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JOURNAL OF IMMUNOASSAY, 18(4), 289-307 (1997) 

SENSITIVE MONOCLONAL ANTIBODY-BASED SANDWICH ELISA FOR 
DETERMINATION OF THE DIABETES-ASSOCIATED AUTOANTIGEN 

GLUTAMIC ACID DECARBOXYLASE GAD65 

Michael Schlosser, Jens Hahmann, Brigitte Ziegler, Petra Augstein and MadTed 
Ziegler. Emst-Moritz-Amdt-University of Greifswald, Institute of 

Pathophysiology, Greifwalder Str. 1 la, D- 17495 Karlsburg, Germany 

ABSTRACT 
Although various methods for the detection of autoantibodies against glutamic acid 
decarboxylase (GAD65-AAb) are known, no sensitive method for the 
quantification of GAD65 as autoantigen is available. We describe a sandwich 
ELISA based on monoclonal GAD65 antibodies (Mc-GAD65-Ab) of different 
epitope specificities to quantify GAD65 in pancreatic islets and in different 
orgadcell extracts and during the preparation of GAD fiom brain extracts. GAD65 
was captured via solid phase coated Mc-GAD65-Ab aud detected via a second 
biotin-labelled Mc-GAD65-Ab recogukhg a NH2-te1mhal epitope of the 
molecule. The detection limit was estimated to be 0.03 ng GAD65/ml using 
alkaline phosphatase (AP)-conjugated streptavidm. GAD65 contents in islets of 
neonatal BB/OK rats and Lewis rats amounted to 37.4 and 43.7 pg/islet, 
respectively. Furthermore, GAD65 was quantified in bl-aim extracts of pig (55.1 
ng/mg protein), mouse (39.5 ng/mg), rat (243.8 ng/mg) and pig cerebellum (514.8 
ng/mg) and in different organ extracts of Lewis rat. (KEY WORDS: glutamic acid 
decarboxylase GAD65, monoclonal GAD65 antibodies, ELISA, biotin- 
streptavidiu. pancreatic islets) 

INTRODUCTION 

Glutalnic acid decarboxylase (GAD; EC 4.1.1.15) is an enzyme catalyzing the 

formation of gamma-aminobutyric acid (GABA). a neurotransmitter in central 
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290 SCHLOSSER ET AL. 

nervous system but is also found in peripheral neurons and in the pancreatic islets, 

especially in Beta-cells (1, 2). It could be demoustrated that at least two main 

isoforms of GAD with the molecular weight of 65 kD (GAD65) and 67 kD 

(GAD67) exists which differ in their enzymatic kinetics and interactions with the 

cofactor pyridoxal-phosphate (3). GAD65 and GAD67 are encoded each by 

distinct genes (4). The sequence identity between these two isoforms is 

approximately 65% ( 5 ) .  

In 1990 a major component of the 64 kD autoantigen band recognized by 

autoantibodies (AAb) in insulin-dependent diabetes mellitus (IDDM) could be 

identified as GAD (6). Furthermore, it could be demonstrated that in sera of newly 

diagnosed patients with IDDM but also in prediabetic patients AAb to GAD65 

(GAD65-AAb) occur in a higher prevalence than GAD67-AAb (7- 10). 

Several assays for measurement of GAD-AAb have been proposed such as 

measurement of enzyme activity after immunotrapping and immunoprecipitation 

assays using native GAD from brain extracts or human recombinant GAD (10-12). 

However, for determination of GAD itself only semiquantitive and time consuming 

enzymatic methods have been described by measuring I4CO2 fiom 14C-glutamate 

without distinction of the GAD i s o f o m  ( 1, 13, 14). Furthermore, the application 

of GAD-specific antisera (15) and monoclonal antibodies with specific reactivity to 

the GAD i s o f o m  (16-18) in immunohistochemical investigations allows only 

semiquantitive determinations of GAD-isoforms. 

