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INTRODUCTION

Avidin is a basic glycoprotein (pI=10) with a
molecular weight of 66 kDa and is composed of 4
subunits. Each subunit has one biotin-binding site,
and the avidin-biotin binding constant, 10!* M, is
known to be the highest in the biological system.
Streptavidin also has 4 subunits those bind to biotin
with similar affinity with avidin. Unlike avidin,
streptavidin is a neutral protein with a molecular
weight of 60 KDa and the possibility that one can
increase the binding site concentration by conjugat-
) !ing either avidin or biotin molecules to antibody, this
avidin-biotin binding system has been applied to
enhance tumor to normal tissue ratios for scintigra-
phic imaging of tumors.

In spite of a potential complication due to the
modulation of target antigens upon binding to anti-
body or possible interference of endogenous biotin, a
two-step or three-step approach using In-111 labeled
biotin has been applied to visualize tumors in nude
mice'~® and also in human patients with some
success®™®.

Since In-111 labeled biotin or avidin was reported
to clear from whole body faster than intact antibody,
we thought that **™Tc¢ coupled to this avidin-biotin
system also might be useful for a two-or three-step
approach for the scintigraphic detecton of tumors.
We have first labeled biotin with *™Tc after con-
jugating Ne-biotinyl-L-lysine with benzoyl-MAGS3,
expecting that the polar nature of the core of *™
Tc-MAG3 complex would have made the conjugate
be excreted through kidney. However, it accumulat-
ed rapidly in liver (>86% ID/g at 5min) and was
excreted through hepatobiliary system, similar to **®
Tec diisopropyliminodiacetic acid (**"Tc-DISIDA)®.
This paper describes the modification of avidin with
succinic acid, and finally their biodistribution in

normal mice.

MATERIALS AND METHODS
1. Conjugation of Succinic Acid to Avidin

To reduce the pl of avidin (Fluka Chemika-
BioChemika), succinic anhydride (1.2mlof 2.4X10~
2 M) dissolved in DMSO was added to avidin solution
(12ml of 3.8x107°M) in 0.08 M sodium bicarbonate
buffer, pH 8.2. The solution was mixed well and the
conjugation reaction was continued at room temper-
ature for 1 hr. The succinic acid-conjugated avidin
was fractionated based on differences in isoelectric
point using a preparative isoelectric focusing instru-
ment (RF3, Rainin Instrument, 1000 V, 15 to 24 mA,
1% Ampholyte pl 3~10 with 10% glycerol, 4 hr run
at 8°C). The plI’s of fractionated succinic acid con-
jugated avidin were measured by analytical
isoelectric focusing instrument (PhastSystem,
Pharmacia-LKB). The samples were isoelectric
focused on a Phast Gel (IEF 3~9, 2,000V, 2.5mA,
15°C, 40 min) and stained with Coomassie blue.

2. Synthesis of Bz-MAG3-Biocytin

Benzoylmercaptoacetylglycylglycylglycine (Bz;
MAGS3) was synthesized by the method of Fritzberg,
et al'?, The carboxy group of MAG3 was activated
to the corresponding N-hydroxysuccinimide ester by
reacting Bz-MAG3 (197.3mg, 0.537mmol) with
N-hydroxysuccinimide (61.8 mg, 0.537 mmol) using
dicyclohexylcarbodiimide as a coupling agent in 3.2
ml DMF. The esterification was performed with
gentle stirring at 4°C overnight. Dicyclohexylurea
precipitated out of the reaction solution was
removed by centrifugation (3000xg, 30 min). To the
supernatant solution, biocytin (200 mg, 0.537 mmol
in 1ml of 0.5M sodium bicarbonate, pH 8.4) was
added dropwise and the acylation reaction was
continued at room temperature for 2 hr. The product
was precipitated by adding tetrahydrofuran. The
crude product was then washed thoroughly with
distilled water to remove polar reagents and dried.
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The melting point was 171~173°C. Elemental analy-
sis calculated for C;,H,,O:N,S,: C, 51.47%; H, 6.
14%; N, 13.62%; S, 8.86%. Found: C, 50.75%, H, 6.
01%; N, 13.36%; S, 8.55%.

