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   Ahetcrogeneous microplate enzyme inlmunoassay wlth a sensitivity of工O pg/m1(1 pg/

assay)toward gentamicln has been developed fbr the detection of alninoglycoside antiblotics in

fe rmentation broths. Purified gentamicin antibody was coated onto the surface of the wells

of microtiter plates and incubated with gentamicin-alkaline phosphatase conjjugate、 The

anlount of enzyme bound to the antibody was quantified by measurin.g the change in absorbance

at 410nm after the addition of the substrate,p-nitrophenylphosphate, Competitive assays

performed by incubating the antibody and enzyme conjugate with various aminoglycosides

showed that the antibody probe cross-reacted with allaminoglycQsides tested,except neomycins

Band C. No cross-reaction was detected with non-aminoglycoside antibiotics. Complex

fe rmentation broths did not interfere with this assay. Cultures known to produce amino-

glycosides were detected at levels well below the concentrations required for antimicrobial

activity. This technique is useful in the identification, quantification and screerLin.g of fermen-

tation metabolites.

    Agar diffusion assays using indicator microorganislns have been conventionally used for the detec-

tion of antimicrobial activity in fbrmentation brotlls. Assays of this type normally require ove1・nlght

incubation, and resuhs are not available ulltil the llext day. Illformatlon obtained froln this assay as

represented by the zone of inhibition indicates only the presence of antimicrobial activity without neces-

sarily providing hlformatlorl about the class ofantibiotic detected. As the discovcry of new antibiotics

becomes more diffiult, illcreased assay sensitlvity, shorter assay time, and eariy indication of antib{otic

class would greatly facilitate the discovery process.

    We have demonstrated the feaslbility of detecting slna11 molecular weight lnetabolites such as anti.

biotics in fermentation broths using an enzyme immunoassay. Immunoassays of various types have

beenwidelyused inclinical and microbiological laboratories fbr the detection and quantification ofdrugs,

antibodies and hormones in body fluids1). Such assays provide a high level of sensitivity and specificity.

Recently, enzyme-linked immunosorbent assays(ELISA)have been applied to the rapid detectioll and

quantifiation of mycotoxins such as aHatoxin B1, aHatoxin Ml, ochratoxin A, and T-2 toxlns in agricu1.

tural cornmodities and chnlcal specimens2～5). Using aminoglycoside antibioticsεLs a model system, we

have successfully developed an ELISA for detecting low molecular weight compounds in fermelltation

broths. This paper describes thc develoPment of this assay, the cross-reactivity of the antibody probe

used, and the apPlication ofthis technique to the screening for novel fermentation products.

 †This report was presented in part at the 84th Annual Meeting of the Alnerican Society for Microbiology,

St. Louis, Missouri, March 4～9,1984
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Experimental

    Medium

    Glucose-peptone broth consisted of glucose 1%, black strap molasses 2%, peptone(Bacto)05%

and CaCO30.2%, pH 6.9.

    Antibacterial Assay

    Bacillus subtilis ATCC 6633 grown on yeast-peptone agar was used in agar disc(6 mm)diffusion

assay. The agar consisted of peptone(Bacto)0.6%, yeast extract 0.3%, beef extract O.15%and agar

2%,pH 7.2, Zones of inhibition were recorded after 18hours of incubation at 37℃.

    Chemicals

    The antibiotic samples used for the investigations were as follows:gentamicin sulfate, chlorampheni-

co1, actidione, sodium novobiocin, kanamycin A sulfate and streptomycin sulfate(commercial, Sigma

Chemical Company);tetracychne hydrochloride(commercia1, ICN Pharmaceuticals);avoparcin

(Lederle L.aboratories, Pearl River, N.Y.);ristocetin A, R)rtimlcin B, spectinomycin(Abbott Labora-

tories, North Chicago, IL);sisomicin(Schering Corp.,Bloomfield, N. J.);kanamycins A and B, sorbistin

B(Bristol Laboratories, Syracuse, N. Y.);seldomycin(Kyowa Hakko Kogyo, Tokyo, Japa11);strepto・

thrici11(Upjohn Co., Kalamazoo, M I);butirosin, paromomycin(Warller-Lambert, Parke-Davis, Ann

Arbor, MI);validamycin(Takeda Chernlcal Ind., Osaka, Japan), Globulin-free bovine serum albumin

(BSA), used as diluent fbr the enzyme conjugate, was also obtained from Sigma Chemical Company.