The aim of this study was to establish a quantitative sandwich ELISA using 

monoclonal antibodies of different epitope specificities to GAD65 for the sensitive 

and specific determination of the autoantigen in pancreatic islets, various tissue and 

cell extracts as  well as during the preparation and puiificatiou of GAD65-enriched 

fiactions from brain extracts. 
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ANTIBODY-BASED SANDWICH ELISA 291 

MATERIALS AND METHODS 

Generation of Monoclonal GAD Antibodies. Antibodv Screening and 

Characterization 

The GAD65-specifc monoclonal antibody (Me-GAD65-Ab) M63f2H3D9 

(isotype IgG2,,) was obtained after repeated immunization of a female Balb/c 

mouse with a GAD65 sequence of 91 amino acids from the NH2-terminus (19). 

The monocloual autoantibody M61/7E11 (isotype IgG,) was generated fiom a 

non-obese diabetic (NOD) mouse by treatment with a single intraperitoneal 

injection of a non-diabetic dose of 80 mg/kg body weight of the Beta-cell toxin 

streptozotocin as previously detailed (17). Further Mc-GAD65-Ab were generated 

after three immunizations of an 8-week-old female Balb/c mouse with 111-length 

human recombinant GAD65 (18-20). 

3 x lo7 mouse splenoytes were immortalized with 1 x lo7 cells of the myeloma 

cell line SP2/0 according to the method of Lane et. al. (21) as detailed previously 

(17, 18). After two weeks the supernatauts were screened for antibodies against 

GAD by an ELISA using chromatographically purified natural GAD fiom rat brain 

extract for coating microtiter plates or by coating with GAD-AAb containing 

immunoglobulins of a patient suffering fiom Stiff-man syndrome for capturing 

natural GAD as described in detail previously ( I  7, 22). The specificity of the 

monoclonals to both GAD isofom was detected by an ELISA-kit (elias, Freiburg, 

FRG) using human recombinant GAD65 and GAD67. Results were confirmed by 

fluid-phase radioimmunoassay using '251-labeIled human recombinant GAD65 and 

GAD67 ( 10). 

Immunoglobulin (Ig) concentrations and isotypes were determined by ELISA 

standard procedures as described elsewhere (23). Hybridoma supernatants of 
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292 SCHLOSSER ET AL. 

monoclonals contain concentrations of 45.2+4.0 mg IgA for M63/2H3D9 and 

23.3+3.0 mg Ig/l for M61/7E11 (mean+SD; n=3). 

Epitope specificity of Mc-GAD65-Ab was tested by an ELISA using human 

recombinant solid-phase coated GAD65 (0.03 pg/ml; Synectics Biotechnology, 

Stockhob Sweden). Two different Mc-GAD65-Ab of equal Ig concentrations 

were incubated single and both together. Bound Ab were detected by incubation of 

POD-conjugated rabbit anti-mouse IgG (Fc-specific; Jackson Immunores. Lab., 

Wilmiugton, USA) according to ELISA standard procedure (23). In comparison to 

single iucubatioo combiuated incubation will result h an increase of optical density 

(O.D.) if different epitopes are detected. Combinated incubation of two 

monoclouals but bearing identical epitope specificity will not achieve increased 

O.D. ia comparison to single incubation. Calculation of addition indices (A.I.) was 

performed according to the formula of Friguet et al. (24): 

- 1 x 100 1 2 x O.D. 112 
A.1. = __-______-----__-- 1I O.D. I + O.D.2 

Ifthe A.I. will be significant greater than 50%, different epitopes are recognized by 

the Mc-GAD65-Ab tested. 

Antibodv Purification and Biotin-Coniunation 

Mc-GAD65-Ab were purified after fractionated precipitation of Ig of ascites 

fluids at concentrations of 28% and 45% of saturated ammonium sulphate solution 

followed by extensively dialysis against phosphate-buffered saline containing 

0.1% sodium azide (PBSA) and stored at -20°C until use. Biotin-conjugation was 

performed by incubation of 1 mgml of purified Mc-GAD65-Ab, dialysed against 

coupling buffer (0.1 M sodium hydrogencarbonate buffer, pH 7.7), with 50 pg of 

biotin-X-NHS (Calbiochem GmbH, Frankhrt, FRG) in 50 p1 of dimethyl 
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ANTIBODY-BASED SANDWICH ELISA 293 

formamide for 30 min as detailed elsewhere (25). Separation of biotin-conjugated 

M6 1/7E 1 I fiom fiee biotin was performed by gelchromatography using Sephadex 

G 25 (diameter: 1.5 cm, length: 20 cm) in elution buffer (0.1 M sodium acetate / 

0.2 M sodium chloride, pH 5.0) and controlled by the Bio-Rad ECONO system. 

Pooled Ab fractions were dialyzed aghst PBSA and stored at -20°C until use. 

