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Labeling polypeptide with 99mTc and bioactivity get back
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Abstract A method for labeIing polypeptide(in8ulia)with te吐Inetium一99(9钿1Tc)
wa8 establ．塔hed without marked lo昭of hiological activity．F矗Uowin冀reduction af in．

trin8ic disul矗de bonds by IⅡercaptoethaⅡol and purmcation叩a Sephadex G50 colur皿，
the poiyp印tide w硼1abeled with 9咖Tc by tr锄chelati0Ⅱfrom删thykne diph皤pho-
nate(MDP)．∞mTc】abe】ed in8unn w孤ideⅡt谓ed by thin lapr chr蛳atograph(TLc)
and七he change ofblood Bugar ofmiceiⅡjected，thek hyPoglyce“c8hock gymptomw勰
a180 ob8erved．Si】【hou碍mer labeUn臣the di髂ociation of labeled in8ulin w衄only 3％，
nomtheⅡoⅡto 24h，therew鹊nomoredi880ciati∞．Theblood 8ug缸coⅡcentration 0f

H正ce injected w“h the mercaptoethaⅡokreduced i舶ulin w聃(5．0士3．2)脚l·L一1，whne
those injected with the original insuliIl w拍(1．4士1|2)删-L一1，the d“ference w柏sig—
ni矗calIt f口test，p<O．01)．Blood sugar concent豫ti眦of the mice w柚0．3土O．舡mol·L_l
for the Iabeled insulin，and w舾about the sa皿e with that f撕the origiⅡal in8uHn．

The labeUn曙e伍ciency w曲74．31％for the labeled iⅡ8uliII，where柏the original in’

suliⅡcannotbe labeled with的mTc．The re8ult 8uggeBt8 that whiIe di8umde bonds of

polypeptide眦re reduced by merc印toeth蛆ol，i七bec锄e f}∞叭l伍ydryl伊oup'壮d
its bioactivity descended．Then矗ee肌mlydryl grouP w嬲chelated with 9咖Tc und艚

rnild conditioⅡ．re8tablishing the disumde bond，七herefore，the bioactivity carm back．

The 99mTc．1abeled in叭lin w酗8table during 24h．
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1 INTRoDUCTIoN

Recently radi01ab出peptjde is beiIlg evaluated甜dia萨∞“c盐d th盯apelltic碍唱她￡s
It w∞also reported that incre鼬e of mity姐d o、惯e印ressi∞of inslllin rec印tors Is
present iII hepatoceⅡ1ll缸cafcinom酗，bre酗t c缸cjnoma and lem媳emia cen船weⅡas

several other tllIn甜s，therefore血s11lin can be 10aded with radi毗眦Ude or oth盯to虹c
subst孤ces to utili盹for targeted therapy矩d t趾geted diagnosi8L1～刈．Direct r删abel·
inz of monoclon以卸tibody with咖Tc h酗been established by chelation丽th s恤ydl了l
graup of proteills．Ha骶ver jI h砸be凹阳Ported that c叽rse of labeli丑g of p01)7peptide

oDeⅡed disulfi“b0Ⅱds ofpo蛳eptide，andbec锄e a丘ee s11l￡hydryl翠唧，the cll姐ge of
the rin巨stmcture of polypeptide exte璐ivdy in丑u血ce its biological activities．Th日efore

directlabeling method caII not be印plied for labeling po枷印tidesl4门．

supPorted by the N砒i蛐al N“ufd sden∞s Fo仰d^tioⅡ(No·30070230)
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hL thjs investigation a method was established which caⅡretain the or：iP：ind bioac．

tivities after radi01abeling of polypeptide而th 9鼬Tc．We devi舱d that djsll】]叵de bonds

were nrst opened by mercaptoethanol reductjon to become l如e suHhydryl groups，then
the sn】mydryl印au口was chelated with 9啪Tc which wa5 reduced und盯mⅡd condition5

usinE Sn2+pro“ced by MDP妣，the dislllfide bond w酗thus reconstructed，锄d the

bioactivity of inslllin c眦e bacl【．

2 MATERIALS AND METHoDS

2．1 Mercaptoetha肿l red眦t．0n of illsulin

20口L purified 2．nlerca口toethanonal was added to 1 l】aL insulin solution(contai血g
40p of insl山n，approxi姒t由1．538 mg)and jn饥bated fbr 30 m血tes at 25。c With
stirrill只．Mercaptoeth姐0l reduced imlllin w船pllri丘ed on a 1．5×10cm Sephadex G50

c011】mn usilIg o．02 mol·L一1 phosphate-buffered sa血珀(PBs)as eluant．The inslmⅡpeak
was deteIⅡ妇ed by TLC with coom潞5je b棚i柚t blue姐d by itj劬ctjo丑0f redud工曙
blood 91ucose in al血nal bodies．

