
plier tubes, N A D H  was measured as the difference between 
the 450 nm and the 366 nm signals such that a decrease in 
450 nm fluorescence indicated a net oxidation of NADH.  

CHEMICALS 

All chemicals were analytical grade and obtained from standard 
commercial sources, c~-methyl-D-glucopyranoside was obtained 
from Pfanestiehl Laboratories (Waukegan, IL). Phlorizin was 
obtained from Pfaltz and Bauer (Stamford, CT). Nystatin was 
obtained from Calbiochem. Behring (La Jolla, CA) and was 
dissolved in dimethylsulfoxide. 

STATISTICS 

Data are expressed as the mean + sE and statistical comparisons 
were made using the Student's t test. 

Results 

Oxygen consumption rates were measured in the 
presence or absence of glucose. As shown in Ta- 
ble 1, removal of glucose from the bathing medium 
reduced the rate of respiration from 18.6_+0.8 to 
15.7_+0.5nmol O2/mg protein-rain (P<0.01). 
(The glucose-free medium actually contained 
50-100 p~M glucose as a result of gluconeogenesis 
during the pre-incubation.) When butyrate (1 raM), 
a readily metabolized substrate (Weidemann & 
Krebs, 1969; Harris, Balaban, Barrett & Mandel, 
1981) was added to the bathing medium, removal 
of glucose still reduced QO 2 from 25.4_+0.9 to 
19.8_+0.8nmol O2/mg protein.min (P<0.002). 
This observation suggests that the inhibition of 
Q O  2 by removal of exogenous glucose is not the 
result of the tubules experiencing a substrate limi- 
tation. 

To explore further the role of glucose in the 
inhibition of QO2, tubules were suspended in a 
medium in which glucose was replaced by 0cMG, 
a transported (Silverman, 1976) but nonmetabo- 
lized (Reynolds & Segal, 1974) analogue of glu- 
cose. As shown in Table 2, in the presence of glu- 
cose QO 2 was 19.7+ 1.0 nmol O2/mg protein.min 
and was unchanged in the presence of c~MG at 
20.5+0.8 nmol O2/mg protein.min. Similarly, 
when exogenous butyrate was added to the 
m e d i u m ,  Q O  2 in the presence of glucose 
(27.8 +0.5 nmol O 2 / m g  protein.min) was not sig- 
nificantly different from that in the presence of 
c~MG (28.1_ 0.9 nmol O2/mg protein-min). These 
data further indicate that glucose-related changes 
in Q O  2 a r e  related to the transport of glucose. 

Measurements of oxygen consumption were 
also performed following the additions of nystatin 
and ouabain to the tubule suspensions. Nystatin, 
a cation-selective ionophore, has been shown to 
stimulate Na, K-ATPase-associated respiration to 
maximal levels in cortical tubule suspensions. This 
stimulation requires that the sodium pump and its 
coupling mechanism to mitochondrial oxidative 
phosphorylation be fully intact. In addition, the 
level to which nystatin will stimulate respiration 
depends on substrate availability. As shown in Ta- 
ble 3, nystatin-stimulated QO 2 (nmol O2/mg pro- 
tein. min) was 25.6 _+ 1.6 in the presence of glucose, 
25.5 +_ 1.1 in the absence of glucose, and 25.9 +_ 0.7 
in the presence of eMG, indicating that respiration 
associated with increased turnover of the Na, K- 
ATPase was unaffected by perturbations in glucose 
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Table l .  Oxygen consumption rates of tubule suspensions in 
the presence and absence of glucose 

Experimental condition Oxygen consumption rate 
(nmol O2/mg protein, min) 

Glucose Glucose-free 

Control 18.6 15.7" 
• • 
(10) (12) 

+ Butyrate 25.4 19.8 ~ 
• _+0.8 
(6) (5) 

Tubule suspensions were prepared in the presence or absence 
of glucose (5 mM) as noted. + Butyrate indicates that the medi- 
um was supplemented with butyrate (1 mM). All values are 
mean _+ SE with the number of observations in parentheses. 

a p<0.01 
b p<0.002 

Table 3. Nystafin-stimulated and ouabain-limited QO z of tu- 
bule suspensions 

Experimental 
condition 

Oxygen consumption rate 
(nmol O2/mg protein, min) 

Glucose Glucose- c~-methyl- 
free D-glucoside 

+ Nystatin 

+ Ouabain 

25.6 25.5 24.9 
• • • 
~) O) (4) 

6.8 7.2 6.9 
• • • 
(4) (4) (4) 

Tubules were prepared in the presence or absence of glucose 
(5 mM) or in the presence of a-methyl-D-glucoside (5 mM), as 
noted. Oxygen consumption rates were measured in the pres- 
ence of nystatin (>  40 gg/mg protein) and in the presence of 
ouabain (5 x 10 .5 M). All values are the mean_+sE with the 
number of observations in parentheses. 