Preparation of Tissue Homogenates and Calibration Standard 

Heart, liver, kidney, spleen, muscle, testis and pancreas fiom five male adult 

Lewis rats were freshly prepared and separately homogenized with an Ultra-Twax 

(TP 18/10, 100 W) 5 x 15 sec on ice in lysis buffer ( 115; wtiwt) containing 0.2 mM 

pyridoxal-5'-phosphate (Merck, Darmstadt, FRG), I mM ethylenediamine 

tetraacetic acid-disodium salt (EDTA; Berlin Cheinie AG. Berlin, FRG), 1 mM 

phenylmethyl-sulfouylfluoride (PMSF; Sigma. St. Louis, USA), 1 mM (2- 

aminoethy1)-isothiouroniumbromid (Sigma, St. Louis, USA) and 1% Triton X- 100 

in 25 mM sodium phosphate, pH 7.4. M e r  soiiicatioii for 3 x 15 sec on ice 

(SONOPLUS HD70. MS 73; 156 W/cm2) the Iiomogeiiates were precleared by 

centrifugation at 3,000 x g for 15 min and the supeiiiatants were ultracentrifbged 

twice at 100,000 x g for 45 min at 4'C. Islets of neonatal NOD mice. Balb/c mice, 

Lewis rats and BB/OK rats were prepared by fiactionated collagenase digestion of 

pancreata as described detailed (26). 1,000 rat islets and 1,000 mouse islets were 

sonicated on ice and ultracentfiged at 100,000 x g as described above. 

Furthermore, 100,000 x g supernatants of 2 x lo6 cells of different cell lines, i.e. 

rat insulinoma cells (RINSAH-T2, -T3) and neuroblastoma cells (Neuro 2A) 

grown in RPMI 1640 supplemented with 7.5% fetal calf serum (FCS), pig 

cerebellum cells (CBS-R) and mouse pituitary cells (ATT) grown in DMEM/7.5% 

FCS, and baby-hamster-kidney cells (BHK-21) grown in MEM/7.5% FCS and 

neonatal Lewis rat Beta-cells separated by FACS were dispensed in 1 ml of lysis 
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294 SCHLOSSER ET AL. 

buffer, sonicated and centrifuged for 15 min at 100,000 x g. Whole brain extracts 

&om Lewis rat, Balb/c mouse and pig and pig cerebellum were prepared by the 

same procedure described above for Lewis rat organ extracts. A 4-fold 

concentrated 100,000 x g supernatant of rat brain was chromatographically 

purified by Sepharose CL-6B as matrix and was used as calibration standard for 

the quantitative GAD65-ELISA. Protein concentrations of all 100,000 x g 

supernatants of cell and organ extracts were deteiiniiied according to the method 

of Lowry et. al. (27). 

Ouantitative GAD65-ELISA 

Flat-bottomed microtiter plates of high binding capacity (Greiner, Niirtingen, 

FRG) were coated with the puritied Mc-GAD65-Ab M63/2H3D9 (25 pg/ml in 50 

mM sodium carbonate buffer, pH 9.6, 50 $/well) overnight at 4°C. After washing 

twice with phosphate-buffered saline containing 0.05% Tween 20 (PBST), 

nonspecific binding sites were blocked by 100 pVwell PBST supplemented with 

20% neoiiatal calf serum (NCS) for 1 h at rooin temperature (RT). After three 

washings with PBST, dilutions of the calibration GAD65-standard and samples 

diluted in PBST containing 5% NCS were incubated for 2 h at RT by shaking. 