3. Radiolabeling of MAG3-Biocytin with **"T¢

Bz-MAG3-Biocytin (10 xl of 20 mg/ml DMSO) and
SnCl,+2H,0 (3 4 of 1.5mg/ml 0.02M HCL) were
added to a vial containing 40 xl of 0.4 M sodium
glucarate pH 5.6. To this solution, 300 z1 (10 mCi)
of *"Tc-pertechnetate was added. The reaction vial
was evacuated and placed in boiling water for 10
min. The labeling yield and purity were determined
by reverse phase TLC (Analtech) developed with 0.
01 M sodium phosphate at pH 6.7 and ITLC (Gel-
man) developed with a solvent mixture (50% meth-
anol in 10% aqueous ammonium acetate solution).
The Rf values of **"Tc-MAG3-biocytin, *"Tec-
MAG3 and **™Tc¢ pertechnetate were 0, 0.6 and 0.9,
respectively on the reverse phase TLC. These prod-
ucts moved to the solvent front on the ITLC and no
activity remained at the origin, indicating that °™
" Tec-colloids were not formed in this labeling condi-
tion, The labeled product was further pruified by a
Cis SEP-PAK cartridge (Waters, Milford, MA). The
cartridge was first eluted with a solvent mixture
containing 5% ethanol and 95% 0.01 M sodium phos-
phate at pH 6.7 to eliminate possible polar *T¢
impurities from the cartridge. The desired product
was eluted out with ethanol and the ethanolic solu-
tion was diluted 500 times with saline for the biodis-
tribution studies.

4. Radiolabeling of Avidin with Bioecytinyl
MAG3-*"T¢

Ten £ (400 4Ci) of *"Tc-MAG3-biocytin (7.8
10~* M) was mixed with 260 zl of avidin or avidin-
succinic acid conjugate (3.0x10~° M). The mixture
was incubated at room temperature for 1 hr (Fig. 1).
The *™Tc labeling yields were higher than 95%.
The **™Tc labeled avidin and each avidin-succinic
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Fig. 1. Labeling of avidin using *™Tc-MAG3-biocytin.

acid was further purified by size exclusion HPLC
(equipped with TSK-3000, eluted with 0.1 M sodium
sulfate/0.01 M sidium phosphate (pH 6.7) with 1 ml/
min) for the biodistribution studies.

5. Competitive Binding Test

Avidin conjugated agarose (Sigma)} was diluted
with Sepharose 4B (Pharmacia) to adjust the biotin-
binding capacity (about 0.1 xg biotin binding/100 2l
packed beads). To 100 xl of the packed beads, 100 2
1of PBS, 200 41 of biotin with varing amount contain-
ing upto 24 .4 pg and 100 2l of **™Tc-MAG3-biotin (2.
5ng, 330,000 cpm) were added. After 1hr incubation
at room temperature the test tubes were centrifuged
at 2,500 xg for 30 min. The supernatants were aspir-
ated and the agarose beads were washed with 1 ml of
PBS. The radioactivities of agarose beads were
measured by gamma counter (Packard AutoGamma
5650).

6. In Vitro Stability Test

#mTc-MAG3-biocytin  (5ng, 660,000 cpm) was
bound to 100 z1 of packed avidin-agarose beads in a
disposable pipette. The beads were thoroughly wa-
shed with 3ml of PBS and then added to 200 ul of
mouse serum. After 2 hr and 24 hr incubation at 37°
C, the mixture was vortexed and filtered through a
Ultrafree-MC (Millipore) 0.45 ym filter unit. The
radioactivity of the filtrate and the radioactivity
bound to the beads were measured by gamma

counter.
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7. Biodistribution

#mTc labeled avidin or °*™Tc labeled avidin-
succinic acid (38 g, 30 £Ci/0.2 ml) was injected into
the tail vein of normal female mice (about 10g, 5
mice per group, female Balb/c from Harlan Sprague
Dawley, Inc). The mice were sacrificed by exan-
guination after halothane anaesthesia at 0.25, 1, 6
and 21 hr after injection. The organs were excised,
blotted with tissue papers, weighed prompltly and
counted with gamma counter.

