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A new derivative of bisbensylisoquinoline (berb8mine typ8)r 0-(&ethoxyl- 
butyl) berbamine (EBB) was found to poesees powerful aad upe$ifio oolaodulin 
(CaM) inhibitory properties. It inhibited CQbbfdiJIIUl8fOd Ce2 -Mg2+-A!l%ao in 
human erythrooyte membrane with IC M) 
60 #l sf berb8mine. 

vslue o.$+O.3z++l oompared+to+that of 
W&independent basal C8 dg -AlTame, la -K -ATPsee 

and Mg -ATPase were not effect at 1.0 nM of EBB at whioh CeM-dependent 
Ca'+-$lg'+ -ATP~e VII already potently inhibited. The inhibition of CaM- 
dependent Ca -Ug -ATPase was oompetitive with reapot to CaM. Higher 
amount of CaM reversed the inhibition caused by higher oonoentration of EBB. 

Wing dansyl-CaM (D-CaM), it ~8s shown that EBB binds dirdotly to CaM and 
caused 8 confonuational oh8nge of C8M polypeptide chain. From fl&oresoence 
titration curve we obtained evidence that in the presence of C8 , CeM haa 
two sp$fic binding eitea for EBB and additional unspecific binding sites. 
The Ca -dependent binding sites of EBB on CaM were novel region different 
from the binding sites for TFP. D 1986 Academic Press, Inc. 

2+ Calmodulin (CaM) is a ubiquitous intracellular Ca -binding protein and 

plays a fundamental role in regulation of many physiological events and 
enzyme systems. The actions of CaM are influenced by a wide range of 

chemically unrelated aubstsnoes. Of the most potent inhibitors of CaM 

reported thus far were calmidaiolium and compound 48100 with IC value of 

about 0.3-0.8 nM.(')(') 
50 

Among the natural inhibitors, in addition to vinca 

alkaloid belonging to indole derivative, (3) we h8Ve reported previously that 

tetrandrine (Tet), belonging to isoquinoline alkaloid, was a new CaM 
antagoniat. (4) It inhibited CsM-stimulated Ca2+-Mg 2+ -ATPase in human erythro- 

cyte membrane with IC50 value of 40 @I. 

In search for the relationship between structure and it8 activities of 
CaM-antagonists we have shown that a derivative of bisbenzylfaoquinoline: 
0-(4+thoxylbutyl)-berbamine (EBB) poemeases potential inhibitory ability 

of &M-dependent Ce2+-& 2+-ATPao~ with IC5o value of 0.35,uM similar to 

that of calmidazolium. The results of fluorescence study demonstrated that 

on CaM exist 2 Ca2+-dependent binding sites of RRB different from that ofTl!P. 
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Materials and Methods 

All reagents were of the higheet purity available. Berbemine kindly was 
provided by Dong Sheng phannaoeutica, Peiking. 
1. EBB was synthesized from berbamine and l,&dibromobutane by the method 
of Williamson.'c'~ Purity of the compound was ohecked by thin-layer ahromato- 
graphs using eilioa gel plate. The solvent used ie chloroform/methanol 5tl. 
The maas spectrum haa a moleouler ion at m 
395.2 due to double bensylic cleavage (E.F 

The peaks are at m/e= 
whioh ie base peak, m/e-101.1 

due to -CH2CH2CH1CH2CCH2CH,. 
The struoture of EBB ie shown in Fig.1. 

21 CaN and Ca$defioient ABC membrane was prepared and Ca2+-Ng '+-ATPase Na+- 
I( -ATPam Mg -ATPatve aotlvitiee were determined ae described previousl;.'5' 

Protein was determined by the method of Brandford with bovine eonun albumin 
aa standard."' 
3. Daneyl-CaM (D-CeM) was previously prepared by ua. (4 D-CaM retained 
basioally the biologioal activity of native CaM and contained average 1.3 mole 
of dansyl per mole of C&l. 