After washing four times with PBST the biotin-labelled Me-GAD65-Ab M61/7E11 

was added (dilution 1/1,000 in PBST with 5% NCS, 50 pl/well) and incubated for 

2 h at RT under shaking. Bound Ab was visualized after incubation of alkaline 

phosphatase (AP)-conjugated streptavidhi ( l i1 ,OOO: Jackson Immunores. Lab, 

Wilmington, USA) for 1 h at RT followed by addition of the chromogenic 

substrate solution containing 2.7 mM p-nitropheuyl phosphate-disodium salt (p- 

NPP; Sigma, St. Louis, USA) in 1M diethauolainiiie/0.5 mM MgC12 buffer (pH 

9.8). After I h at RT O.D. at 405 nm (test wave length) and 630 nm (reference 
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ANTIBODY-BASED SANDWICH ELISA 295 

wave length) was measured by a Dynatecli reader MRX Revelation and GAD65 

contents of samples were calculated using cubic spline fitting. Alternatively, POD- 

streptavidin (1/5,000; Jackson Immunores. Lab, Wilmington, USA) was used and 

colour development (0.5 h at RT) was performed as described elsewhere (23). The 

chromatographically purified rat brain extract used as GAD65 standard was 

calibrated by full-length human recombinaut GAD65 (purity: 95%) expressed via 

infection of Spodoptera fmgiperah cells (Synectics Biotechnology, Stockholm, 

Swedeii). 

RESULTS 

The mc-GAD-Ab M63/2H3D9 and M6 i/7E I I ,  used in standard assay, 

specifically recognize GAD65 (O.D.490iun*SD: 0.58*0.09 and 2.71i0.08; n=3) 

without any cross-reaction to GAD67 (O.D,490im*SD: 0.08*0.01 and 0.04+0.01) 

in an ELISA-kit using human recombinant GAD65 and GAD67 solid-phase 

coated. 

Both Mc-GAD65-Ab recognize distiict epitopes of the molecule as 

demonstrated by an ELISA using solid-phase coated human recombinant GAD65. 

The GAD65 binding of M61/7Ell and M63/2H3D9 alone amounted to 

0.837k0.02 (mean O.D.490mkSD; n=4) and 0.345*0.03 (u=4), respectively, and 

for the simultaneous incubation of both Ab 1.069*0.05 ( P 4 ;  A.I.=80.8%). 

After optimizing the dilutions of capture Ab (M63/2H3D9) and detector Ab 

(M61/7E11) the GAD65 standard was calibrated usiug human recombinant 

GAD65 (first dilution: 25 ng/ml). The GAD standard from rat brain contains 127 

ng GAD65/ml and was used in every test. By applicatioii of POD-strepavidin to 

detect GAD65-bound biotin-M61/7E11, the detection limit (mean O.D.+3SD of a 

GAD-free rat brain extract; n=20) was 0.3 ng/ml ( 1 5  &well or 0.23 fhollwell; 
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Fig. 1). Usiug AP-streptavidin as conjugate, the sensitivity of the assay could be 

si&cant enhanced up to 10-fold (detection limit: 0.03 iig GAD65/ml, i.e. 1.5 pg 

GAD65 or 0.023 tinol per well of a microtiter plate; Fig. I). Other mc-GAD-Ab 

recognizing confoiinational GAD65 epitoyes were tested either solid-phase coated 

as capture Ab or biotinylated as detector Ab. However, all other antibody pairs 

show less sensitivity ranging from 0.045 up to 0.94 ng GAD65/ml although the 

determined GAD65 contents of unknown samples were comparable (data not 

sliow~i). The inverse combination of M6 117E I I solid-phase immobilized and the 

biotinylated M6312H3D9 as detector results in a 36-fold Iugher detection limit of 

1.08 iig GAD65/ml compared to the standard assay. 