Other antibiotics were obtained from Lilly Research Laboratories and other chemicals were com-

mercially available.

    Gelltamicill Antibody

    Goat alltiserum(Miles Laboratories)to gentamicin was purified by 30%and 45%ammonium su1-

fate precip1tationsG)followed by overnight dialysis at 4。C against several changes of 0.04 M sodium phos-

phate buffer(pH 8.0). The dialyzed precipitate was further purified by ion-exchange chromatography

on a DEAE-Sephadex A-50(Pharmacia Fine Chemicals)column equilibrated in the same buffer. Puri-

fi ed gentamicin antibody was eluted from the column by a gradient consisting ofsodium phosphate buffer

of increasing concentration(0.04～1.O M)and pH(8.0～4.4). ELISA-active fractions were pooled, con-

centrated by a stirred cell(Alnicon model 402)with a XM100A ul亡rafilter at 4℃, and dialyzed overnight

at4℃against several changes of phosphate-buffered saline(PBS, pH 7,4)containing O.1%sodium azide.

This stock antibody solution was stored at 4C.

   Preparatbn of Gentamicin-alkaline Phosphatase Conjugate

   Alkaline phosphatase(Sigma, type VII-S)was dialyzed overnight against several changes of PBS

at 4℃, followed by conjugation ofenzyme(5 mg)to 30μg ofgentamicin utilizing O.2%glutaraldehyde7).

    Enzyme-1inked Immunosorbent Assay

   The ELISA procedure was based on a modification of VoLLER et al.7). Microtiter plates(Costar

3590)werc used as the solid phase. Purified antibody was diluted in coating buffer(sodium carbonate-

blcarbollate, pH 9,6)and the wells were sensitized overnight at 4℃with O.21nl of this dilution. The

wells were washed 4 times with PBS containing O.01%Tween 20(PBS-Tween). For antibody titration,

gentamicin-alkaline phosphatase conjugate(1.2 mg protein/m1)was diluted(1/1,250)in PBS contain-

ing O.5%( .w/v.)BSA(PBS-BSA)and O.2 ml was added to microtiter wells treated and untreated with

serlal dilutions of antibody. For comparison, an equal concentration of unconjugated enzyme was also

added to antibody coated wells. The plates were incubated fbr 2 hours at 37℃, washed 4 times in PBS-

Twee11, and then reacted for 30 minutes with O.3 ml of p-nitrophenylphosphate substrate solution. The

reaction was terminated by the addition of O.05 ml stopping reagent(3 N sodium hydroxide), and total

bound conjugate was determined spectrophotometrically at 410nm using a Dynatech MR600 micro-

Plate reader.

   For the competltive ELISA,0.l ml of antibiotic solution in PBS-BSA or fermentation broth was

added to wells previously coated with O.2 ml of 1/3,200 dilution of antibody in coating buffer, This

was followed by addition of O.1 ml of a 1/625(1.9μg enzyme protein/ml)dilution of enzyme conjugate

in PBS-BSA. Plates were incubated and bound conjugate determined as described above.
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Fig.1. ELISA titration curve for gelltamicin anti-

 body.

   Titration pcrfbrmed as described in Experimental

 section. Symbols:(△)Gentamicin antibody as-

 sayed with gentalnicin-alkaline phosphatase con-

 jugate;(○)gentamicill antibody assayed with un-

 conjugated enzyme;(□)antibody-free PBS-BSA

 treated wells assayed with gentamicin-alkaline phos-

 phatase conjugate.

   Results represent average of triplicate assays.

Fig.2. Dcterlninatbn of optimum antibody con-

 centration fbr competitive gentamicin ELISA.

   Antibody diiutions: (●) 1:400; (二) 1=800;

  (○) 1:1,600;(口) 1:3,200.

   0.1 ml of sample was assayed ill each well;10pg/

  assay is equivaient to lOO pg/ml of sample, Results

  represent average of triplicate assays.