Fluorescence spectra and ita intenaitiea were recorded with Shimadau RB.54 
fluoreeoenoe epectrophotometer at room temperature. All fluoreaoenae experi- 
ments were carried out in the standard bufJer (O.lM KCl, 1CmM Mops. pH-7.0) 
and indicated concentration of ECTA or Ca . The titration wa6 carried out 
at a fixed exoitation and emission wavelength of 340 nm and 498 nrm for D-C&l, 
reepectively. The corretiponding bandwidtha were 5 and 10 nap. 

Results 

1. Effeat of EBB on Ca2+-Mg 2+-ATPaae Na+-K+-ATPaae, Mg 2*-ATPaae aotivitiee in 
RBC membrane. 

The stimulation of erythrocyte Ca2+-Mg 2+ -ATPase by CaM and antagonirrm of the 
activation by EBB were demonstrated in Fig.2. The epecifio activities of CaM- 

dependent Ca2*-Mg 2+ -ATPase and basal activities are about 60, 15 nmol/mg.min, 
2+ respectively. The EBB dramatically inhibited the CeM induced activity of Ca - 

Mg2+ -ATPaae at concentration l.O,uM up to which no significant inhibition of 

basal activity wae apparent. The IC50 value for inhibiting CaM wae approximate- 

ly 0.35 JJM (fig.2). On the other hand, Na+-I(+-ATPaee and Mg '+-ATPaoe watx 

almoat not affected by EBB in the concentration lese than 1.0 nM(fig.2). At the 
higher concentration ( 1.0 ,&I), the activity of the basal Ca2+-Mg 2+-ATPase 

(CaM-independent), Na+-X'-ATPase 2+-ATPase ant Mg enzyme was aleo inhibited. 
IC50value of EBB for basal Ca2"-Mg -ATPaae, Na+-SC+-ATPase and Mg 2+-ATPase 

were about 30 fl, 20 pM and 50 JIM, respectively. 

R q -CH2CH2CH2CH2-OCHpCH3 

Fig.1. The chemical structure of EBB. 
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Fig.2. Inhibition of the Ca2+-Mg2+ -ATPase, Na+-K+-ATPase and Mg2+- 

ATPase activity by EBB. 

-@- basal, Ca!+l-independent Ca 2+,Mg2+ -ATPase 

-@- CaM-stimulated Ca2+-Mg2+-ATPase (in the presence of 

24nM CaM) 

-A- Na+-K+-ATPase 

-@- Mg2+-ATPase 

100% activity for Ca 24-Mg2+-ATPase = 60 nmolea/mg.min 

100% activity for Na+-K+-ATPase I 6 nmoles/mg.min 

100% activity for Mg 
2* -ATPase = 3 nmoles/mg.min 

each point is the mean of three determinations. 

In the presence of different concentration of EBB, the activation of Ca 2+ 
- 

Mg2+ -ATPase by Cti was investigated. The result was shown in fig.j(a). In 

the absence of the EBB about 3.6 nM CaM required for half-maximal activation 

of the CaN-dependent fraction of Ca 2+4g 2+ -ATPa.ae. In the presence of 0.18 

,uM and 0.54 UPI lZ:DU the dose effect curve of CaM was shifted to the right. Tho 

concentration of CaN required for half-maximal activation was increased 

approximately to 8.4 and 24 nM, respectively.(fig.j(a)) The double-reciprocal 

plot demon&rated that the activation of erythrocyte CaM-otimulated Ca 2+ - 

Me 2+-ATPase is antagonized by EBB according to a competitive mechanism(fig. 

3(b)), Increasing concentration of CaM completely reverse the inhibition 

caused by higher concentration of EBB. 