As SIIOWI in  Tab. IA the GAD65 content of islets of BB/OK rats 

(37.4 ng GAD6511.000 islets, i.e. 19.3 ng GAD651mg protein) and Lewis rats 

(43.7 ngi1,OOO islets, i.e. 20.4 ng/mg) was comparable whereas GAD65 was not 

detectable in mouse islets of both Balb/c and NOD mice 

Aiialyzirig the GAD65 content of cell liomogenates the highest amount was 

determined in rat Beta-cells (6.27 ng/l x lo6 cells corresponding to 13.75 ng 

GAD651ing protein; Tab. 1B). GAD65 contents of I x lo6 RIN 5AH-T2 

(1.58k0.24 ng) and RIN 5AH-T3 cells (1.55*0.41) was comparable but 4-fold 

lower vs. rat Beta-cells. CBS-R and ATT cells contain low but signiscant 

detectable amouuts of GAD65 whereas no GAD65 was detectable in Neuro 2A 

and BHK-2 I cells (Tab. 1B). 

The highest GAD65 concentration was detected in brain extracts of merent  

species (Fig. 2 ,  left part). The GAD65 content of pig cerebellum (514.8 ng 

GAD65/mg protein) was about 10-fold higher compared to whole pig brain 

extracts (55.1 ng/mg; mean of three speyarate experiments). Except brain, 

pancreas and heart extracts no GAD65 was detectable hi 100,000 x g supernatants 

of liver, kidney, muscle, spleen, testis extracts of Lewis rats (Fig. 2, right part). 
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* POD-Streptawdin + AP-Streptavldin 

2.5 

100 25 6.25 1.56 0.39 0.095 0.023 

GAD65 [nglmll 

FIGURE I Standard dilution curves of Iiurnan recoinbiiiaiit GAD65 using POD- 
conjugated streptavidin (.) vs. AP-coiijugated streptavidin (.) 
accordiiig to the standard assay protocol. The application of AP- 
streptavidin enhances the sensitivity of the assay by factor 10 
resulting in a detection limit of 0.03 iig GAD65imd compared to 0.3 
ugh1  for the POD-streptavidiii. The detection limit (indicated by the 
arrows) was calculated fiom the meail O.D. + 3xSD of a GAD-fiee 
braiii earact. 

The GAD65 conteut per mg protein amouuted to 243.8528.8 ng/mg for rat brain 

compared to rat pancreas 0.29*0.06 ng/mg aiid heatt 0.1 liO.01 (data are given as 

meaniSD of 5 rats). Thus the GAD65 concentratiou in rat brain was 

approximately 1,000-fold higher than in rat pancreas aud 3.000-fold higher than in 

rat heart. GAD65 content of rat liver, kiduey, muscle. spleen aud testis was below 

the detectiou limit of this sandwich ELISA. A nonspecific binding of streptavidin 
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TABLE 1: 

SCHLOSSER ET AL. 

GAD65 Contents of pancreatic Islets [A] and different Cell Lmes [B] determined 
by GAD65-ELISA (Data are given as Mean*SD of three Determinations; a d . :  not 
detectable) 

[A] animal strain GAD65/1,000 islets GAD651protein 

[%I [ndmgl 

BB/OK rat 37.4 + 5.9 19.28 + 3.6 

Lewis sat 43.7 + 5.1 20.44 f 3.4 

NOD mouse < 0.0 I5 < 0.016 

Balb/c mouse < 0.015 0.016 

[BI cell line GAD6511 x lo6 cells GAD65iprotein 

[%I [ng/mgl 

CBS-R 0.49 * 0.09 3.03 + 0.28 

Neuso 2A n.d. n.d. 

ATT 0.68 + 0.08 4.14 * 0.47 

RIN 5AH-T2 1.58 + 0.24 6.79 If 0.38 

RIN 5AH-T3 1.55 f 0.41 5.48 * 0.49 

BHK-2 I n.d. 1i.d. 

Beta cells (rat) 6.27 f 0.71 13.75 + 0.95 
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10.35 

600 

'0 

brain extracts organ extracts (LEWIS rat) 

FIGURE 2. GAD65 couteuts per protein [iighng] of 100.000 x g supernatants of 
whole brain extracts of pig, mouse. rat aiid pig cerebellum extract 
quantified by the GAD65-ELISA (left pait;  data are given as 
ineaii*SD of three separate expeiiinents). Coinparison of GAD65 
couteiits of 100,000 x g supematants of different organ extracts of 
Lewis rats (right part; data are given as mean*SD of 5 Lewis rats). 
GAD65 could only be detected in brain. pancreas and heart of Lewis 
rats. I n  rat braiu tlie GAD65 coiiceiitratioii was approximately 1,000- 
fold higher compared to pancreas and 3?000-fold higher compared to 
heart. 

conjugates to tlie plates (which could not be blocked) was detectable in liver and 

kidney extracts. To v e m  positive results of tissue extracts iuvestigated, modified 

ELISA technique was performed by means of absence and presence of biotin- 

conjugated detector antibody. 