T a b l e  2. Oxygen consumption rates of tubule suspensions in 
the presence of glucose or c~-methyl-D-glucoside 

Experimental condition Oxygen consumption rate 
(nmol O2/mg protein-rain) 

Glucose ~-methyt-D-gluco- 
side 

Control 19.7 20.5 
_+1.0 _+0.8 
(13) (14) 

+ Butyrate 27.8 28.1 
_+0.5 +0.9 
(9) (11) 

Tubules were prepared in the presence of either glucose (5 raM) 
or c~-methyl-D-glucoside (5 mM), as noted. + Butyrate indicates 
that the control medium was supplemented with butyrate 
(1 mM). All values are mean_+sE with the number of observa- 
tions in parentheses. 

Table 4. Effects of 10 .5 M phlorizin on QO 2 in cortical tubule 
suspensions 

Experimental 
condition 

Change in QO 2 (E/C) 

Glucose Glucose- c~-methyl- 
free D-glucoside 

Control 0.90" 0.98 0.92 a 
• • • 

(12) (6) (6) 

+ Butyrate 0.92" 1.00 0.92 b 
_+ 0.01 + 0.02 • 0.02 

(10) (5) (5) 

Changes in oxygen consumption were measured following the 
addition of 10 ~ M phlorizin. E/C represents the ratio of the 
experimental (phlorizin) QO 2 (E) to the control (initial) QO 2 
(C). The various conditions are identical to those in Table 1. 
All values represent means _+ SE with the number of observation 
in parentheses 
a P<0.001. 
b P<0.02. 

availability. Oxygen consumption rates in the pres- 
ence of ouabain were similarly unaffected by glu- 
cose substitutions, indicating that these perturba- 
tions affected the Na, K-ATPase-activated compo- 
nent of respiration. 

Phlorizin (10 -5 M), a known inhibitor of Na- 
glucose cotransport (Silverman, 1976), was found 
to reduce QO 2 to 0.90_+0.01 of the control rate 
but had no effect in the absence of glucose 
(0.98_+0.01) (Table 4). When ~MG was substi- 
tuted for glucose, phlorizin reduced QO 2 to 
0.92_+0.01 of the control rate, a level comparable 
to that observed in the presence of glucose. Similar 
degrees of inhibition of QO2 by phlorizin were ob- 
served in the presence of butyrate (Table 4). Fur- 

thermore, nystatin-stimulated respiration and oua- 
bain-inhibited respiration were unaffected by 
phlorizin, indicating that phlorizin inhibited respi- 
ration by altering glucose-related Na, K-ATPase 
activity and not by causing nonspecific effects on 
metabolism. 

In another series of experiments, the addition 
of glucose to glucose-free tubule suspensions stim- 
ulated respiration in a dose-dependent manner 
(Fig. 1). A single reciprocal (Eadie-Hofstee) plot 
of the data (Inset Fig. 1) indicates that QO 2 could 
be maximally stimulated by 11.1% and the K,, for 
glucose was 2.3 mM (r= 0.76). 

As a final test of the mechanism by which glu- 
cose stimulates respiration, pyridine nucleotide flu- 
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STIMULATION OF OXYGEN CONSUMPTION BY GLUCOSE 
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Fig. l .  Dose-dependent stimulation of oxygen consumption by 
glucose. Tubule suspensions were pre-incubated for 30 minutes 
in lactate (10 raM) and alanine (1 raM). Inset." A single-reciprocal 
(Eadie-Hofstee) plot of glucose stimulation of oxygen consump- 
tion. In both figures each point represents the mean+s~ of 
5 suspensions 

EFFECT OF GLUCOSE ON QO 2AND NADH 
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Fig. 2. Response of oxygen consumption and NADH fluores- 
cence to additions of 5 mM glucose, The tubule suspension was 
pre-incubated for 30 min in the presence of lactate (10 raM) 
and alanine (1 raM). Glucose additions were made at the arrows. 
The numbers near the oxygen consumption line are the oxygen 
consumption rates at those points in nmol O2/mg protein, min. 
An oxidation of NAD is represented by a downward deflection 
of the 450 nm signal. The tubule suspension reached anoxia 
as indicated by the flat oxygen consumption rate. At anoxia, 
the N A D H  fluorescence increased, indicating that the NAD 
in the cell had become totally reduced as is characteristic of 
anoxia. The second addition of 5 mM glucose was made during 
anoxia to demonstrate that the previously observed oxidation 
of N A D H  by glucose was not an optical artifact 