2. The fluorescence study on the interaction of EBB with CaM 

In the prcoence of EGTA the fluoreecence spectrum of D-&M exhibited a 

a maximum at 512 nm and a lower fluorescence intensity(fig.4,A). In contrast, 

in the presence of Ca 2+, the fluorescence spectra of D-C&l undergo blue ahift. 
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Fig.3 (A) Antagonism of CaM-stimulated Ca 2+ -Mg*+-ATPase activity 
by EBB. 

basal Ca *+,)Jg*+ -ATPase is stimulated by increasing 

amount of CaM in the absence (-•-) and presence of 

the EBB at concentration of 0.18 pM (-a-) and 0.54 

pM t-g-1 
(B) Double-reciprocal plot of dependence of rate(v) of 

Ca*+-Mg*+ -ATPase reaction on CaM. represents % 

activity as given in Fig.3(A) 

The wavelength of the emission maximum decreased from 512 to 435 nm and 

fluorescence intensity increased at 495 nm by 1.6 fold(fig.4,B). 
2+ Subsquent addition of EBB to a solution of Ca -CsM leads to increase in 

Dansylfluorescence intensity accompanied by a progressive blue shift (from 

495 to 484 nm). Titration of EBB to CsM solution in the presence of EGTA 

induced also blue shift and fluorescence intensity change, although these 

alterations were much weaker than in the presence of Ca *+. (Th e result does 

not shown) 

The interaction of CaM and EBB was further investigated by atoichimetric 

titrating D-C&I (1 .IIK) either in the presence or absence of Ca 2+ with EBB 

and motitoring the fluorescence intensity changes of D-CaM at 484 nm. Because 

the protein concentration used was far higher than the dissociation constant 

(Kd is about 10 nM), under these condition added EBB was assumed to be totally 

bound to the protein. Fig.5 illustrates the increase in fluorescence intensity 

as a function of EBB/CsM concentration. The titration plot exhibited two 

slops (fig.5). The endpoints of the titration can be calculated from the 

change in the slop of the plots. The results indicate that CsM contains 2 

binding sites for EBB. In the presence of EGTA, a gradual increase in 

fluorescence intensity with the increase of EBB concentration wae observed, 

with a slope nimilar to that of the nonspeaific EBB binding in the presence 

of Ca2+. Those results clearly demonstrated that EBB interacts even with 
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Fig.4 Effects of Ca 2+ and EBB binding to CaM on fluorescence 

spectrum of D-CaM. 

the spectra of 1 .O uM solution of D-CaM were recorded 

in the standard buffer contained 10 mM MOQS(QH 7.0) 0.1 

M KCl. Excitation 340 nm. 

curve A: in the presence of 0.1 mM EGTA 

B: in the presence of 0.1 mM Ca 2+ 

C: in the presence of 0.1 mM Ca'+and 1.8 PM EBB. 

D: only buffer plus 1.8 PM EBB in the absence of 

D-CaM 

Fig.5 Fluorescence intensity of D-CaM as a function of EBB 

concentration (mole/mole of CM). Irradiation was 

performed at 340 nm. The fluorescence intensity of 1.0 

PM D-Cam was measured at 494 nm in standard buffer 

succesive additions of EBB in the presence of Ca 2+ 

0.1 mM -a- and EGTA -O- . 

CaZ+ -free CsM probably due to nonspecific hydrophobic ;idsorption of EBB by 

CaM. However, 2+ Cn -CaPI involves extensive binding of EBB to CaM which gives 

far grouter chrrtqeocl in Dnnsyl-.fluoresconce than Ca 2+-free CaM. 

4. Effect of Co'+ -Caii and EUB on fluorescence of NPN 

It had been ahobm that the fluorescence of hydrophobic probes (such as 

TNS) are significally enhanced in the presence of CaM in a Ca 

Y~kZZ, manner.(' ) 

2+ - 

When excited at 350 nm, in the aboence of CaM, NPN 

exhibited a maximum cmiosion wavelenp;th at 450 run(fig.6,A). After addition of 

CaPl(1 ,uM), mnximum emission of NPN shifted to 415 nm and fluorescence intensity 

was about increased 7 fold. (fig.6,B) TFP depressed this enhanced fluorescence 

and show less blue shifting extent.(fig.6,D) In contrnht, however, EBB increased 

further the fluorescence of NPN and much blue shift.(fig.6,C) 
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Fig.6 Effect of EBB, TFP on the fluorescence of NPN in the 

presence of CaM. (excitation 350 nm) 
curve A: emission fluorescence of NPN alone (1.0 uM), 

0.1 mM Ca 
2+ 

. 

maximal emission 458 nm. 