Fig. 3 demonstrates a fkther application of tlie GAD65-ELISA, i.e. the 

determination of GAD65-containing fractions duriug the chromatographic 

purification of 4-fold concentrated 100,000 x g supernatant of rat brain extract to 

prepare the calibratiou standard used in every assay. 
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720 

i 15 

. 
'0 

0 5 10 15 20 25 30 

fraction number 

FIGURE 3. Determinatioii of GAD65 (ng/ml: solid line) in relation to the protein 
content (iug/inl; dotted h e )  iu fractions eluted by gel 
cliroinatography of concentrated (4  fold) 100.000 x g supernatant of 
rat brain extract ushg Sepharose CL-6B as inatiix. 

Noiiioiiigeiiic detergeuts such as Tiitoil X- 100 and Triton X- 114 could 

innueuce the assay ody in conceutratious higher than 0.25% by decreasing 

sensitivity. 

The reliability of the GAD65-ELISA characterized by the coefficients of 

variation (CV) at 0.39 u g / d  was 3.8% for the iiitraassay (i.e. 20 determinations 

per plate) aud 9.8% for iuterassay (i. e. 20 detenniiiatious over 20 days). 

DISCUSSION 

Although various methods for detection and differentiation of GAD-AAb in 

sera of IDDM and yrediabetic patients are kaowi (28), seiisitive assays for the 

quantification of GAD as autoantigen have uot yet been described. 
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~ommoii assays for quantitative GAD enzyme acitivity measurement via 14c- 
glutamate are time consuming and fail to differentiate GAD i s o f o m  unless 

additional tests for pyridoxal-5'-phosphate dependency of enzymatic activity are 

performed (3, 29, 30). Immunoprecipitatioii of labelled GAD, Western Blotting or 

imrnunohistochemical analysis are only semiquantitative but allow to discriminate 

between GAD65 and GAD67 (31, 32). 

This paper describes a sensitive sandwich ELISA to quantify the 65 kD isoform 

of the enzyme GAD, which is the major autoantigen targeted by AAb of newly 

diagnosed D D M  and prediabetic patients (6, 8. 10). The assay is based on two 

monoclonal antibodies specifically recoguizitig GAD65 by two different epitopes 

without any cross-reaction to GAD67. Only the combination of the immobilized 

capture antibody M63/2H3D9, generated aRer immunization with a GAD65 

sequence of the first 91 amino acids fiom the NH2-teiininus (19), and the biotin- 

conjugated detector antibody M61/7E 1 1, derived froin a non-obese diabetic 

(NOD) mouse (17) and recognizing a h e a r  epitope located in the NH2-terminal 

region (epitope 4- I7), and the application of the biotin-streptavidin system (33) 

enables to quantifl GAD65 with the described high sensitivity. Using POD- 

streptavidin the detection limit was 0.3 ng GAD65/ml wliich could be W e r  

enhanced by factor 10 to 0.03 ng/mlusing AP-streptavidin corresponding to 1.5 pg 

or 0.023 fino1 GAD65 per well of a microtiter plate This iinprovement is due to 

reduced non-specific binding and improved colour stability. All other 

capture/detector pairs of Mc-GAD65-Ab tested. foi example Mc-GAD65-Ab 

recognizing confoi-matioual GAD epitopes, result in a reduced sensitivity of the 

assay, although the determined GAD65 contents of different organ extracts are 

identical with results obtained with the standard assa! (data not shown). Also the 

inverse Ab combination, i.e. the M61/7E11 as  capture and the biotin-labelled 

M63/2H3D9 as detector results in a 36-fold loss of sensitivity (detection limit: 1.08 
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ng GAD65/1nl). Moody et al. (34) using POD-streptavidin in a GAD65-ELISA 

with the monoclonal GAD-1 (16) solid-phase coated for capturing GAD and the 

biotin-labelled monoclonal GAD-6 as detector reported a detection limit of 5 ng 

GAD65/1nl. Thus affinity of monoclouals, valeiicy of antigen-antibody interactions 

and non-specific binding are of importance for sensitivity of a sandwich ELISA. 