Results and Discussions

ELISA Titration of Gentamicin Antibody

    To determine the binding capacity of the conjugate for the antibody, an ELISA titration was per-

fbrmed. The first well in the dilution series to yield an absorbance comparable to that of the uncon-

jugated enzyme was considered as the titer end point. The results in Fig.1show that the conjugate

bound specifically to the antibody with a maximum absorbance of 1.4 at 1/100 dilution and a titer end

point of 1/100,000 dilution of the antibody. The unconjugated enzyme, however, showed neghgible

binding to the antibody as reflected by the low absorbance values. Conjugated enzyme did not bind to

the weUs in the absence of the antibody. The results suggest that the antibody coating procedure was

effective, and the noise to slgnal ratio of the assay as indicated by the low background was favorable.

Effects of Alltibody Dilutions on Competitive Gentalnicin ELISA

    To establish the optilnal assay conditions for gentamlcin detection, it is necessary to determine the

antibody dilution which will yield Inaximum sensitivity and greatest range of dete.ction. Tbe effects of

incubating the conjugate with free gcntamicin were therefore determincd at 41evels of the antibody(1:

400;1:800;1:1,600;1:3,200dilutions), and plotted as a function of percent maximal absorbance(Fig.

2).In a competitive assay, the quantity of bound colljugate to the alltibody decreased with increasing

concentration of free gentamicin. Signifiacantly reduced absorbance values were produced when com-

pared to a gentamicin-free control set as 1OO%maximロm absorbance.

    Maximal detection range and sensitivity were obtained at l/3,200 dllution of the antibody, and this

concentration was used for further competitive assays. Higher antibody concentrations may require

significantly n、ore gentamicin for the displacement of the conjugate, thus decreasing the sensitivity of the
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assay. It was also suggested by ENGVALL et al.8)that at high antibody concentrations the antibody is

less efficiently bound and detaches during the incubation process. Since free antibody would compete

R)rthe hapten more effectively than the bound antibody, there would be a resultant loss in sensitivity.

At 1/3,200 dilution, the most sensitive antibody concentration tested, the detection range of gentamicin

was l to 100 pg/assay or 10 to 1,000 pg/ml of sample.

Cross-reactivity of Gentamicin Antibody to Various Classes of Antibiotics

   To determine the specificity of this assay, the cross-reactivity ofthe antibody with different classes of

antibiotics was examined with competitive ELISA. Solutions containing antibiotics at 100,10 and

1μg/ml in PBS-BSA were assayed, and the results reported at 100μg/ml are shown in Table 1. No

cross-reactivity of the antibody was detected with the antibiotics tested except the aminoglycosides,

gentamicin and streptomycln, indicating that the assay is highly specific.

   The cross-reactivity of various aminoglycosides was also examined with this antibody. Utilizing a

90%maximum absorbance as the cut-off point fbr positive response, it was found that this antibody

cross-reacted in varying degrees with all aminoglycosides tested except neomycins B and C(Table 2).

In addition to gentamicin, the antibody exhibited strong cross-reactivity(1ess than 15%max OD)

against sisomicin, fortimicin B and seldomycin. Good to moderate cross-reactivity(15～50%rnax

OD)was achieved against 100μg/ml solutions of tobramycin, kanamycins A and B, spectlnomycln,

apramycin and hygromycln B. Weak cross-reactivity(50～90%max OD)was observed against 100μg/

ml solutions of butirosin, streptomycin, paromomycin, validamycin A and sorbistin. In most cases,

these compounds could be detected below Iμg/ml level and well below the concentrations required for

antimicrobial activity. Streptothricin, a compound structurally related to aminoglycosides, was cross-

reactive only at lOOμg/m1. This antibody was also found to cross-react with semi-synthetic aminogly-

cosides such as netilmicin(4.0%max OD), dideoxykanamycin B(37。8%max OD), amikacin(70.3%

max OD)and dihydrostreptomycin(78.5%max OD)at 1μg/ml Ievels(results not shown in Table 2).

   The results suggest that although the antibody probe used in this assay is highly class-specific, it

does offer good cross-reactivity with members of the aminoglycoside family. This antibody, therefore,

may serve as an ideal probe for detecting aminoglycoside-producing cultures in fermentation. If, how-

ever, quantification and identification of indlvidual members of the aminoglycoside class is desired, a

more specific probe may be preferred. For this purpose, the use of a monoclonal antibody which would

Table 1. Cross-reactivity of gentamicin antibody with antibiotics in gentamicin ELISA .

