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The following is a Final TechnicaI Report for the above-cited award. It begins with a Project Summary,
stating the ovemll goal of the project and mmmaking the results. Included as enclosures are reprints of
two papers that together represent the accomplishments made as a result of this awtud. This report ends
with a summary of the contribution of this award to the Development of Human Resources.

Project Summary

The goal of this research was to increase our understan~g of the biochemistry and molecular biology
of xylan degradation by Cyq.izagu -q.hndytica. Xykm is xylose+ontaining heteropplysaccharide that
occurs together with cellulose in plant cell walls. Next to cellulose, @isthe most abundant
polysaccharide on earth. C. xyhnolytica is a relatively new isolate of Cytophaga, a group of gliding
bacteria widely acclaimed for (but poorly studied in respect to) biopolyqer degradation.

C. ~Zanol~”ca possessed ea. 15eled.rophoretically-separable,largely cell-associated endoxylanases,
but only a single cwrabinoiiuzmosidase (MI) when growing on arabinoxylan. The latter enzyme is
important to the “xylanase” repertoire, because it removes arabinose side groups which can otherwise
impede hydrolysis of arabinoxylan by endoxylanases. ArfI was pu.ritkdto homogeneity, characterized
with respect to its physiochemical and catalytic properties, shown to release arabinose from a variety
of mturally occ&ring arabinoxylans and sugar beet arabinan, and shown to exist almost exclusively in
the cytoplasm of cells. Purified ArfI exhibited synergy with each of three partially purified
endoxylanase pools during the hydrolysis of plant aiabinoxylan. Given the cytoplasmic location of
ArfI, its role in arabinoxylan hydrolysis would appear to be the removal of arabinosyl residues from
arabinose-containingxylooligomers @mmated by secreted and cell surface-associatedendoxylanases]
small enough to be transported into the cytoplasm and which can then be hydrolyzed to completion by
cytoplasmic endoxylanases and &xylosidase. Arabinofimmosidasesantigenically-related to ArfI were
present in various freshwater and and marine strains of C. xybzdytka collected fkomdiverse locations.

The gene encodiig Ml (i.e. afl was cloned and sequend as was another gene (a@l) encoding an
arabinofuranosidase (ArfIl) not expmsed by cells under our groti qmd$ioti. The products of bo~
cloned genes were also able to release arabhiose from arabionxylan and arabi&m.The infened amino ‘
acid sequences of each showed a high degree ofs imilarity to each other and to arabincd%ranosidases
horn Bacteroides ovatus, Bacillus subtilis and Clostridium stercorarim and acmsemus tree
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1997 Final Te&nic~ Report for Grant#DE-FG02-93ER61660

The specific aims for the original proposal are listed below. The relevant portion of the progress
report immediately follows each specific aim.

Aim 1. To determine the relative expression of myocardial glucose transporters in normal and
ischernic dog myocardium, and to correlate this expression to glucose uptake and phosphorylation
as determined by 18F-fluorodeoxyglucose (FDG) uptake.
Results: We dete~ned that there were no region~ differences in GLUT1 or GLUT4 expression
in normal dog heart. Then we demonstrated that glucose uptake was relatively enhanced in regions
of severe ischemia in this model. Finally we showed that GLUT1 rnRNA and polypeptide
expression but not GLUT4 expression were substantial y and significantly increased in both
ischemic and nonischemic myocardial regions after 6 hours (J Mol Cell Cardiol, 1997; 29:1675-
1685).

We also found that GLUT4 translocation and glucose uptake induced by ischemia in perfused
rat hearts were not inhibited by Woflmannin, a P13 I&ase inhibitor, whereas insulin-stimulated
increases in GLU’T4 trasnlocation and glucose uptake were inhibited. This suggests that ischemia
induces GLUT4 translocation in heart through a different signaling pathway than does insulin (J
Cardiovasc Res, 1997; 35:283-293).