Furthermore, biotin conjugation could influence behaviour of antigen binding of 

certain monoclonals resulting in lower seusitivity of immunoassays. 

Our quantitative data with islets of NOD and Balb/c mouse confirm 

immunohistocheinica1 findings that GAD65 is either not or to a very small amount 

expressed in mouse pancreas (17, 31, 32). Regarding to the sensitivity of our 

ELISA, the GAD65 content in one mouse islet is lower than 0.015 pg. Thus, 

compared to one BB/OK rat islet (37.4 pg GAD65) the GAD65 content of one 

mouse islet is about 2,500 fold lower. Contrary to our findings GAD65 could be 

detected by other groups on a very low level in mouse islets (32. 3 5 ) .  Furthermore, 

the generation of specific GAD65 mouoclonal antibodies (as our detector antibody 

M61/7E11) by treatment of a NOD mouse with streptozotocin and complete 

Freund’s adjuvant (17) suggests the expression of GAD65 in mouse islets. 

However, this Mc-GAD65-Ab did not detect GAD in  ci-yosections of mouse 

pancreas as also sliown for GAD65-AAb froin IDDM patients which will 

immunostain human and rat islets but not mouse islets (35). 

As demonstrated by this study our moiiocloiials are reactive with GAD65 of 

human, rat. mouse and pig. This is in accordance with the described high identity 

of amino acid sequences (greater than 950/) of brain GAD65 of different species 

such as huinan, pig, rat or cat (1, 29, 30. 36). Therefore it is justified to use 

monoclonals raised against GAD65 of different species to quantfi GAD65 of 

different species. In addition, it could be demotistrated that the homology of 

GAD65 ui btaiii aud pancreatic islets is 99.4 to 100°/b ( 3 7 ) .  Our results have shown 
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high GAD65 contents in brain of rat, mouse and pig. The low GAD65 content of 

mouse brain compared to rat brain miglit be due to a higher GAD67 expression in 

brain of NOD and Balb/c mouse as also demonstrated for mouse islets (no GAD65 

detectable). The amount of GAD65 iu pig cerebellum was found to be 10-fold 

higher compared to whole pig brain. 

Analyzing the 100,000 x g supernatants of different organ extracts of Lewis 

rats, GAD65 was ouly detectable iU brain, pancreas and heart. The GAD65 

concentration iu brain was found to be 1,000-fold higher compared to pancreas and 

about 3,000-fold higher than in heart of rats. In liver, kidney, spleen, muscle and 

testis of aniinals no GAD65 could be detected This discrepancy to the reported 

detection of GAD in liver, kidney, spleen, testis (GAD67 only) or oviduct (2, 30) 

can be interpreted either by very low levels of GAD65 expression iu these tissues. 

On the other hand an iuability to distinguish between GAD67 and GAD65 using 

enzymatic assays, the use of not exclusively GAD65-specific antisera for 

immunohistocheinical investigations or the occurrence of other GAD isoforms like 

a recently described uew integral membrane protein fiom pig brain with a native 

molecular weight of 120 kD (homodimer of 60 kD) might explain these differences 

(38). Furthermore, a non-specSc binding of tissue extracts containing high protein 

concentrations which might cause false positive results must be taken into 

consideration. This was also observed in our ELISA in rat liver and kidney extracts 

inducing high non-specific binding (not GAD65) of streptavidin conjugates. 

Summarizing our results, a sensitive assay for detection and quantification of 

GAD65 in various tissue and cells extracts as well as during the preparation of 

GAD65-enriched fractious was established. The assay is technically easy to 

perform, highly reproducible and allows to quantifj, sinall amounts of this 

important autoautigeu IDDM. 
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