  Antibiotic

Benzylpenicillin

Tetracycline

Erythromycin

Vanconmycin

Avoparcin

Ristocetin A

Chloramphenico1

   Zone of
 inhibition vs.

B.subtilis (mm)*

     28
     19
     32

     18

     17
     15

     16

Percent

 max

OD**

100

100

  97.9

100

  99.9

100

100

  Antibiotic

Monensin

Actidione

Cycloserine

Novobiocin

Gentamicin

Streptomycin

Control**

   Zone of
 inhibition vs.

B.subtilis(mm)*

     14

     20

     21

Percent

 max

OD**

100

 100

 100

 100

 く2.3

 45.5

 100

   PBS-BSA solutions spiked with antlbiotics and O.1 ml of sample was assayed in each well. Results

represent average of triplicate assays.

*Agar disc(6mm)diffusion assay
. Concentration of antibiotic;100μg/ml.

  ** PBS-BSA used as control was set as 100%rnaximum optical denslty(max OD).
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provide for greater specificity should be considered.

                    Effects of Fermentation Media on Gentamicin ELISA

    To establish whether organlc constituents infermentation broth interfere with the assay, a competi.

tive ELISA was performed on both uninoculated glucose-peptone broth and PBS-BSA solution spiked

with gentamicin at various concentrations. As indicated by the dose-response curves(Fig.3), no signi一

fi cant diffence jn assay kinetics was observcd between gentamicin-spiked broth or PBS-BSA suggesting

that this fbrmentation medlum does not interfere with t1、e assay. Similar results were also obtailled with

other complexfermentation media(unpublished data).

    Since this is a solid phase heterogeneous assay, in which the unreacted corljugate and other inter-

fe rring materlals are washed off from the solid support, interference and background of the assay are

minimized. Therefore, only the conjugate retained on the surface of the well contributed to the 6nal

reading. The addition of O.5% BSA to the gentamicin-enzyme conjugate in PBS also greatly reduced

Table 2. Cross-reactivity of gentamicin antibody with aminoglycosides in gentamicin ELISA.

 Amino-
 glycoside

Gentamicin

Sisonlicin

Fortimycin B

Seldomycin

Tobramycin

Kanamycin A

Kanamycin B

Spectinomycin

Apramycin

(μ.g/ml)

100

10

  1

100

10

  1

100

10

  1

100

10

  1

100

10

  1

100

10

  1

100

10

  1

100

10

  1

100

10

 1

Zone of

inhibition

   vs.

B.subtilis(mm)*

   18

   14

   10

  20

   15

   11

   T

  20

   14

   T

  19

  15

  10

  23

  16

  11

  22

  15

  10

  12

  22

  16

   T

Percent

 max

OD**

  7.1

  6.2

  5.9

  3.5

  3.5

  3.5

  4.1

  5.3

24.6

11.5

42.1

62.8

18.2

32.2

52.5

17.8

34.3

52.8

19.0

32.2

50.1

42.6

68.0

78.2

43.0

62.5

77.8

ELISA***
Amino-

 g1ycoside

Hygromycin

Butirosin

Streptomycin

ParOmOmycin

Validamycin

Sorbistin B

Streptothricin

Neomycins
  BandC
Control**

(μg/ml)

. 100

   10

    1

  100

   10

    1

  100

   10

    1

  100

   10

    1

、 100

   10

    1

  100

   10

    1

  100

   10

  100

Zone of

inhibition

  VS,

B.subtilis(mm)*

  12

  22

  15

   T

  25

  20

  10

  19

  15

   T

12

T

I4

Percent

 max

OD**

47.8

70.1

74.3

59.6

70.4

67.1

65.2

79.0

87.7

72.5

74.0

76.4

73.6

75.3

78.9

76.7

76.2

76.6

53.3

91.0

97.5

100

ELISA***

   PBS-BSA solutions spiked with aminoglycosides and O.1 ml ofsample was assayed ineach well. Amino.

glycosides are】isted in descending order of cross-reactivlty. Results l'cpresent average of triplicate assays.