orescence was measured in cortical tubule suspen- 
sions (see Mandel, 1982). One would predict that 
if glucose stimulation of QO 2 was the result of 
increased substrate delivery to the respiratory 
chain there would be a net reduction of NAD. 
On the other hand, if glucose-stimulated respira- 
tion was caused by an increased luminal sodium 
entry followed by increased Na, K-ATPase activi- 
ty, there would be a net oxidation of NAD. A 
representative experiment is shown in Fig. 2 where 
the addition of glucose (5 mM) to a glucose-free 
suspension of tubules caused a marked decrease 
in 450 nm fluorescence or a net oxidation of NAD. 
This addition of glucose also caused a concomitant 
increase in QO 2 from 16.4 to 17.4 nmol O2/mg 
protein, rain. Anoxia caused a characteristic reduc- 
tion in NAD. The addition of 5 mM glucose during 
anoxia caused no change in NADH fluorescence, 
demonstrating that the previously observed oxida- 
tion was not an optical artifact. A comparable oxi- 
dation of NAD was also caused by the addition 
of 5 mM c~MG to the tubule suspensions (data not 
shown). 

Discussion 

The present investigation has demonstrated that 
glucose can stimulate respiration in suspensions of 
rabbit cortical tubules. Based on several criteria, 
it appears that glucose increases respiration by in- 
creasing luminal sodium entry which, in turn, acti- 
vates the basolateral sodium pump. Since the sodi- 
um pump is tightly coupled to mitochondrial oxi- 
dative phosphorylation (Harris et al., 1981 ; Man- 
del & Balaban, 1981), this series of events increases 
respiration. Such an explanation is based in part 
on numerous observations in other comparable 
preparations. 

In isolated perfused rabbit proximal convo- 
luted tubules glucose removal from the perfusing 
and bathing solutions has been shown to decrease 
isosmotic fluid absorption by 25% or 0.27 nl/mm. 
min (Burg et al., 1976). Comparable observations 
have been made by others in the rabbit and rat 
proximal convoluted tubule (Brazy & Dennis, 
1978; Ullrich, 1979). In cortical tubule suspen- 
sions, removal of glucose from the bathing medium 
caused QO 2 to decrease by 16% or 2.9 nmol 02/ 
mg protein.min (Table 1). Assuming that only 
70% of the cellular respiration is associated with 
Na, K-ATPase activity (Balaban et al., 1980), this 
decrease in Q O  2 would represent a 23% decrease 
in respiration related to sodium transport. There- 
fore, the magnitude of the observed changes in 
fluid transport and QO z following removal of glu- 
cose are comparable. 



S.R. Gullans et al. : Glucose-Dependent Respiration in Cortical Tubules 261 

The glucose analogue, 0~-methyl-D-glucoside, 
has been shown to interact preferentially with the 
sodium-dependent luminal entry pathways of the 
rabbit and rat kidney (Kolinska, 1970; Segal, Ro- 
senhagen & Rea, 1973; Silverman, 1976) and the 
chicken intestine (Kimmich & Randles, 1981). Fur- 
thermore, ~MG is not metabolized by the rabbit 
renal cortex (Reynolds & Segal, 1974). Addition 
of ~MG to the glucose-free perfusate of an isolated 
perfused rabbit proximal convoluted tubule was 
shown to increase net fluid absorption by 0.37 nl/ 
mm.min  (Burg et al., 1976), not significantly dif- 
ferent from the glucose-induced stimulation. Simi- 
larly, substitution of ~MG for glucose in suspen- 
sions of cortical tubules (Table 1) did not signifi- 
cantly affect cellular respiration, suggesting that 
glucose-related respiration is associated with its co- 
transport with sodium and not its ability to be 
metabolized. 

Studies with phlorizin provided strong evidence 
that glucose-stimulated respiration depends on the 
luminal entry of glucose. Phlorizin is an inhibitor 
of glucose transport in the renal proximal tubule 
(Brazy & Dennis, 1978; Vick, Diedrich & Bau- 
mann, 1973). Phlorizin acts at the luminal mem- 
brane to inhibit glucose transport in the renal prox- 
imal tubule (Vick etal., 1973; Silverman, 1976; 
Brazy & Dennis, 1978). Studies of brush border 
membrane vesicles have shown that phlorizin binds 
to a high affinity (Ka=0.2-8 gM), sodium-depen- 
dent site and is not itself transported (Frasch et al., 
1970; Chesney etal., 1974; Silverman, 1974b, 
1976). In isolated perfused proximal convoluted 
tubules, phlorizin (10 .5 M) has been shown to re- 
duce fluid transport by 18 % or 0.14 nl/mm- rain 
(Brazy & Dennis, 1978). This concentration of 
phlorizin had virtually no effect when added to 
the bathing fluid or when added to the perfusate 
in the absence of glucose. In comparison, addition 
of phlorizin (10-s M) to suspensions of rabbit cort- 
ical tubules reduced QO 2 by 10% (Table 3). This 
phenomenon was evident when glucose was re- 
placed by eMG, but removal of glucose blocked 
the inhibition by phlorizin. The magnitude of this 
inhibition is comparable to that seen following re- 
moval of glucose from the suspension (Table I) 
or to that seen for phlorizin inhibition of fluid 
transport in rabbit proximal tubules (Brazy & 
Dennis, 1978). Since phlorizin inhibits sodium-de- 
pendent glucose uptake at the luminal membrane, 
glucose-induced changes in respiration appear to 
be related to the cotransport of sodium. 