B: NPN plus 1.0 UM CaM. max 414 nm. 
C: NPN, 1.0 uM CaM plus 1.8 uM EBB. max 408 MI. 

D: NPN, 1.0 uM CaM plus 3.0 uM TFP. max 424 nm. 

Discussion 

GUI inhibitorn have one common feature and may be clsssuified as cationic 

amphiphiles. (!O) Hiaaka et al reported the correlation between the hydropho- 

bicity of Naphthalenosulfonamide derivativea and their potency in inhibiting 

Ca2+ 
(11) 

-CsM through a hydrophobic interaction. 
(4) 

We have reported previously that 

the Tetrandrino ia a new CaM antagonist. In order to study the relationship 

of activitien-structure of tetrandrine-analogues we synthesized a serious 

derivnlfven of bisbenaylisoquinolinc with various lengths of alkyl chain. Cur 

resulto clearly demonntrate the close correlation between the hydrophobi,city 
2+ 2+ 

of each derivatives and their potency in inhibiting CaM-dopendent Ca -Mg - 

ATPaae. (12) Among them the EBB is a most potent CaM antagonist. The fact that 
2+ 2+ the inhibition of CsGdependont Ca -IQ -ATPase by EBB was 10 fold more potent 

than that by 0-butylberbamine suggests that in addition to hydrophobic and 

electrostatic interaction between CaM and its antagonist, the fine structure 

of antagonist, the fine structure of antagonist can dramatically'affect their 

potency of antagonism. (12) 

The action of EBB on Ca2+4g 2*-ATPase seems to be rather specific with 

respect to other ATPase of the membrano. EBB has a highor apocific coefficient 

(the ratio of the ICFio value of basal Ca 2+,Mg2+ -ATPase activity to the IC5o 

value of the &N-dependent fraction of the enzyme's activity) (29 for calmida- 

zolium, 85 for XBB)(13). From this point EBB txeemn to be a outntanding CaM 
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antagonist and proposed to be a promising tool for studying CaM dependent 

processes. 

The fluorescence of D-CaM provides a convenient mean3 for examing its inter- 

action with the CFM antagonist (8 1. The further increase in the spectral shift 

fluoreocence intenoity of D-CaM obnerved whon EUD was added in the prcnencc of 

ca2+ may be interpreted as result from the formation of EBB-CaM complex and 

alteration of the protein cornformation. Our results have also shown that even 

in the absence of Ca2" iHBB interact with CaM probaly through a non-specific 

hydrophobic adsorption of EBB by CaM although thio interaction is weaker than 
2+ in the preclence of Ca . The nonspecific adcorption oites could not be quanti- 

fied in our experiment. NPN is weakly fluorescence in aqueous solution and it3 

fluorescence intensity is increaoed when it bind3 to Ca 2+ -CaM. The spectral 

modifications are due to the appearance of hydrophobic region on the CaM 

surface following conformational change in CaM (14). TPP depressed thio enhanced 

fluorescence .a3 a result of competitive interaction of TPP and NPN on same 

binding site3 of CaM. In contrast, however, EBB increased the fluorencence of 

NPN on Ca2'-CaM complex. These results demonstrated that the binding of EBB on 

CaM increased its affinity for NPN suggesting that allootcric interactions 

occur among different hydrophobic binding sites on CaM (15) and the interaction 

of EBB with CaM through a manner that differ from the interaction of CaM with 

TPP. The binding of EBB may expose more hydrophobic region on CaM as evidenced 

by the further binding of NPN.(either number and/or affinity of NPN binding sited 
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