 * Agar disc(6 mm)diffusion assay, T:Trace.

** PBS-BSA used as control was set as 100%maximum optical denslty(max OD) ,

*** ELISA response: 90～100%=一(negative)
,<90%=十(positive).
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non-specific binding, thus providing a Iow assay

background.

   Detectlon of Anlinoglycoside-producing

         Cultures in Fermentation

   To determine if this assay is capable of

detecting cultures producing amino91ycoside an-

tibiotics, reference organisms known to produce

aminoglycosides were grown in glucose-peptone

broth. Results(Table 3)from these studies

indicated that gentamicin and sisomicin pro-

ducers, as expected, yielded strong Positive re-

sponses。 Fortimicin and kanamycin producers

were detected despite their poor antimicrobial

activity. A good positive response was also

observed with streptomycin-and paromomycin-

producing cultures. Although pure neomycins

Band C did not yield a positive response in our

cross-reactivity studies, this particular neomycjn producer exhibited a positive reaction in this assay.

It is highly possible that this culture was producing multiple factors of neomycin such as neomycins E

and F also known as paromomycins I and II, respectively9). Paromornycln was shown to elicit a posi.

tive response(Table 2)with this antibody. Anegatlve response, however, was observed with a weak

streptothricin-producer.

   Since the antibody is directed towards gentamicin, it is obvious that gentamlcin, and its structural
analog sisomicin, gave a strong positive response as indicated by the nearly total displacement of the

enzylne conjugate. This antibody may be used fbr the quantification of gentamicin, sisomicin and

Fig.3. Effects of glucose-peptone broth on com-

  petitive gentamicin ELISA.

   Uninoculated glucose-peptone broth(●)and PBS-

 BSA(△)solution were spiked with gentamicin at

 various concentrations and assayed. Results re_

 present average of triplicate assays.

Table 3. Detection of aminoglycoside-producing cultures in fermentation,

Organism*

Micromonospora sp.

.

Streptomyces sp.

M.echinospora

M.purpurea

M.inyoensis M.olivoasterospora

S

.albogriseolusS

.kanamyceticusS.rimosusS

.bikiniensisS

.griseusS

.lavendulae

Contro1(broth)**

ATCC

 No.

15838

15835

3292***

21819

23875

12853

14827

11062

10137

19777

 Antibiotic

Gentamicin

Gentamicin

Sisomicin

Fortimicin

Neomycin

Kanamycin

Paromomycin

Streptomycin

Streptomycin

Streptothricin

Zone of inhibition
  VS. B.subtilis
     (mm)

      14
      17
      13

      11

     trace
      21
      22

      11
     trace

 Percent

max OD**

  <1

  <1

  <1

  37

  53

  45

  60

  50

  40

  100

  100

  * Cultures were grown in 250-mmasks each containing 50 m191ucose-peptone broth for 4 days, at 30℃

    and 250 rpm.0.1 ml of broth was assayed in each well. Results represent average of triplicate assays.
** Uninoculated glucose -peptone broth used as control was set at 100%maximum optical density(max

    OD).
*** NRRL
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fortlmicln B which have shown good reactlvity or strong affinity fbr the antibody.

    In conclusion, we have demonstrated the feasibility of using an enzyme irnmunoassay to detect the

production of fermentat1on metabolltes. The determination of low molecular weight compounds by

enzyme immunoassay can only be done by cGmpetitlve bin∫lng assays since these haptens generally lack

two binding sites to which antibodies can bind without interfbrencelo). The polyclonal antlbody used

in thls assay offered high specificlty in detecting only aminoglycoslde-related antlbiotics and, at the same

time, provided good cross-reactlvity among members of this family. These assays, by nature of their

specificity and sensitivity,1end themselves to the identification and, if desired, ear!y ehmination of anti・

biotics of a specific class. Fermentation metabolites may be quantified with more sensitivity and pre-

cision than by conventional antimicrobial assays. This type of assay is especial1y useful in strain im.

provement and fermentation scale-up studies, Finally, due to the type of automated equipment avail-

able commerciaIly, this technique is amenable for high volurne screelling and detection of fermentation

metabolites.
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