Aim 4. To determine, through the use of quantitative reverse transcription-polymerase chain
reaction (RT-PCR) techniques, the relative GLl_JT4 and HK mRNA levels from chronically
ischernic and non-ischemic regions of humans witi coronary heart disease and to determine,
through semi-quantitative irnmunohistochernic~ techniques, the expression of GLUT4 and HK
proteins. These findings will then be correlated to regional glucose uptake and phosphorylation as
determined by 18F-fluorodeoxyglucose (FDG) PET studies.
Results: To determine whether some of the same phenomena occurred in humans with chronic

myocardial ischemia, we investigated myocardial GLUT IT-RNA expression in 11 patients who
underwent coronary artery bypass surgery. Before surgery, positron emission tomographic-
fluorodeoxyglucose (FDG) scanning was performed which characterized heart regions as normal
(N)normal glucose uptake and normal blood flow) , or hibernating (H) (reduced blood flow;
increased FDG uptake). Biopsies from these regions were subjected to RT-PCR analysis for
GLUT1 and GLUT4 expression. GLUT1 (normalized to cyclophilin) rnRNA levels were higher
in the H vs. the N regions whereas GLIJT4 m.RNA levels were not significantly increased. These
findings suggest that in humans, chronically ischemic (“hibernating”) myocardium expresses
higher levels of GLUT1 mRNA than does non-ischemic myocardium from the same heart. These
results did not address the issue of whether ischem.ia increases GLUT1 (or GLUT4) expression in
normal regions of these chronically ischemic hearts as it did in dog hearts with persistent ischemia.
(Am J Cardiol, 1997; 80:77A-84A).

Aim 5. To establish a cell culture svstem to test the factors which may be responsible for
altering GLUT1 rnRNA and protein e~presslon and to determine whether and how GLUT1
expression prevents hypoxia-induced cell death.

We have cultured neonatal rat cwdiomyocytes and tested the effects of several factors inch.ding
hypoxia and insulin. Exposure to 100 nM insulin for 24 hours increased GLUT1 mRNA
expression by 1.7 &0.3-fold compared to cells not treated with insulin. This suggests that chronic

exposure to insulin will increase sarcole~al GLUT 1 expression and that hypoinsulinemia may
decrease GLUT 1 expression. We also studied the effects of hypoxia on GLUT1 mRNA
expression and LDH release. Cells exposed to Fi02 of ca. 40 mmHg for 1 and 3 hours increased
GLUT1 levels to 1.5 ~ 0.02 and 1.5 t t). 1 vs 0.95 f 0.24 for control cells. Thus, although
insulin and moderate hypoxia increase GLU’T1 mRNA levels, neither increases GLUT1 levels to
the same extent as does ischemia in the dog heart model. This suggests that other mechanisms
exist by which ischernia further induces GLTJTI. one such factor is adrenergic stimulation. We
have found in preliminary studies that isoproteronol (10-5 M) increases GLUT1 at least 2-fold.
Other candidates include TNF which is released into the coronary circulation in myocardkd
ischernia and has been shown to induce several signal transduction pathways including the cJun-
Nl&terminal kinase kinase cascade.
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In order to test whether increasing the number of glucose transporters on the plasma
membrane of cells could eficit a similar protective response, independent of the Ieveis of
extracellular glucose, we overexpressed the facilitative glucose transporter, GLUT 1 in a vascular
smooth muscle cell line. After 4 hours of hypoxia, the percentage of cells which showed
morphologic changes of apoptosis was 30.5~2.6’% in control cells and only 6.Ofl. 1Yo and
3 .9k0.3910 in GLUTl-overexpressing cells. Similar protection against cell death and apoptosis
was seen in GL~ 1-overexpressing cells treated for 6 hours with the electron transport inhibitor,
rotenone. In addition, hypoxia and rotenone stimulated (JNK) activity > 10-fold in control cell
lines, and this activation was markedly reduced in GLUTl-overexpressing cell lines. A
catalytically-inactive mutant of MEKK 1, an upstream kinase in the JNK pathway, reduced
hypoxia-induced apoptosis by 39%. These findings show that GLUT1 overexpression prevents
hypoxia-induced apoptosis possibly via inhibition of stress-activated protein kinase pathway
activation (submitted).