RESULTS

To radiolabel the biotin derivative with **™Tc,
alpha amino group of biocytin was reacted with the
activated ester of Bz-MAGS3. This biotin conjugate

was then radiolbeled using *™Tc glucarate.
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Fig. 2. Competitive binding of #mTc-MAG3-biocytin
to avidin-agarose beads using cold biotin as a
competing ligand. **™Tc-MAG3-biocytin (2.5
ng, 330,000 cpm) and cold biotin at a concentra-
tion up to 24.4 ug were incubated with avidin-
agarose beads (capacity of binding 0.1 pg
biotin) in 0.5ml PBS at pH 7.4 for 1 hr.
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Biocytin, which we used for this study, is a commer-
cially available biotin analogue derived from acyla-
tion of the carboxy end of biotin to the g-amino
group of lysine. The high affinity constant of the
avidin-biotin binding also resulted in a quantitative
binding of the **™Tc¢ labeled biotin to avidin when the
agents at a 1: 1 molar ratio were combined (Fig. 1).

Competitive binding with cold biotin to avidin
conjugated agarose shows that the binding activity
of ureido group of **™Tc-MAG3-biocytin to avidin
was not altered by harsh labeling condition (Fig. 2).

The in vitro stability test serum showed greater
than 97% and 95% of radioactivity was bound to
avidinagarose after 2 hr and 24 hr incubation at 37°C,
respectively.

A drawback for the use of the **™T¢ labeled avidin
was that the radioactivity was eliminated from
blood very rapidly and taken up primarily by liver
(56.6%) and kidneys (28.9%) with .8% ID remained
in the whole blood at 15min. The liver and kindey
activities decreased to 13.1% and 2.1%, respectively
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8.15 8.45
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7.356
6.55 .
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5.20 5.20
4.55 4.56
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Fig. 3. Isoelectric focusing of avidin, modified avidin
and streptavidin. The samples were isoelectric-
focused on a PhastGel (IEF 3~9, Pharmacia)
using the following pl standard samples;
amyloglucosidase (3.50), methyl red dye (3.75),
soybean trypsin inhibitor (4.55), beta-
lactoglobulin A (5.20), bovine carbonic anhy-
drase B (5.85), human carbonic anhydrase B
(6.55), horse myoglobin-basic band (7. 35), lentil
lectin-acidic and (8.15), lentil lectin-middle
band (8.45), lentil lectin-basic band (8.65) and
trypsionogen (9.30).
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at 21 hr. The intestinal activity was less than 9% ID
throughout the time period (Fig. 4).

To investigate the effect of pl, we conjugated
succinic acid moieties to avidin via the acylation
with succinic anhydride. The modified avidins with
different pl values were fractionated using a prepar-
ative isoelectric focusing device. The pl value of
each fraction was also determined by an analytical
isoelectric focusing instrument (Fig. 3). We have
selected 3 fractions with plI's of 7.0~9.3, 5.5~6.2,
and 4.0~4.8 for biodistribution studies.

The major difference in biodistribution was obser-
ved in blood and kidney activities. The results in-
dicated that the kidney uptake is proportional to the
pl value whereas the initial blood activity is inverse-
ly proportional. At 10 min, the kidney activity was
19%, 3.1% and 1.7% and blood activity was 14%, 6%
and 30% for the labeled avidin with pI values 7.0~9.
3,5.5~6.2,and 4.0~4.8, respectively. However, the
native avidin and the modified avidin were excreted
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Fig. 4. Comparative biodistribution of *"Tc-MAG3
-biocytin/avidin and #mTc-MAG3-biocytin/
streptavidin in normal balb/c mice. The ani-
mals were sacrificed in a group of five at 10
min up to 21 hr. The results are reported in %
ID/organ and 1 SD.
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very rapidly so that the activities remaining in blood
and kidney were negligible. The decrease of the pl
appeared to increase the liver activity upto 1 hr but
the effect was not as drastic as the effect shown on
the kidney activity. The intestinal activities of the
low pl avidins were similar to that of avidin (Fig. 5).
The whole body clearance of the modified avidins
(Ty2:pl 7.0~9.3,14.4hr; pl 5.5~6.2, 14.6 hr; pl 4.
0~4.8, 13.7 hr) were slightly faster than that (T,,,=
16.5hr) of the native avidin. But the whole body
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Fig. 5. Comparative biodistribution of *™Tc-biocytin/
avidin preparations with different pI values
(pI=4.0—4.8, 5.5—6.2 and 7.0-9.3) in nor-
mal balb/c mice. The animals were sacrificed
in a group of five at 10 min up to 21 hr. The
results reported in % ID/organ and 1 SD. BL,
blood; LI, Liver; SP, spleen; KI, kidney; ST,
stomach; IN, intestine; THY, thyroid.
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Fig. 6. Whole body retention of **™Tc¢ activity in
normal balb/c mice (n=5) after intravenous
injection of ™Tc-MAG3-biocytin/avidin,
modified avidin, or streptavidin.