2．2 InsuHn labeUng

Methyl吼e diphosphate(MDP)kit(i．e．5mg MDp，o．5mg sncl2．2H20)w懿djs-
soIved in 4 mL njtrog眦一puIged physiological saIine． 9蜘Tc·p盯technetate eluant wag

diluted with physiolo西cal sali耻to缸al concentration of 18．5 GBq·L一．F011r vials were
prep缸ed lmder nitrogen，each contai血g O．4mL redllced inBllliⅡsoluti饨aRer Sephadex
G50 p11rmcation(ab0Ilt o．226mg)，1mL(18．5MBq)of鼽8Tc·p盯technetate elu触t was

added，then irnHlediately MDP so】．utions of diⅡbrent vo】ume(10pL，20pL，40，上L，aⅡd

80皿1 w盯e added to each vial respectiveIy The vials硼鹈iIIcubated in 25。C f．or 5 min．
As controls，the identical lab“ng pTocedllre w越applied to the MDP l【it+p盯tedlⅡetate

fno iⅡsulin，a)，pertech丑etate∞ly(no iⅡsulin and MDP】【it，b)，aⅡd∞iginal inslllin+

MDP kit(c)．Th髓the administrative Follp(reduced inslllin+MDP 1cit+p盯te出netate)

w私designated as d．

2．3 Labeling emckncy

Labeling emciency w私identmed by thin lay竹曲ro口蛆toF印h(TLG)璐iIIg bu_
’

t锄01：eth越ol：distiⅡed wat盱=6：3：2 as developjng re增ents． The radioact耐ty of each

peal【on TLc was r珊a吼1red with a g锄ma count盯(址oh，Jap姐)．The 1abeliILg靠 、

d吼cy(percentage)c蛆be calcllhted by radio孔tivity of the labeled insulin peal【／that of

the total TLC．
■

2．4 StabiUty of labeled ilIsulin

At 5IItin，3h．6h，姐d 24h以盯】abeli丑g，TLC ofs眦lp】档withbut矾o】：亡th龃01：distjⅡed ’

water=6：3：2 as deve娜ing reagents帕s ca玎ied out，diB80ci撕∞of 1abded inslllin而th
▲

I
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’ 9瓤1Tc w酪ob5豇ved

2．5 Bioactivity of 9蜘Tc-hbeled in阻lill

F1)rty male K11n如峨Inice(Weighing 20～25 g，矗rst class，Lic吼se No．24301041，from
Experjm鲫tal A血a1 Cent盯of chong咖ulIiversity of Medical sdeⅡces)were divided
into 5 group8，each c0ⅡtailIing 8痂ce． The adnlinistrati0Ⅱof ea出group by tail Veill

was：group A：0．1mL saliIle；group B：0．1mL 0TigiⅡinsuⅡn；伊oup C：0．1mL of印。Ⅱ11_1

mercaptoethanol reduced主nsllljn；字01lp D：0．1mL《6弘·In：Lq of labeliILg insuhn耐th

9咖Tc；Foup E：no treat咖t．
Thirty nlinutes aRer dbave treatment，mice were b_lled by ta|【ing blood from eyepit．

C0nc眦trati吼ofblood sug缸w拍measllred硒th MET—ASCA auto biodhemical姐a：lyst

(MET，usA)，

2．6 statistical analysis

Data甜e e)币ressed拍X士SD．Group d坼hen锵s w盯e determ迅ed with the Newm心
Keuls multipk range test(口test)．

3 RESUITS

3．1 Redu“bn of．msulin

Mol缸ratio 0f m盯captoeth蛆01 and imlllin w酗1000：1[6】Fig．1 a姐d b shaWed

the elution c11rves of insllliⅡ孤d眦captoethanol reduced inslllj咀on col眦皿sephadex
G50． The peaks of both Were eluted

at 9．6miⅡ． The b100d sllg甜concentratioⅡ0f

一。．
凸
、

U

O．

1，丌Iin

Fig．1a The elution curve 0f the iⅡ肌1．m

on sephad旺G50 colum．
Feed d08e o．1InL(1．538肛Ing-L一1)；

Flw“‘e O．625 mL，min；
EIukd by PBs o．02 mol-L一弋p且7-o．

’o．
口
、

U

乱

，min

Fig．1b The elution curve 0f七he

T玳Ic叩toe也anoLreduced i璐uHn
on Sephadex G50 column．

Feed d删e 0．1 mL(1．538pmg-L一1)；

Flow rate 0．625 rrlL／min；

E1uted b，PBS 0．02 rnol·L一1， pH 7．0
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3．3 Stability of 99mTc hbeled i琳ulin

Six holIrs出er l曲ennE，dissodation
of the 1abded inslllin was 3％．hom then

to 24h．there was no mofe dissociati∞．

3．4 Bioacti“ty of 9‰Tc Iabeled in_

sulin

The blood sug缸 concetLtration of

each group 30 m主n after injectjon w酗：

group A：(9．8士1．5)弘mol·L_1i

group B：(1．3士0．6)肛noI·L-1；
g『Dup c：(5，o士1．6)芦moltL-1；

group D：(0．3士0．2)pInol-Lo；

group E：(8．6士o．6)pmol，L～．

4 DISCUSSIoN

Fig．3 The rdation8hip between the dose of
MDP kit and labeli皑emciency：
×，∞mTc labeled jn8ulin，皿=0．25～O。55：
·，。”Tc-MD P'皿=0．0—0．15；

o，free technetium，觑=O．55～m75

In thjs iIlves￡igation，the method Dfdirect labeling m强odonal antibody Wjth 99InTc