Evidence that glucose-related QO 2 was related 
to a stimulation ofNa,  K-ATPase activity was gar- 
nered from studies with nystatin and ouabain. 
Under all three experimental conditions, 5 mM glu- 

cose, glucose-free, and 5 mM 0~MG, nystatin-stimu- 
lated and ouabain-inhibited respiration were unaf- 
fected (Table 3). These observations indicate that 
glucose increased respiration by augmenting the 
turnover of the sodium pump and not by increas- 
ing the supply of cellular energy. Furthermore, glu- 
cose, and 0~MG-induced respiration were fully inhi- 
bitable by ouabain, indicating that they acted to 
deliver more sodium to the sodium pump. 

Previous studies have shown that sodium entry 
at the luminal membrane is the rate-limiting step 
in transepithelial transport in the proximal tubule 
(Spring & Giebisch, 1977; Harris et al., 1981). Fur- 
thermore, glucose can accelerate the uptake of so- 
dium into brush border membrane vesicles (Hilden 
& Sacktor, 1979; Thierry, Poujeol & Ripoche, 
1981). Therefore, evaluation of the kinetics of glu- 
cose stimulation of QO z should provide a descrip- 
tion of the sodium-glucose cotransport site at the 
luminal membrane. Accordingly, stimulation of 
QO/ by glucose was a saturable function which 
displayed a Vm, x of 11.1% and a K m of 2.3 mm 
glucose (Fig. 1). This K,, for glucose is in the range 
of that observed in isolated perfused tubules (Bar- 
fuss & Schafer, 1981) and brush border membrane 
vesicles (Hilden & Sacktor, 1979). However, recent 
studies of the heterogeneity of glucose transport 
along the proximal tubule (McKeown, Brazy & 
Dennis, 1979; Barfuss & Schafer, 1981) have 
shown that the cortex contains two types of trans- 
port sites. Kinetic studies of brush border mem- 
brane vesicles have indicated that preparations de- 
rived from the whole cortex display curvilinear ki- 
netic plots (Turner & Silverman, 1977, 1978). Re- 
cent observations indicate that the renal cortex 
contains two types of glucose transport sites, a low 
affinity, high capacity site in the outer cortex (early 
proximal tubule) and a high affinity, low capacity 
site in the outer medulla (late proximal tubule) 
(Turner & Moran, 1982). The current investigation 
was performed with a mixture of proximal tubule 
segments derived from the whole cortex and could 
therefore display curvilinear kinetics on an Eadie- 
Hofstee plot (Inset Fig. 1). Unfortunately, within 
our experimental error it is not possible to reliably 
determine whether the kinetics reflect two sodium- 
dependent glucose transport sites. We can only 
state that the data appear to be curvilinear as one 
would predict, and this could explain the relatively 
low correlation coefficient ( r= 0.76). 

Mandel (1982) recently described how mea-  
surements of pyridine nucleotide fluorescence can 
be used to distinguish the primary mode by which 
a solute can stimulate oxidative metabolism. In this 
regard, the addition of 5 mM glucose to the cortical 
tubule suspension caused an oxidation of the 
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NADH (Fig. 2). This observation confirms that 
glucose-induced respiration is the result of an in- 
creased energy demand by the cell rather than an 
increased delivery of energy to a substrate-deprived 
system. Since this energy demand is inhibitable by 
ouabain (Table 3), we conclude that glucose pro- 
motes cellular respiration by increasing luminal so- 
dium entry which then accelerates the turnover of 
the ATP-dependent Na, K-ATPase at the basolat- 
eral membrane. 

In conclusion, glucose addition to glucose-free 
suspensions of cortical tubules maximally in- 
creased oxygen consumption rates by about 10%. 
Evaluation of this response by a variety of criteria 
indicated that it was the result of an increase in 
glucose-mediated sodium transport rather than 
glucose acting as a metabolic substrate. 

We thank Lauren Patton and Melinda McCord for excellent 
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Service grant AM-26816 and a grant from the North Carolina 
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