0.4 1

0.2

$oxtd

clearance of streptavidin (T,,,=61.5hr) was much
slower than native avidin or modified avidins (Fig.
6).

DISCUSSION

Although the high affinity binding (K,=10'%) of
biotin to avidin has been applied to amplify the
sensitivity of iz vitro binding assays'~'¥, in vivo
tumor targeting'*'®, and the detection of infection
sites'®, this binding system has not been actively
pursued in radiolabeling. We have developed a
methodology to use this binding system to label
. avidin with **™Tc labeled biocytin.

After 1:1 mixing of avidin and °*™Tc labeled
biocytin, three binding sites are still available for
binding to biotinylated antibodies theoreticaly. This
approach to label avidin is advantageous as compar-
ed to the labeling of the MAG3-conjugated avidin
because the labeling of MAG3 requires either a high
temperature or a high pH (> 11) which is detrimen-
tal to protein.

The advantage of radiolabeling avidin with **™T¢
through this avidin-biotin binding approach
achieved by the fact that the biotin moiety was
stable at high temperature, which was required for

the hydrolysis of the benzoyl protecting group for
the **™Tc labeling of MAGS3, and also the overall **™
Tc labeling yield was almost quantitative.

We have suspected that the high pl value of avidin
might be responsible for high liver and kidney activ-
ities. Generaly cell membrane is composed of nega-
tively charged phospholipids, but the avidin will
exist as positively charged molecule in physiological
pH due to its high pl. It has been reported that the
high nonspecific binding of avidin can be reduced by
modifying with acetic anhydride, phthalic anhy-
dride, or succinic anhydride, in vitro solid phase
binding assay'”.

The differences of liver uptakes between avidin
and streptavidin can be explained by the carbo-
hydrate moieties. Both avidin and streptavidin have
similar molecular weights, and low pl avidin shows
high liver uptakes. It is reported that liver cell has
receptors for galactose'®, mannose/N-acetylglu-
cosamine!?, etc. The structure and composition of
carbohydrate moiety of avidin was studied and
found that it is composed of mannose and N-
acetylglucosamine N-linked to asparagine
residue?®*V. So the native avidin and modified avidin
can be taken up quickly by liver.

The results showing higher whole body retention
of **mTc-streptavidin can be explained by the differ-
ence in liver uptake. All the native avidin, modified
avidins, and streptavidin will not be excreted direct-
ly from kidney because of their high molecular
weight. They should be metabolized or the **™Tc-
MAG3-biocytin should be dissociated from avidin
before excretion. This explains that higher liver
uptake is related to higher metabolism rate and
faster excretion. Schechter et al?® reported that
avidin shows lower liver uptake than streptavidin at
6 hr. In the experiment, avidin was labeled with I
by Bolton-Hunter method®® and streptavidin was
laveled with %I by chloramine-T method??, and the
earlist time point for checking biodistribution was 6
hr. The differences in labeling method, radioisotope,
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and time point can show different results. Generaly

'¥] is easily dehalogenated and excreted from body.
CONCLUSION

In conclusion, avidin was labeled with *mTc
through the avidin-biotin binding approach with high
labeling yield. The ™ Tc labeled avidin accumulated
in liver and kidneys in high concentration. The
reduction of the pl of avidin to 6.2 decreased the
kidney uptake but not the high liver uptake.
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