Teported by Mather(7】was developed，and a method fbr 1abeling insulin砌cll have three
出sl堋de bonds was e5tabli5hed．

In the merca_ptoethan01．redllced iⅡsuun，e【u姐t peak of spIit insu由A＆钏mnts was
not seen a盘er Sephade】c G50 pur洫ca土ion，the elu缸t peak8 d。jn羽11in and Teduced iⅡs11lin

were identicalfF哦1)．HoWever bioacti订ty ident蚯cation《the subst张ces of the twD

peaks showed that the activity of re小lced insll：h was lowered zreatlH The labelin置

efIiciency of both were a1So di赶．町ent(Fig．2 and T抽1e 1)．It jndic8ted that hstihn has
been reduced by nlercaptoethanol，bu￡chaj【ns A and B of jns池were not disconilected
coInpletely，only its soud stnlct砒e w醛ch姐ged，so itsbio扯tivity w拍lower th姐∞ig血al
insll：h，and du缸吐peak of spHt iIl8血丘a幻n豇Its were not seen when were puti矗ed on
Sephadex G50，．That j5 to柏峨。丑Jy鼬e d妇1lHide b0丑d 0f出ain A and cllain B or／aIld
an iIItrachain disulfide bond af出ain A wa5 reiLuced and disconnected in the reaction．

MDP，as a Wea】【chdatoT of Sn2+．w勰。五dized eas丑y．Wh髓the dose ofMDP虹
was small，pertechlIetate reduciⅡg was not elIDuglI．删e the dose Df MDP越}exceeded
some value，MDP chelated more than inslllin，the 0ptjmal dosage of MDP l【it was 20皿．
Fbr identmcation 0f the 1abeled inslllj_n peak 0f TLC，labded insllun and three

contr01s were de州oped on silica gel plates，孤d were evaluated by autoradioFaphy aIId
were sta证ed w“h bromophenol blue(Fig．2)．The reslIl‘s sho№d that the盘ee tech丑e虹衄
peak was at凰=0．55～0．75，the peal【at毋=0～0．15 w船formed by MDP，the pe址
of labekd reduced insuHn w踮at丑f=O．25～0．55，but也e llnreduced主ns缸lin was not

labeled with 9蛐Tc． Stei群n姐鲥。倒described that the hbeling reacti∞of protein
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一

with te血Ieti啪had two typ郫-One is the strong combinati∞With hydros讪ide事oup，
the other w私the Wealc conl_bination wi七h other孤血o acid on the s11rface of molecule．
￡he weak one w淞not stabIe．Data of窜oup c and口oup d suggested that the strong
co瑚b血ations were yielded dllr_缸g labe】ing in蛐lin by cmdbin8tion 0f tedmeti眦With
—SH．

The stabmty test indicated that the labded ms血怕s stable．IIl 6 h aRer labdjn臣
dissociati皿of啪Tc from labeled insIllin Was 3％，this Was consid盱ed as the dissoc主ation
of weak conjugatjo丑．n锄池en to 24h，there w-asⅡot more dissocjation。hence the
stability collld satisfy the reqllirements of c坷cal application．
For c】inical appncation，we have to retain the bioactivity of labekd p01ypeptide

with 9咖Tc．msunB d咖strated that砒er administration oforigiⅡal inslllin or labeled
msl血，the blood 8ugar was lowered si和jficantly，and the hypoglycemic shock symptom
w舾a1$o seen jn 5Dme mice．R)卫oWing j巧ec血g Wjth mercaptoethan01．reduced jn5血，
the blood sug缸conc魁nratioⅡalso sh咖ly descended，hdwev盯，it was日叽赢higher than
the concentration of the mice administrated with ilI幽0r lab毫led ins幽．It w私there．
f曲e suggested that the activity of insllIin w粥10wered伊eatly fbUo妇g the redllction
by merc印toeth弛01． But when reduced inslllin啪s hbeled祈th 99mTc，its activ主ty
returⅡed to normal．

5 CoNCLUSIoN

The reslllt 8uggests that disumde bonds of the iIIsllliⅡW盯e brok蛆by m凹cap-
toethan01 reducti锄．m 1abehg，bec锄e free 8u】丑叮d工yl舒a叩，蛳d the bio札tivity 0f
insulin desc姐ded．Under+m-dd condition s讪mydryl gr01叩w粥出el缸ed with 99mTc，and

the bioactivjty came bad【．The 99ⅢTc labeled imllljn w酗8tabk d虹jng 24 h．
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